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This is the first edition of the Guide to
Ruminant Anatomy: Dissection and Clinical
Aspects for first-year veterinary students
who are learning ruminant anatomy for the
first time. The aim of this book is to fulfill a
need for an illustrated ruminant anatomy
guide using real dissection images. The book
contains images from prosected caprine
(goats), ovine (sheep), and Bos taurus (cattle)
specimens.

We have strived to strike a balanced
approach between depth of coverage and
our desire to avoid inclusion of unnecessary
details that you will not use in class. We have
attempted to provide a reasonable elabora-
tion for students who may be studying mam-
malian anatomy for the first time, as the case
in overseas schools in Africa. However, the
justification for the level of detail provided
here is largely based on clinical relevance
and time allotted to ruminant anatomy in
curricula of veterinary schools in North
America. For comprehensive details of ana-
tomic structures, the reader is advised to
consult some of the reference textbooks
listed in Appendix B. Each chapter of the
book begins with a list of learning objectives.
These are concise statements about what the
students are expected to know when they
complete each chapter. Additionally, a goal
statement is provided for each subject mat-
ter within each chapter.

In many veterinary schools, the goat is
used as model for teaching ruminant
anatomy because of its small size and low
cost. In practice, however, the cow is the
focus of most clinical work. To account for
both species, we give accounts for compara-
tive anatomy and, when applicable, we note
where goats and cattle differ. Because of the
importance of physical diagnosis in clinical
practice, we provide a small section on
topography at the end of each chapter.
Clinically relevant anatomy is briefly high-
lighted in separate boxes. The dissection
instructions are shown in italics at various
sections but we also provide detailed instruc-
tions for dissection of the goat cadaver, and a
concise list of the important structures for
identification in each lab. A lab identifica-
tion list is located at the end of each
chapter.

Throughout the book, we stress the rele-
vance of topographic anatomy to clinical
applications. Practice questions are also
included for each section. The students
should use the images and illustrations to
guide their dissection and the practice exams
to test their knowledge at the end of each
chapter.

We welcome comments and suggestions
from students and faculty who use this book.
It is our intention to refine the book in future
editions.
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This book is accompanied by a companion website:

The website consists of:

Video clips that explain practical aspects of ruminant anatomy.
Test questions on each section of the book with an answer key.



The Head, Neck, and Vertebral Column

Learning Objectives

« Identify the main bones and some of their
palpable features on the bovine skull.
Examples of important features include the
temporal line, lacrimal bulla, zygomatic
arch, facial tuberosity, nasoincisive notch,
foramen orbitorotundum, optic canal,
supraorbital foramen, infraorbital foramen,
mandibular foramen, mental foramen, and
body of the mandible.

o Identify the features of the most clinically
important frontal and maxillary sinuses. Know
the compartments of the frontal sinus (2-3
rostral and 1 caudal). Study the diverticuli of

the caudal compartment of the frontal sinus
(cornual, nuchal, and postorbital). Note the
dividing thin bony septa of the frontal sinus
(transverse oblique and median septum).
Identify the lacrimal bulla, the most caudal
extent of the maxillary sinus. In dehorning
operations in goats, you should keep in mind
the superficial location and shallow depth of
the frontal sinus at the base of the horn.

Be able to recall the dental formula and
methods for estimating age of cattle and
goats using eruption times and changes in
the occlusal surface of lower incisor teeth.

Guide to Ruminant Anatomy: Dissection and Clinical Aspects, First Edition. Mahmoud Mansour, Ray Wilhite, and Joe Rowe.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.

Companion Website: www.wiley.com/go/mansour/dissection




Know that the incisor and canine teeth in the
upper jaw are absent and are replaced by a
fibrous structure known as the dental pad.
Identify clinically important superficial
structures on lateral head views (cornual
nerve, supraorbital nerve, infraorbital
nerve, mental nerve, dorsal and ventral
buccal and auriculopalpebral branches of
the facial nerve). Clinically important ves-
selsinclude the frontal vein, the facial artery
(pulse in cattle), and transverse facial artery
(pulse in goats). In the neck, identify the
external jugular vein, superficial cervical
lymph nodes, accessory and great auricular
nerves, and parts of the nuchal ligament.
Identify nerve and blood supply to the horns.
You should know the difference in nerve sup-
ply of the horn in small and large ruminants,
and which nerve or nerves to block in dehorn-
ing operations. Note the differences in loca-
tion and direction of the horn in small and
large ruminants. Understand that dehorning
is best carried out when the animal is 1-2
weeks of age. Know the meaning of the term
epiceras.

Identify clinically important structures on a
paramedian section of the head (lingual
torus and lingual fossa, nasal conchae,
medial retropharyngeal lymph node, and
other oral, pharyngeal, and laryngeal struc-
tures on your laboratory ID list).

Describe some of the methods and struc-
tures associated with enucleation (removal)
of the eye that has cancer (i.e., retrobulbar
and Peterson’s nerve blocks).

Identify lymph nodes of the head (parotid,
mandibular, and lateral and medial ret-
ropharyngeal lymph nodes). In the neck,
identify the superficial and deep cervical
lymph nodes. Know that the lateral ret-
ropharyngeal lymph node is the major col-
lection center for lymph from the ruminant
head. Understand that the medial and lat-
eral retropharyngeal lymph nodes are
incised and examined in meat inspection.
You should also know the drainage area for
each node.

Identify major salivary glands of the head
(parotid, mandibular, and sublingual).
Identify neck muscles that form the dorsal
and ventral boundaries for the jugular groove
(or furrow). Know the difference between
jugular groove muscular boundaries in cattle,
goat, and sheep. Sheep have a less distinct
jugular furrow because of the absence of the
sternomandibularis muscle. This muscle
forms the ventral boundary in cattle and
goats. It is also called sternozygomaticus
muscle in goats.

Recall the vertebral formula for large and
small ruminants. Know vertebral locations
for epidural anesthesia in cattle.

Goal: With the help of Figures 1.1-1.9,
study the main features of the bovine and
caprine skulls on dorsal, lateral, caudal, and
ventral views. You should place emphasis
on the main paranasal sinuses and bony
landmarks for blocking clinically impor-
tant nerves of the head (e.g., temporal line
[corneal nerve], zygomatic arch [auriculo-
palpebral nerve], infraorbital and mental
foramina [infraorbital and mental nerves,
respectively], and foramen orbitorotun-
dum [oculomotor, trochlear, ophthalmic,
and abducent nerves]).

Before you start your dissection of the head,
study the bovine skull. Make comparisons
with goat and sheep skulls whenever
indicated.

The skull is part of the axial skeleton. In addi-
tion to the skull, the axial skeleton includes
bones of the vertebral column, ribs, and the
sternum.

The functions of the skull include protec-
tion of the brain, sensory organs, and the
upper gastrointestinal and respiratory tracts.

The mandibles and the hyoid apparatus
articulate with the skull but are technically not
part of the skull. However, they will be studied
with the bones of the skull.



The most striking features of the adult bovine
skull is the flattened dorsum (frontal bone), the
presence of the cornual process (the bony part
of the horn), facial tuberosity (a bony promi-
nence on the lateral surface of the maxilla), and
the lack of upper incisor teeth and their replace-
ment with the dental pad in the live animal.

1 The Head, Neck, and Vertebral Column

The dorsum of the skull in goats and sheep
is slightly dome-shaped compared with the
flat frontal bone in adult cattle. However, in
young calves the skull is dome-shaped, simi-
lar to the skull in small ruminants.

Look at the dorsal view of the bovine skull
and, with the help of Figures 1.1 and 1.2, study

Intercornual protuberance

Supraorbital

Lacrimal bone |

Horn sheath

Cornual
process

- Frontal bone

Figure 1.1 Bovine skull: caudodorsal view. The epidermal part of the horn (horn sheath or capsule) and the
bony part (cornual process) form the horn. Akin to the hoof, the horn sheath and the cornual process are glued
together by dermal tissue that contains blood vessels and nerve endings of the corneal nerve and artery. The
cornual process and the horn capsule are sawed in dehorning operations.

Intercornual protuberance (poll)

Frontal bone

Supraorbital
groove

Maxillary
bone

Nasal bone

Incisive bone

Supraorbital
foramen
Orbit

Lacrimal
bone

Facial
tuberosity

Nasoincisive
notch

Palatine
fissure

Figure 1.2 A polled (no horns present) bovine skull: dorsal view. Dotted line shows the location of right supraorbital
groove. In the live animal, the supraorbital groove houses the supraorbital vein (called the frontal vein after passing
through the supraorbital foramen). The ox may have multiple supraorbital foramina (single in small ruminants).
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the following bones and features: frontal bone,
cornual process of the frontal bone (if present
in your specimen), lacrimal bone, nasal bone,
incisive bone, nasoincisive notch, intercor-
nual protuberance, supraorbital groove, and
supraorbital foramen.

Study the nerves passing through some of
the foramina listed on your laboratory ID list
(Table 1.1).

Note that the cornual process in cattle lies
several centimeters caudal to the eye or bony

Major foramina of the bovine skull
and nerves passing through them. Understand that
there are vessels that accompany these nerves (not
listed). CN V-1, ophthalmic subdivision of CN V; CN
V2, maxillary subdivision of CN V.

Foramen/canal

Supraorbital
foramen

Maxillary foramen—

infraorbital
canal-infraorbital
foramen

Mandibular
foramen—
mandibular
canal-mental
foramen

Foramen
orbitorotundum

Optic canal

Caudal palatine
foramen—major
palatine foramen

Sphenopalatine
foramen—nasal
cavity

Nerve

Supraorbital nerve
(continuation of frontal nerve,
a branch of the ophthalmic
division of the trigeminal
nerve)

Infraorbital nerve
(continuation of the maxillary
subdivision of the trigeminal
nerve)

Inferior alveolar nerve,
mental nerve (continuation of
the inferior alveolar),
branches of the mandibular
subdivision of the trigeminal
nerve

Oculomotor nerve (CN III),
trochlear nerve (CN IV),
ophthalmic (CN V-1)
subdivision of the trigeminal
nerve, maxillary (CN V-2)
nerve subdivision of the
trigeminal nerve, and
abducent nerve (CN VI)

Optic nerve (CN II)

Major palatine nerve, a
branch of the maxillary nerve
subdivision of the trigeminal
nerve

Caudal nasal nerve, branch of
the maxillary nerve, a
subdivision of the trigeminal
nerve

orbit. It extends in lateral and dorsal directions
(Figure 1.1). In goats, it lies relatively close
to the caudal border of the eye and extends
in a caudal rather than lateral direction
(Figure 1.3).

The cornual process grows from the fron-
tal bone. Much like the hoof structures, the
horn has a bony part (cornual process), der-
mal and epidermal (horn sheath) parts lay-
ered on the cornual process.

The epidermal horn sheath and the cor-
nual process form the horn. If the horn sheath
is not separated from the corneal process, you
should be able to identify both the cornual
process and horn sheath on the skull as shown
in Figure 1.1.

Drilling a circular hole in the skull or other
bones is known as trephination. This hole is
generally made to drain inflammatory exu-
date and flush sinuses in the skull with anti-
septic solution. Diseases of the frontal sinus
result from microbial infections mostly from
dehorning operations in cattle.

In the ox, the supraorbital groove is palpable.
It houses the supraorbital or frontal vein. In
rostral frontal sinus surgery (i.e., trephina-
tion), the frontal vein must be avoided.

Turn the skull so that the lateral surface is
facing you. With the help of Figures 1.3 and
1.4, identify the facial tuberosity, maxilla,
body of the mandible, infraorbital foramen,
temporal line, and the bony rim of the orbit.
Identify the zygomatic arch and note that it is
formed by two bones, the zygomatic bone
rostrally, and the zygomatic process of the
temporal bone caudally (Figure 1.4). The
caudal part of the zygomatic bone is called the
temporal process of the zygomatic bone.

On the lateral facial surface of the skull, rumi-
nants have a circumscribed facial tuberosity
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Box 1.3

In dehorning operations in cattle, the tempo-
ral line is used as palpable landmark to block
the cornual nerve which innervates the horn
in cattle. The cornual nerve emerges from the
orbit and courses toward the base of the horn
along the temporal line. The cornual artery,
which supplies the horn, must also be ligated
or its branches cauterized (for more details of
the nerves that supply the horn see Box 1.18)

In adult goats, three nerves must be blocked
to anesthetize the horn:

1) The cornual nerve: block is between the
lateral canthus of the eye and lateral part
of the base of the horn.

2) The cornual branches of the infratroch-

lear nerve: block is more medial than that

of the cornual nerve between medial can-
thus of the eye and medial edge of the
base of the horn.

Cornual branches of the caudal auricular

nerve: at the back of the ear.

w

Additionally, a ring nerve block is some-
times performed by depositing a local anes-
thetic around the base of the horn to achieve
maximal pain suppression.

In goats, general anesthesia is sometimes
used as better alternative than local anesthesia.

The horn can then be sawed off using a
hacksaw or obstetrical wire.

Horn buds (called horn buttons) are typi-
cally eliminated in young animals to prevent
horn growth. Several procedures, including
chemical or heat cautery, are used to prevent
growth of the horn buds. Several dehorner
devices such as tube or spoon dehorners,
lever-type dehorners, and surgical saws are
used to remove horns when they are
very small.

In dehorning of adult goats, care must be
taken not to expose the brain cavity because
of the proximity of the cornual process and
parietal bone.

Frontal bone

Orbit
Lacrimal bone

Maxilla

Facial
tuberosity

Incisive bone

Mental foramen

Mandible (body)

Cornual process of
frontal bone

Coronoid process

i External acoustic

Paracondylar
process

Zygomatic bone

Figure 1.3 Goat skull: lateral view. The horn sheath (epidermal part) is removed. * Temporomandibular joint
(TMJ). A, parietal bone; B, temporal bone. Note the proximity of the cornual process to the parietal bone. In
dehorning of mature goats, the cut must not be made too far caudally to avoid exposure of the brain.

(Figure 1.4) compared with a longitudinal long
bony ridge known as the facial crestin the horse.

Identify the infraorbital foramen on the
lateral surface of the maxilla (Figure 1.4). The
infraorbital nerve (terminal branch of the

maxillary nerve) emerges on the face through
this foramen.

Note that the bony orbit is complete in rumi-
nants by fusion of the zygomatic process of
the frontal bone (ZF) and the frontal process
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Orbit

Lacrimal bone NS

Lacrimal bulla

Infraorbital foramen
Facial

tuberosity

Maxilla

Cheek
Teeth

bone

Zygomatic

Horn (horn sheath
+ cornual process
of frontal bone)

Temporal line

.......

(temporal bone)
External acoustic
meatus
Paracondylar
(jugular) process

Zygomatic process of
temporal bone

P2, P3, P4, M1, M2, M3
From rostral to caudal

Zygomatic arch

Figure 1.4 Bovine skull: lateral view. The bony orbit is complete where the frontal process of the zygomatic
bone (FZ) and the zygomatic process of the frontal bone (ZF) meet. The FZ is not present in the horse. The
zygomatic arch is palpable in the live animal and is formed by two bones: the zygomatic bone rostrally and
zygomatic process of the temporal bone caudally. Temporal line (dotted) is used as a landmark for blocking
the cornual nerve in dehorning operations in adult cattle. M, molar; P, premolar. P1 is not present in upper or

lower jaws. TZ, temporal process of the zygomatic bone.

Box 1.4

The infraorbital nerve passes out of the skull
through the infraorbital foramen. Infraorbital
nerve block is sometimes used in cattle to

repair nasal laceration and/or to place nasal
rings in bulls.

of the zygomatic bone (FZ) (Figures 1.4 and
1.5). This is also true for the horse skull.

In the dog, the orbit is incomplete, and the
gap on the orbital rim is bridged by a rigid
fibrous structure known as the orbital
ligament.

Note the prominent but very thin lacrimal
bulla within the rostral confinement of the
orbit (Figure 1.4). The maxillary sinus extends
caudally into the lacrimal bulla.

The angle between the temporal process of
the zygomatic bone and the frontal process of

the zygomatic bone (FZ) is used as landmark
for needle insertion when anesthetizing nerves
emerging from the foramen orbitorotundum
that course to the eye (Figure 1.5).

In ruminants, the foramen orbitorotundum
represents the combination of the orbital
fissure and round foramen present in other
species (e.g., dog). The ophthalmic, oculomo-
tor, trochlear, and abducent nerves pass from
the brainstem to the orbital space through the
foramen orbitorotundum to supply various
structures of the eye.

Box 1.5

The lacrimal bulla is vulnerable to puncture in
enucleation (removal) of the eye by the retrobul-

bar technique. Read more about the retrobulbar
technique in the nerve block section (Box 1.6).




Foramen
orbitorotundum

Temporal

process of

zygomatic
bone

Zygomatic bone

Pterygoid crest

Zygomatic process of temporal bone

The bovine skull showing the bony land marks for Peterson’s nerve block: caudolateral view.
The white arrow points to the angle where the needle is inserted to deposit an anesthetic close to the foramen
orbitorotundum. The pterygoid crest and coronoid process of the mandible are encountered and avoided as a
long curved needle is advanced toward the foramen. FZ, frontal process of the zygomatic bone; ZF, zygomatic

process of the frontal bone.

Anesthesia for enucleation of the eye can
be performed by two standardized tech-
niques known as retrobulbar (or modified
retrobulbar) technique or by Peterson’s
nerve block.

In Peterson’s nerve block, the angle between
the frontal process of the zygomatic bone and
the zygomatic bone is used for needle inser-
tion where an anesthetic is deposited close to
the foramen orbitorotundum to block several
nerves coursing to the eye. The coronoid pro-

cess of the mandible and the pterygoid crest
should be avoided.

Because Peterson’s nerve block requires
advanced technical skill, the retrobulbar tech-
nique is considered as an easier alternative. The
medial and lateral canthi of the eye and upper
(superior) and lower (inferior) eyelids are used as
landmarks for anesthetic injection at four points.
In this procedure, care should be taken to avoid
damaging the thin lacrimal bulla, a caudal
extension of the maxillary sinus (Figure 1.4).

Look at the caudal aspect of the skull and,
with the help of Figure 1.6, identify the
occipital condyles and the large foramen
magnum between the occipital condyles.
The spinal cord exits the cranium through
foramen magnum. The paracondylar pro-
cesses (also called jugular processes) run
parallel to the occipital condyles. The digas-
tricus muscle that opens the jaw originates
from the paracondylar process. Identify
the external occipital protuberance on the
caudal aspect of the skull ventral to the inter-

cornual protuberance. The funicular part of
the nuchal ligament attaches to the external
occipital protuberance. The intercornual
protuberance, located between the horns,
forms the highest point of the bovine skull

In small ruminants, the nuchal crest (or poll)
forms the highest point. The nuchal crest is
not present in cattle but they instead have a
nuchal line (Figure 1.6).

On the ventral aspect of the skull and with
the help of Figure 1.7, identify the basilar part
of the occipital bone (basiooccipital), palatine
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Parietal bone Intercornual protubernace  Nuchal tubercle

Nuchal line

Horn

sheath Temporal bone

mastoid process

Cornual process ( P )
External occipital
protubernace

Mastoid foramen

Paracondylar
process
(jugular process)

Occipital condyle

Ventral condyloid fossa

Foramen magnum

Figure 1.6 Bovine skull showing caudal parts of the occipital bone: caudal view. The foramen magnum is the
exit pathway for the spinal cord. The external occipital protuberance is the attachment site for the funicular
part of the nuchal ligament. In small ruminants, the nuchal crest (poll) forms the highest point of the skull.
The nuchal crest is not present in the ox.

Paracondylar (jugular) process Occipital condyle

Basilar part, occipital
bone (basioccipital)
Basisphenoid bone

Tympanic bulla

Mandibular fossa

Muscular process Infragrbnal
Vomer bone opening of the
Lacrimal bulla supraorbital
foramen
M3 Major palatine
M2 foramen
M1 Facial
Pa tuberosity
Ps Palatine process
P2 of maxilla
Cheek teeth o
nomenclature Palatine fissure
from rostral
to caudal

Figure 1.7 The bovine skull: ventral view. * Choanal region, caudal opening of the nasal cavity into the
nasopharynx in the live animal. M, molar; P, premolar. The premolar teeth start with P2 in both the upper and
lower jaws (the upper P2 are removed to show the shallow alveolar sinuses [teeth sockets in lay terms]). The
upper and lower P1 are considered absent in ruminants (see lower P2 in Figure 1.8a). The roots of the cheek
teeth in ruminants are shallow compared with horses and it is possible to remove upper cheek teeth without
entering the maxillary sinus.



fissure, tympanic bulla, and the choana (plural
choanae), a funnel-shaped caudal opening of
the nasal cavities into the nasopharynx.
Because of time constrains and lack of clinical
relevance, most of the structures on the ventral
aspect of the skull may not be part of your iden-
tification list. Ask your instructor for advice.

Goal: Identify the regions of the mandible,
and vessels and nerves passing through the
mandibular and mental foramen.

The mandible has horizontal (body) and ver-
tical (ramus) parts (Figure 1.8). The junction
of the ramus and body forms the angle of the
mandible.

On the proximal aspect of the ramus, identify
the caudally pointing coronoid process. The
condylar process extends caudally from the
ramus where it articulates with the mandibular
fossa of the skull to form the temporomandib-
ular joint (TM]). A mandibular notch sepa-
rates the coronoid and condylar processes.

The coronoid process in the horse is verti-
cally oriented.

On the medial side of the ramus, identify
the mandibular foramen (Figure 1.8b), the
point of entry to the mandibular canal within
the body of the mandible. The inferior alveo-
lar nerve enters the mandibular foramen and
traverses the mandibular canal giving alveolar
branches to the mandibular teeth (Table 1.1).
It emerges on the lateral surface as the mental
nerve through the mental foramen.

On the rostrolateral surface of the body,
identify the mental foramen. The mental
nerve (sensory) passes out of the mandibular
canal as a continuation of the inferior alveo-
lar nerve. It conveys sensation from the skin
and mucosa of the lower lips.

Find the mandibular symphysis on the
medial side of the mandible (Figure 1.8b).
This is a fibrous joint that connect the left and
right mandibles. The mandibular symphysis
in cattle is weaker than that of the horse and

ossifies late in life. Fracture of the mandible is
rare in cattle but can occur in young calves fol-
lowing manipulation of the head with a snare.

Goal: Identify the maxillary sinus, the ros-
tral and caudal frontal sinuses, and the
diverticuli associated with the caudal frontal
sinus on the bovine skull (Figure 1.9). Other
paranasal sinuses (Figure 1.10) are minor
spaces with less clinical significance.
Compare and contrast the cavities of the
frontal and maxillary sinuses in the ox with
those of small ruminants. At the end of this
section watch video 1.

Adult ruminants possess a complex set of
paranasal sinuses (empty spaces between the
external and internal plates of the bones of
the cranium and bones of the face). Not all of
them are of clinical interest. In young calves,
the paranasal sinuses are poorly developed.

Sinus infections with mucoid or purulent
discharge or blockage of normal drainage
through the nasal cavity represent important
clinical issues in bovine medicine.

Small ruminants have the same set of
sinuses present in cattle, but they are rela-
tively shallow and lack some of the commu-
nications present in cattle.

The following is a complete list of all the
sinuses that are present in the adult ox.

Frontal sinus, divided into:
Rostral compartment: forms minor
part of the frontal sinus and has 2-3
small chambers (lateral, intermediate,
and medial compartments)
Caudal compartment: forms the major
part of the frontal sinus.
The caudal compartment of the frontal
sinus has three diverticuli cornual, nuchal,
and postorbital diverticuli.
Sphenoid sinus: lies in the rostral part of
the floor of the cranium and extends into
the orbital wing of the sphenoid bone. It
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Cheek teeth

l P2 P3 P4 l

M1 M2 M3

Mental foramen

Coronoid process
Mandibular notch

‘i Condylar process

Ramus

Angle of
the mandible

Body of the mandible

Mandibular foramen

Cheek teeth

Mandibular
symphysis

Body of the
mandible

Mandibular notch Coronoid process Condylar process

Angle of the
mandible

Figure 1.8 (a) Bovine mandible: lateral view. |, incisor; M, molar; P, premolar. The coronoid process in the horse
is vertically oriented compared with caudally inclined coronoid processes in ruminants. (b) Bovine mandible:
medial view.

3)

communicates with the middle nasal
meatus via ethmoidal meatuses.

Ethmoid sinus: multiple spaces within the
turbinates of the ethmoid bone.

Conchal sinuses: dorsal, middle, and ven-
tral conchal sinuses. In the horse, the dorsal
conchal sinus communicates with the fron-
tal sinus forming the frontochoncal sinus.
Maxillary sinus: the cavity medial to the
maxilla and dorsal to the upper cheek
teeth. It extends into the lacrimal sinus
and lacrimal bulla.

6) Palatine sinus: the cavity within the hard
palate. It is present in ruminants and pigs.
7) Lacrimal sinus: excavation of the lacrimal
bone. It is present in ruminants and pigs.

The maxillary sinus is a large space pre-
dominately medial to the maxilla and above
the upper cheek teeth (Figure 1.9¢). It extends
into the lacrimal bulla within the bony orbit
and communicates with the lacrimal sinus
dorsally, and the palatine sinus medially.
Unlike the horse, the maxillary sinus in cattle
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Frontal sinus:
caudal compartment

Intrasinual lamellae
Postorbital diverticulum
Frontal sinus:

medial rostral
compartment

Frontal sinus:
lateral rostral
compartment

Frontal sinus:
caudal compartment

Postorbital diverticulum

Frontal sinus:
Medial rostral
compartment

Frontal sinus:

intermediate rostral
compartment
Frontal sinus:
lateral rostral
compartment

Lacrimal sinus

Dorsal conchal sinus

Figure 1.9 (a) Bovine skull with sculptured frontal sinus: dorsal view. An oblique transverse septum (dotted
line) divides the frontal sinus into rostral and caudal compartments. The line extends obliquely from the
mid-dorsal border of the orbit to the median septum. The median septum separates the left and right frontal
sinuses. The caudal compartment of the frontal sinus has three diverticuli the cornual (within the cornual
process), nuchal (rostral to the nuchal tubercle), and postorbital (caudal to the orbit) diverticuli. The bony
supraorbital canal, which houses the supraorbital vein, passes through the caudal compartment of the frontal
sinus. (b) Compartments of the bovine left and right frontal sinus. Bovine skull showing caudal (yellow and
blue) and rostral (multiple colors) compartments and diverticuli of the frontal sinus: dorsal view. The caudal
compartment of the frontal sinus is larger than the rostral compartment and has three diverticuli (postorbital,
nuchal, and cornual). The cornual diverticulum is absent in this skull (no horns present; Figure 1.9a). The rostral
compartment of the frontal sinus is divided into three smaller spaces (lateral, intermediate, and medial parts).
The rostral and caudal compartments of the frontal sinus communicate with ethmoidal meatuses (not visible).
Another major paranasal sinus in cattle is the maxillary sinus (Figure 1.9¢). Minor sinuses of less clinical
significance include the lacrimal, palatine, sphenoid, and conchal sinuses (Figure 1.10).
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Lacrimal bone Frontal sinus:
(housing lacrimal Lacrimal medial, intermediate, and Nuchal
sinus) Frontal bone bulla lateral compartments diverticulum

Maxillary Zygomatic  Postorbital Frontal sinus:
sinus bone diverticulum  caudal compartment

Temporal
fossa
Orbital
margin
Supraorbital
Dorsal foramen
midline

(d)

Figure 1.9 (Continued) (c) Bovine skull showing the maxillary and frontal sinuses: dorsolateral view. The
lacrimal bulla is a very thin and excavated bony structure. It represents the caudal extent of the maxillary sinus.
The maxillary sinus communicates with the lacrimal sinus (at the junction of frontal and lacrimal bone) and
with the nasal cavity through the middle nasal meatus. * Lacrimal sinus. (d) Selected trephination sites of the
frontal sinus (small circles). Site A: postorbital diverticulum, located about 4 cm caudal to the caudal edge of
the orbit and above the temporal fossa. Site B: caudal part of frontal sinus (major part of frontal sinus), drilled 4
cm rostral from topmost of the head and midway between the base of the horn and the dorsal midline. Site C:
rostral frontal sinus, drilled 2.5 cm laterally from the dorsal midline on a perpendicular midline line passing
through the center of the orbit.
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Figure 1.10 Bovine head: sagittal section. The figure shows the location of the conchal sinuses within the
nasal conchae. The frontal, sphenoid, ethmoid, and middle conchal sinuses open into the ethmoid meatuses at
the caudal aspect of the nasal cavity. The palatine sinus is the space within the caudal part of the hard palate.

C1, atlas; C2, axis.

is not divided by a septum into caudal and
rostral compartments.

The maxillary, palatine, ventral conchal, and
lacrimal sinuses drain into the middle nasal
meatus. The frontal, sphenoid, ethmoid, and
middle conchal sinuses have individual open-
ings into the ethmoid meatuses at the most
caudal part of the nasal cavity (Figure 1.10).

The palatine sinus is not present in carni-
vores (dogs and cats). In the horse, the palatine
and sphenoid sinuses merge together forming
the sphenopalatine sinus.

The frontal sinus has multiple compart-
ments (Figure 1.9a,b,c). Using a bovine skull
with the sinuses exposed, study the maxillary
sinus and the caudal and rostral compartments
of the frontal sinus (Figures 1.9a,c and 1.10).

In cattle, the frontal sinus is more elaborate
compared with the shallow frontal sinus in
goats (Figures 1.9a,b,c and 1.11). On the
bovine skull where the dorsal plate of the fron-
tal bone is removed, note that the frontal sinus
is divided by an oblique transverse septum
into two or three relatively small rostral com-
partments and one large caudal compart-
ment (Figure 1.9a,b). The frontal sinus extends

within a cavity involving the frontal, parietal,
occipital, and temporal bones.

A median septum separates the left and
right frontal sinuses (Figure 1.9a,b). The 2-3
compartments of the rostral frontal sinus
vary with age but include lateral, intermedi-
ate, and medial parts. The caudal compart-
ment of the frontal sinus represents the
major component of the frontal sinus and is
well developed in older animals.

Note that the interior of the frontal sinus is
variably divided by very shallow and irregular
spongy bony partitions (intrasinual lamellae)
which can be seen forming incomplete septa in
the dry skull (Figure 1.9a,b,c). One of these
septa forms the bony wall for the supraorbital
canal in the rostral part of the caudal compart-
ment of the frontal sinus (Figure 1.9b). The
canal carries the frontal vein which should be
kept in mind in trephination procedures.

The caudal compartment of the frontal
sinus covers most of the brain area and extends
laterally into the horn and squamous part of the
temporal bone and caudally into the occipital
bone, forming three distinct diverticuli (exten-
sions) for this compartment. These diverticuli
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include the cornual diverticulum extending
into the cornual process of the horn; the nuchal
diverticulum extending caudally in the area
close to the interparietal bone and rostral to the
nuchal tubercle; and the postorbital divertic-
ulum located caudal to the orbit spanning a
space within the parietal bone and squamous
part of the temporal bone (Figure 1.9a,b). In
dehorning operations, opening of the cornual
diverticulum exposes the frontal sinus to bacte-
rial and parasitic infections.

In goats, the lateral part of the rostral fron-
tal sinus communicates with the horn and
not the caudal compartment.

On lateral view of opened bovine skull
(Figure 1.9¢), identify the maxillary sinus
located predominantly deep to the body of the
maxilla and dorsal to the upper cheek teeth.
Note that it communicates with lacrimal sinus
dorsocaudally, and with the palatine sinus over
the infraorbital canal along the caudal surface
of the hard palate. It also extends caudally into
the lacrimal bulla within the bony orbit.
Rostrally, it may extend to the level of the facial
tuberosity. The maxillary sinus drains into the
nasal cavity through the nasomaxillary open-
ing into the middle nasal meatus.

Note that the roots of the last 3—4 cheek
teeth may project into the maxillary sinus.
But, unlike in the horse, the roots of the
cheek teeth are shallower in ruminants and it
is possible to remove these teeth without
entering the maxillary sinus.

Identify the palatine sinus on sagittal sec-
tion of the bovine head (Figure 1.10).

Small ruminants have the same sets of para-
nasal sinuses present in the ox but differ in
some of the compartments and their commu-
nications. For example, the frontal sinus is
composed only of lateral and medial compart-
ments that open into the middle nasal meatus
of the nasal cavity. The lateral compartment is
similar to the caudal compartment of the fron-
tal sinus in the ox (Figure 1.11). Additionally,
the maxillary sinus is divided by the infraorbi-
tal canal into medial and lateral compartments.
The lateral compartment communicates with
the lacrimal bulla while the medial compart-
ment communicates with the palatine sinus.

The maxillary sinus drains into middle nasal
meatus of the nasal cavity and does not com-
municate with the lacrimal sinus which opens
separately into the middle nasal meatus.

Details of other sinuses (palatine, sphe-
noid, and conchal) are less important and are
not discussed here.

Goal: Know regional differences in the
shape of the vertebrae, the vertebral for-
mula in small and large ruminants, and
the sites for epidural anesthesia and col-
lection of cerebrospinal fluid (CSF).

Trephination of the frontal sinus (Figure 1.9d) is
the most commonly performed surgery. This
surgery is usually performed in a standing ani-
mal restrained in a squeeze chute. Light seda-
tion and local anesthesia is used at
predetermined sites.

The main trephination sites for draining the
diverticuli of the frontal sinus are shown on
Figure 1.9(b):

Main part of the caudal frontal sinus (at a
point 3-4 cm rostral from topmost of the

head and midway between the base of the
horn and the dorsal midline.
The postorbital diverticulum (at a point 4
cm caudal to the caudal edge of the orbit
above the temporal fossa).
The rostral part of the frontal sinus (at a
point 2.5 cm laterally off the dorsal midline
on a perpendicular line passing through the
center of the orbit).
Extension of caudal frontal sinus into the horn
(cornual diverticulum) may carry the risk of
sinus infection when adult cattle or goats are
dehorned.




Cornual
process of
frontal bone

1 The Head, Neck, and Vertebral Column

Medial frontal sinus

Lateral frontal sinus:
cornual diverticulum

Figure 1.11 Goat skull excavated to show the medial and lateral parts of the frontal sinus: dorsal view. The left
horn is removed to show cornual diverticulum from the lateral frontal sinus. In small ruminants, the frontal
sinus is composed of lateral (relatively large) and medial (small) frontal sinus. The lateral frontal sinus is
equivalent to the caudal frontal sinus in the ox. Note that the compartments of the frontal sinus are shallower

compared with cattle.

Understand that degenerative changes in
vertebral articulations may lead to retiring
of bulls from breeding services.

The vertebral formula for cattle and small
ruminants is similar in the cervical (C) and

thoracic (T) regions but differs slightly in the
lumbar (L), sacral (S), and caudal (Cd) regions.

The vertebral formula is C7, T13, L6, S5,
Cd 18-20 in cattle; C7, T13, L6 (7), S5, Cd
16-18 in goats; and C7, T13, L6 (7), S4, Cd
16-18 in sheep.

Box 1.8

1) In addition to the external jugular vein in
the neck region, the median caudal or
“tail” vein is one of the common locations
where blood can be collected from cattle.
When the tail is raised, the median caudal
vein can be accessed in proximal ventral
third of the tail between two adjacent tail
vertebrae. In this location the caudal verte-
brae have hemal arches that should be
avoided.
Site for collection of cerebrospinal fluid (CSF)
is similar to other species and can be con-
veniently performed at the atlantooccipital
(AQ) joint.
3) Degenerative changes could occur in the
articulation between L6 and S1 region in

~

bulls. This could lead to failure of the bull
to serve.

4) Access to the epidural space for induction
of epidural anesthesia can be performed at
three interarcuate sites depending on area
of interest: (i) L1-L2, (ii) L6 (7)-S1, and (iii)
Cd1-Cd2. Epidural punctures should be
carried out cautiously as they carry the risk
of hemorrhage if the internal vertebral
venous plexus is punctured.

5) Insituations where the caudal vena cava is
blocked by an enlarged rumen (gas tym-
pany) or liver displacement, venous blood
could pass through intervertebral veins
that join the internal vertebral venous

plexus within the vertebral canal.
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The anatomy of the vertebrae (see Figures
2.1, 2.2, and 3.1) and joint articulations is
similar among cattle, goats, and sheep. In the
articulated skeleton, the summation of the ver-
tebral foramina forms the vertebral canal. The
vertebral canal contains the spinal cord and its
coverings and the clinically important internal
vertebral venous plexus. Review some of the
clinical aspects associated with the vertebral
column in Box 1.8.

Goal: Understand basic ruminant dental
anatomy and be able to approximate the
age of cattle and small ruminants. Be
familiar with the teeth surfaces (outer ves-
tibular, inner lingual, contact [mesial and
distal], and occlusal or masticating).

Ruminants have brachydont (incisors) and
hypsodont (cheek) teeth. Ask your instructor
for an explanation of the difference between
brachydont and hypsodont teeth.

Estimating age of beef, breeding, or dairy
cattle adds value to producers and ranchers
when selling their stock. Age determination is
also important for buyers of cattle (e.g., when
buying animals in cattle shows or exhibitions).

You should understand that documenting
birth records (e.g., by year branding or ear
tags) is a reliable way of determining age. In
the absence of that, a veterinarian may be
asked to estimate the age of a cow by the
looking at the teeth on the lower jaw (espe-
cially the lower incisor teeth).

Age estimation depends on determining
eruption times for the type of teeth present
(deciduous or permanent) and on identifying
the degree of wear on the lingual surface of
the lower incisors (by a process called leve-
ling, which will be discussed shortly).

Before you can practice estimating age, we
suggest that you read all of the following sec-
tions on teeth and watch videos 2, 3, 4, and 5.

A thorough understanding of type of incisor
teeth present (deciduous and/or permanent)
and the degree of wear on their lingual sur-
faces is essential.

Teeth can be grouped according to form,
function, and whether they have been
developmentally preceded by deciduous
teeth. The four groups are incisors (I),
canines (C), premolars (P), and molars
(M). The premolars and molars collectively
are called the cheek teeth. The cheek teeth
are located in the caudal part of the mouth
and are present in both the upper and lower
jaws. They are called upper (or maxillary)
and lower (or mandibular) cheek teeth
(Figures 1.4, 1.7, and 1.8).

In calves, there are 20 deciduous teeth
(also called temporary, milk, or baby
teeth), 8 of which are incisors and 12 are
premolars. There are no deciduous molars.
Adult ruminants have 32 permanent
teeth. Of these, 8 are incisors, 12 are pre-
molars, and 12 are molars.

The deciduous teeth will be lost as an animal
matures and will be replaced sequentially

Sublingual
caruncles

Deciduous 12,

Permanent central incisors
(erupting) 13, 14

Bovine lower jaw showing the
permanent central incisors (I1) just erupting while
the rest of the incisor teeth (2- 4) are still decidous.
This suggests an 18-month-old cow.



by permanent teeth starting with central
incisors erupting at approximately 18
months of age in cattle (Figure 1.12).

A dental formula is an abbreviated state-
ment of the number and types of teeth
Generally, placental mammals typically
have up to four upper and four lower pre-
molar teeth (in both deciduous and per-
manent formulas). When a species has
fewer premolars, the reduction occurs in
the more rostral members of the group.
Because the first premolar (P1) is absent
in both the upper and lower jaws, the first
rostral cheek tooth is designated as pre-
molar two (P2) in young and adult rumi-
nants (Figures 1.4, 1.7, and 1.8).

The most striking feature of dentition in
ruminants is the lack of incisors and canines
in the upper jaw. Their place is occupied by
a cornified elastic fibrous structure known
as the dental pad (Figure 1.13).

The canines of the lower jaw have the
appearance of incisors and are assimilated
with the true incisors to form a continuous
arched arcade of four pairs of lower incisors
(three true incisors plus one functional
incisor [or adapted canine] on each half of
the jaw). The four pairs of incisors are
named as I1 (central or pincher), I2 (first
intermediate), I3 (second intermediate),
I4 (corner) incisors from rostral (front) to
caudal (back), respectively (Figure 1.13a).
The incisors have a spatula or shovel-like
appearance (Figures 1.14 and 1.15a). As in
other species, each tooth has a crown,
neck, and root. The crown and the rela-
tively narrow neck are visible above the
gum (Figure 1.13b). The peg-like neck
(especially in very young or old cattle) joins
the root which is invisible below the gum.
The crown is composed of a thin, white,
outer enamel and inner core of dentin.
The root contains blood vessels and nerves
within a pulp cavity and is encased by a
layer of cement. Grossly, permanent inci-
sors are relatively larger than deciduous
incisors (Figure 1.14).

The anchoring of incisor teeth within
their alveoli is not as rigid in cattle as is

or

or

found in other species and there may nor-
mally be slight movement of these teeth.
Because the canine teeth are similar in
shape to incisor teeth, authors differ when
representing them in the dental formula.
Some identify them as canines while oth-
ers include them with the incisors. Any of
the following formats for the dental for-
mula is acceptable:

+ Permanent teeth dental formula:

2x(10/3, CO/1, P3/3, M3/3)=32

2x(10/4, P3/3, M3/3)=32

+ Temporary (deciduous, milk or baby)
teeth dental formula:

2><(D10/3, DCO/1,DP3/3):20

2x(DI0/4, DP3/3)=20.

Teeth have several surfaces including the
labial surface (toward the lips; Figure 1.13),
the lingual surface (toward the tongue;
Figure 1.15a), the occlusal surface (contact
surface between an upper and lower tooth),
the mesial surface (nearer the center line of
the dental arch; Figure 1.15b), and the dis-
tal surface (further away from the center
line of the dental arch; Figure 1.15b). The
labial surface is mostly convex and the lin-
gual surface is concave (Figure 1.16).

The space that separates the incisors from
the cheek teeth is called the diastema.
The anatomy of ruminant cheek teeth is
similar to that found in horses. Both premo-
lars and molars have a complex, infolded
arrangement of enamel and cementum. In
addition, they have one or two infundibula.
This composition results in an occlusal sur-
face that can withstand the intense grinding
of plant material to which they will be sub-
jected. To account for the inevitable wear,
the cheek teeth are hypsodont in that they
continue to grow in length after eruption.
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(a) Bovine mouth showing internal structures that include the dental pad on the upper jaw and
lower incisor teeth. The dental pad replaces the upper incisors and canine teeth in ruminants. I1 (central or
pincher), 12 (first intermediate), I3 (second intermediate), and 14 (corner incisor) on the left side of the
mandible. (b) Opened mouth of small ruminant showing the dental pad (replaces upper incisors and canines)
and deciduous lower incisors (I1-14): left lateral view. The incisive papilla is a small projection located caudal to
the dental pad where the incisive ducts open on either sides of the papilla. The incisive ducts connect dorsally
with paired vomeronasal organs located above the hard plate on the floor of the nasal cavity. The vomeronasal
organs are olfactory tubular structures that transmit sexual stimuli (pheromones) to the brain. They are
associated with what is known as the Flehmen response. Image modified from free source (wikipedia.org) by
Helena Bowen and Richard Bowen. (c) Occlusal surface of upper premolar and molar teeth. Note that the
upper premolar teeth have a single infundibulum while the molar teeth each have two.

<<

<

Sublingual
caruncles

Deciduous Permanent I1 central
incisor teeth incisor teeth (fully erupted)

Lower bovine jaw showing permanent central incisors (I1) that are fully erupted but not in wear. The
remaining set of incisors (first intermediate [12], second intermdiate [I3], and corner [l4] incisors) are deciduous.
Estimated age of this cow is 24 months (2 years). Note the small size and peg-shaped appearance of decidous
12-14 compared to the broad-shaped appearance of the fully erupted permanent central incisors (11).

This growth does not last as long in cattle
as in horses, but after growth stops, the
cheek teeth are somewhat pushed from
their alveoli. The upper premolar teeth
have a single infundibulum and the molar
teeth each have two. Only the lower molars
have infundibula with each molar having

two. As with horses, there is extensive
cement found above the gum. These fea-
tures result in the occlusal surface having
cement, enamel, and dentine arranged in
intricate patterns. The occlusal surface,
when viewed laterally, appears to have an
interlocking serrated pattern.

The cheek teeth arcade of the upper jaw is
wider than that of the lower jaw (this is called
anisognathia). Engagement of the occlusal
surfaces of the upper and lower cheek teeth
during feed grinding creates sharp edges

over time. The sharp edges will be located on
the lingual surface of lower teeth and on the
labial surface of the upper teeth. Floating (lev-
eling) of teeth sharp edges is performed in
equine practice.
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Lingual edge

Enamel

(white in color)
Not level

Occlusal surface in wear
(exposed yellowish dentin)

(a)

Contact point
between the distal
surface of I1 and
mesial surface of 12

(b)

1.5.1 Definitions and Criteria for Estimating

Box 1.10 i
the Age of Ruminants

The diastema offers a space to make it easy
to pry open the mouth, grasp the tongue,
and pull it sideways for clinical examination
of the teeth or for drenching an animal with
drugs. (Figure 1.13a).

The general criterion for age estimation in
ruminants depends on knowing the approxi-
mate eruption times of deciduous and perma-
nent incisor teeth, and on recognition of wear
changes on the occlusal surfaces of the lower




(a) Bovine lower mandible showing permanent lower incisors that are all fully erupted and in
wear but not level yet. Note the shovel-like appearance of teeth charactersitic of ruminant incisors. The
enamel-dentin junction line on the lingual surface of incisors is serrated or wavy (i.e., not level; see dotted
wavy line on I1). Estimated age of this cow is 5 years. The corner incisors (I4) mandibular canines have fully
developed and their shapes is similar to the other true incisors. Blue arrow denotes the lingual surface. (b)
Permanent incisors in the left half of a lower bovine jaw. All permanent incisors in this mouth are in wear with
11 level. Note the round lingual surface of the central incisor (I1) that indicates leveling. I2-14 are not level and
have wavy or serrated lingual surfaces. The approximate age of this cow is 6 years.

<

<

Labial surface

Lower bovine jaw showing all 8 incisors are permanent and level. Note the round and smooth arc
lines at the enamel-dentin junctions of the lingual surfaces. Estimated age of this cow is above 9 years of age.

permanent incisors (i.e., level and nonlevel inci-
sor teeth).

The determination of age is not an exact sci-
ence. The criteria used for age estimation
depends on expected dates for eruption (typi-
cally, a range for each pair of incisors), and on
the state of wear (level or not level) of the
lower incisors. The types of fodder (soft or
harsh diet), breed (genetics), rate of matura-
tion, and geographic location where an animal
is raised could individually or collectively
influence eruption dates and types of changes
on the occlusal surfaces of incisors.

Before you can successfully estimate cattle
age, you need to understand the meaning of
the terms eruption, wear, and level as
applied to dentition of ruminants.

Eruption means that a tooth has pierced
the gum and is visible above the gum line. For
example, the central permanent incisors (I1)

are typically erupted at 18 months of age
(Figure 1.12).

Wear means that the encasing thin enamel
wears out over time causing visible exposure
of the underlying dentin on the occlusal sur-
face. Initially, the enamel—dentin junction of
the occlusal surface creates a wavy outline on
the caudal (lingual) surface of an incisor
tooth (Figure 1.15a). A permanent tooth with
a wavy appearance on the lingual surface is
described as being not level (Figure 1.15a).

An incisor pair is described as being level
when the enamel—-dentin junction of the lin-
gual surface has turned from jagged (serrated
or wavy) appearance to a smooth, round, or
arc appearance (Figures 1.15b and 1.16).

The meaning of the term level in dentition
of ruminants is different from that used in
equine dentition. In equine dentition, the
term level means that the enamel of the



infundibulum (cup) and surface enamel are
separated by dentin.

The dentition of small ruminants generally
resembles that of cattle. The teeth of sheep
are often exposed to very rough wear.

Several “lay” terms are used to described old
cattle. For example, a cow that has lost some
incisors is described as “broken mouth.” An
animal with a significant teeth wear in which
the incisor teeth became shorter and smoother
than when fully erupted is described as “short
mouth.” Additionally, an animal with all of
the incisors missing or completely worn down
smooth to the gum line is described as
“smooth mouth.” Usually by 15 years some
teeth may have fallen out and the rest may
stand out as thin rods or pegs.

An animal that lacks noticeable teeth prob-
lems, with no broken or missing teeth is
described as “solid mouth.”

Read the following section and study features
of the teeth on Figures 1.12, 1.14, 1.15, and

1.16. Use the information in Tables 1.2, 1.3,
1.4, and 1.5 to practice the art of aging in
ruminants.

First, decide if the incisor teeth present are
all deciduous, all permanent, or a combi-
nation of permanent and deciduous.
Deciduous incisors are generally smaller,
whiter, narrower, and more triangular
than permanent incisors (Figure 1.12).
Permanent incisors are larger, less trian-
gular, and darker in color, with varying
shades of yellow (stained) than deciduous
teeth (Figure 1.14).

When only deciduous incisors are pre-
sent, the eruption of deciduous incisor
teeth generally varies. According to the US
Food Safety and Inspection Service (FSIS),
about 75% of well-bred calves have all
deciduous incisors erupted at birth. On
average, deciduous incisors erupt between
birth to 2 weeks of age (Figure 1.12).
Replacement of deciduous incisors with
permanent teeth typically begins at about
18 months of age when the central

Eruption times and wear of permanent teeth in cattle. Use eruption times, wear, and leveling
of incisors for age estimation. [1-14 are said to be “level”at 6, 7, 8, and 9 years, respectively (Table 1.3).
The lower range in eruption times represents the earliest period for eruption to happen while the upper range
represents the latest time for eruption to occur. Table 1.5 shows a schema on how to remember eruption times

of permanent incisors.

Teeth Eruption times

Permanent incisors

11 (central)

Wear (but not level) times

12 (first intermediate)

13 (second intermediate)
14 (corner incisor or canine)
Permanent premolars
P2 (premolar 2)

P3 (premolar 3)

P4 (premolar 4)
Permanent molars

M1 (molar 1)

M2 (molar 2)

M3 (molar 3)

18-24 months (1%-2 years)
24-30 months (2-2% years)
36-42 months (3—3% years)
42-48 months (3%—4 years)

24-30 months (2—2% years)

18-30 months (1%—2% years)

30-36 months (21-3 years)

6 months
12-18 months (1-1% years)
24-30 months (2—2% years)

24-30 months (2—-2% years)
30-36 months (21%-3 years)
42 months (3% years)

60 months (5 years)

Not applicable



Leveling times of permanent incisors
in cattle starts from central (11) out to the corner (14)

incisors, respectively.

Incisor pair that are level

11 (central)
12 (first intermediate)

13 (second intermediate)

14 (C) (corner incisor or canine

Leveling in years

6
7
8
9

permanent incisors (I1) erupt. Cattle hav-
ing only erupted and fully developed
deciduous teeth are estimated to be less
than 18 months of age.

Cattle with permanent incisors. As an ani-
mal ages, permanent incisors erupt sequen-
tially from rostral to caudal replacing their
corresponding deciduous incisors (I1-14,
centrals out to the corners; see eruption
times in Table 1.2). The latest eruption time

Eruption of permanent and deciduous teeth in goats and sheep. As a general rule, estimation
of eruption times of permanent incisors in small ruminants is derived by subtraction of 6 months
from the eruption times of permanent incisors in cattle except for I1 (Table 1.2). The eruption time for 11 is
similar in cattle and small ruminants (i.e., 18 months).

Teeth

Permanent incisors

11 (central)

12 (first intermediate)

13 (second intermediate)
14 (corner incisor or canine)
Permanent premolars
P2 (premolar 2)

P3 (premolar 3)

P 4 (premolar 4)
Permanent molars

M1 (molar 1)

M2 (molar 2)

M3 (molar 3)

Eruption times of permanent teeth

12—-18 months (1-1% years)
18—24 months
30-36 months
36-48 months (3—4 years)

(
(1%—2years)
(2%-3 years)
(

18-24 months (1%-2 years)

18-24 months (1%-2 years)
18-24 months (1%-2 years)

3 (3—4) months
9 (8-10) months

18 (18—24) months (1%-2 years)

Eruption times of deciduous teeth

At birth
At birth
At birth
Birth or (1-3 weeks)

Birth—4 weeks (3 weeks)
Birth—4 weeks (3 weeks)

Birth—4 weeks (3 weeks)

Not present
Not present
Not present

Schema for remembering eruption times of permanent incisors in cattle and small ruminants
in months. List incisors (11-14) in column A. Next, write the numbers 1 to 4 (from top to bottom) in the left half
of column B. In the right half of column B, write the numbers 5 to 8 (from bottom to top). The two-digit
numbers created across the rows in column B translates into eruption times for 11, 12, 13, and 14 in cattle,
respectively. For estimation of age in small ruminants, subtract 6 months from cattle numbers except for I1.
The eruption time for I1 is similar in cattle and small ruminants (i.e., 18 months). C, canine; |, incisor.

A. Incisor number and name

11 (central)
12 (first intermediate)

13 (second intermediate)

14 (C) (corner incisor or canine)

B. Bovine: eruption times of

C. Goat and sheep: eruption times of

permanent incisors (months) permanent incisors (months)
11 8 18
2 27 -6=21
36 -6=30
4 15 45 -6 =39



for eruption of permanent 14 (corner inci-
sors) is 48 months (~4 years). It may take an
additional 12 months for cattle to have fully
erupted, fully developed, permanent inci-
sors that have some type of wear but not
level (Figure 1.15a). Therefore, an animal
with all fully erupted permanent but non-
level incisors (i.e., adult teeth) should be
estimated at around 5 years of age (Figure
1.15a). Beyond 5 years of age, the degree of
wear on the occlusal surface of incisors
(leveling) can be used as guidance for age
estimation. Leveling is bound to occur at
mostly predictable times for 11, 12, 13, and
14, respectively (Table 1.3).
At 4 years of age, all permanent teeth (inci-
sors, premolars, and molars) are erupted.
When these teeth are fully erupted and
fully developed the animal is referred to as
having a “full mouth.”
Estimation of age in cattle beyond 5 years
of age depends on leveling criteria, as
defined earlier. In a scenario where you
have decided that the animal age is over 5
years of age (fully erupted permanent inci-
sors with visible wear on all of the occlusal
surfaces), then you should determine if
any of the permanent incisors are level.
11, 12, I3, and I4 are said to be level at
approximately 6, 7, 8, and 9 years, respec-
tively (Figure 1.16 and Table 1.3). As
defined earlier, leveling means that an inci-
sor pair is worn down so that the enamel—
dentin junction line on lingual surface is
smoothly curved.
Estimation of age in cattle beyond leveling
(i.e., over 9 years of age) is guesswork. The
following information can be used as a
rough guide but it is less reliable.
11,12,13 are “pegs” and I4islevel 10—12 years
(“short mouth”)
All incisors are small and rounded pegs
15 years
Mixture of missing and small rounded pegs
More than 15 years
Age estimation of goats and sheep with per-
manent incisors. Generally, eruption of per-
manent incisors in goats is 6 months earlier
than the eruption dates for cattle (Table 1.4).

Suggestion of how to remember eruption
times of permanent incisors. A relatively
easy way to remember approximate erup-
tion dates in “months” is presented in
Table 1.5.

Goal: Identify the bony components for
each joint using an articulated skeleton.
You do not need to dissect the joints of the
head on your specimen.

The joints of the head include the temporo-
mandibular joint (TM]) (Figure 1.3), the
atlanto-occipital (AO) and mandibular sym-
physis (Figure 1.8b). The TMJ and AO are
condylar synovial joints. The mandibular
symphysis is fibrous. Review the features of
these joints on the skeleton.

The TM] is a synovial articulation between
the obliquely oriented condylar process of
the mandible and the mandibular fossa of the
squamous temporal bone (Figure 1.3). The
joint has a fibrocartilaginous disc that com-
pensates for irregularities of articular surfaces.
The articular disc divides the joint cavity into
dorsal and ventral compartments. The general
location of the joint in the live animal can be
estimated as mid-way point on an imaginary
line between the base of ear and the ipsilateral
lateral canthus of the eye.

The AO is a synovial joint between the cra-
nial articular foveae of the atlas (C1 vertebra)
and the occipital condyles on the skull.

The mandibular symphysis is a fibrous joint
between the rostral ends of the contralateral
mandibles (Figure 1.8b). In cattle, this joint
ossifies later in life and is much weaker than
that of the horse.



Box 1.11

The atlantooccipital (AO) joint capsule is a
site for collection of CSF. The joint is punc-
tured between the dorsal arch of the atlas
and dorsal aspect of foramen magnum
using a long spinal needle.

1.6.4 Vertebral Joints

For most vertebral articulations caudal to the
axis (C2), there are two types of joints: (i) fibro-
cartilaginous joint between two successive
vertebral bodies, and (ii) plane (flat) synovial
joint between cranial and caudal articular pro-
cesses of two successive vertebrae.

An intervertebral disc bridges the gaps
between vertebral bodies. The intervertebral
disc is composed of two parts: an outer
annulus (or anulus) fibrosus and a central
nucleus pulpous.

Box 1.12

The term spinal (vertebral) spondylopathy is
defined as any vertebral disease such as
osteomyelitis, spinal abscessation, and
ankyloses (spondylosis). Trauma in young
calves could cause intervertebral disease in

the thoracolumbar region.

Superficial temporal a. and v.

Auriculopalpebral n.
Great auricular n.

Parotid gland

Sternomandibularis m.
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1.7 Muscles of the Head

Goal: Identify major muscle groups based
on their function (e.g., muscles of facial
expression or muscles of mastication).
Know the innervation of each muscle group
and the clinical signs associated with motor
nerve damage to any of the specific muscle
groups.

Understand that the muscles of the head
receive more attention in the dog and horse
than in ruminants. It may be sufficient to
identify the superficial muscles of the head in
ruminants and understand the major groups
and their innervation.

Based on your prior knowledge, your instruc-
tor will decide which head muscles you would
need to dissect. In our program at Auburn
College of Veterinary Medicine, we require that
students identify only two head muscles. The
first is the sternomandibularis muscle in the
ox, which is also known as sternozygomaticus
in the goat. This is a neck muscle that originates
from the manubrium of the sternum and
attaches on the mandible (bovine) or the zygo-
matic arch (goat) (Figures 1.17 and 1.18). The
sternomandibularis is absent in sheep.

The second muscle is the masseter, a mus-
cle of mastication (Figure 1.17).

Cornual a. and n.

Dorsal buccal
branch of
the facial n.

Cutaneus
faciei m.
(reflected)

Parotid duct, ventral buccal branch of facial n. Facial a. and v.

Figure 1.17 Dissection of superficial structures of the bovine head: lateral view. Note that the cutaneus faciei
muscle is reflected dorsally to uncover facial vessels (artery and vein), nerves, and the parotid duct.
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Box 1.13

The sternomandibularis muscle in cattle (ster-
nozygomaticus in goats) forms the ventral
boundaries of the jugular groove for the
external jugular vein. The external jugular vein
is used as prime site for venipuncture in rumi-
nants. This muscle is absent in sheep, making
the ovine jugular groove less distinct.

Superficial temporal a.

Auriculopalpebral n.

Parotid
salivary
gland

Great
auricular n.

Sternozygomaticus m.

Zygomaticoauricularis m.

Partidoauricularis m.

Cutaneus fasciei m.

Cornual n. and a.

Frontalis m.

To study the muscles of the head, under-
stand that these muscles are broadly similar
in goats and cattle and any variation does not
merit attention. With the help of Figures 1.17
and 1.18, identify the muscles listed on your
lab ID list.

After removal of the skin and the cutaneus
faciei muscle, the majority of superficial
muscles of the head will be identified on the

Infratrochlearn.  Transverse facial a.

Dorsal
buccal
branches of
the facial n.

Facial v., parotid duct, ventral buccal branch of facial n.

(@)

Levator nasolabialis m.

Orbicularis oculi m.
Malaris m.
Levator labii superioris m.

Orbicularis oris m.

Zygomaticus m.

(b)

Figure 1.18 (a) Superficial structures of goat head: lateral view. Note the distinct tendon of the
sternozygomaticus muscle inserting on the zygomatic arch. (b,c) Selected superficial muscles of the bovine
(b) and caprine (c) heads.



Masseter m.

()

Figure 1.18 (Continued)

lateral view. Few muscles will be identified on
the medial (sagittal) view.

Like those of the horse, the muscles of the
head in ruminants can be broadly divided
into eight groups:

1) Cutaneous muscles

2) Muscles of facial expression
3) Muscles of mastication

4) Pharyngeal muscles

5) Laryngeal muscles

6) Hyoid muscles

7) Lingual muscles, and

8) Extraocular muscles.

To save time and focus on clinically impor-
tant muscle groups, we suggest identifying
the muscles listed on your lab ID list. If you
studied the horse or dog head muscles, you
should be familiar with the nomenclature and
muscle groups in ruminants. There follows a
brief discussion of the head muscle groups.
Most of these muscles will not be dissected
but you should understand the innervation
and action of muscles of facial expression,

1 The Head, Neck, and Vertebral Column

Orbicularis oculim. Sternozygomaticus m. (reflected dorsally)

Levator labii superioris m.

Platysma

muscles of mastication, laryngeal and phar-
yngeal muscles.
1.7.1 Cutaneous Muscles

Goal: Identify the cutaneus faciei in cattle
and platysma in goats.

The major cutaneous muscles of the head are
the cutaneus faciei in cattle (Figures 1.17
and 1.18b), and the platysma muscle in goats
and sheep (Figure 1.18c).

The cutaneus faciei muscle in cattle
twitches the skin around the face. It is present
in the horse and is equivalent to the facial part
of the platysma in dog and small ruminants.

The cutaneus faciei originates from the fascia
around the lateral mandible and blends with the
orbicularis oris muscle (the orbicularis oris is a
muscle of facial expression around the mouth).

Remove the cutaneous muscles of the head
and superficial fascia to trace the more
important superficial structures of the head
(e.g., salivary glands, lymph nodes, nerves,
and blood vessels).
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Goal: Know innervation for the muscles
of facial expression. Identify the orbicula-
ris oculi only.

The muscles of facial expression are also
known as mimetic muscles. They are respon-
sible for closing of the eyelids and mouth and
for movements of the lips, nose, and ears.
Motor branches from the facial nerve (CN
VII) innervate them.

There are several muscles in this category
(Figure 1.18b,c). However, the most important
superficial mimetic muscles include orbicula-
ris oculi (closes the eyelids), frontalis (ele-
vates the upper eye lid), malaris (depresses
the lower eyelid and helps in widening the pal-
pebral fissure), buccinator (forms the founda-
tion of the cheek), orbicularis oris (surrounds
the mouth), levator nasolabialis and levator
labii superioris muscles (elevate the nose
and upper lip), and depressor labii inferioris
(depresses the lower lip). There is no need to
identify these muscles.

Goal: Know innervation for the muscles
of mastication. Identify the masseter mus-
cle only. If need be, the rest of the mastica-
tion muscles could be studied in prosected
specimens.

The muscles of mastication (or masticatory
muscles) assist with chewing food (opening
and closing the jaws). They include masse-
ter, temporal, digastricus, medial and lat-
eral pterygoid muscles.

The muscles of mastication in the horse are
like those of the bovine with minor differences
in shape and size (e.g., digastricus has three
parts in the horse but two parts in cattle).

Muscular motor branches of the mandibu-
lar nerve (subdivision of the trigeminal nerve,
CN V) innervate muscles of mastication.

The digastricus muscle opens the jaw, and
therest of the mastication muscles (temporalis,

masseter, medial and lateral pterygoids) close
the jaw.

Use a cow skull and mandible to identify
the general location of the muscles of masti-
cation. Identify the masseter muscle on your
specimen.

The masseter muscle covers the ramus and
caudal body of the mandible. It originates
from the zygomatic arch and facial tuberosity
and inserts on the ramus of the mandible
(Figure 1.17).

The temporal muscle (or temporalis) is
indistinct in ruminants when compared with
that of the horse and dog. It is deeply located
in the laterally located temporal fossa of the
skull (Figure 1.4). Thin rostral auricular mus-
cles cover the temporal muscle. The rostral
auricular muscles are thin and belong to the
muscles of facial expression.

The digastricus muscle has caudal and ros-
tral bellies in the dog. In the horse, it has an
occipitomandibular part in addition to the
rostral and caudal bellies. In ruminants, the
digastricus is considered to have one part
because the tendinous separation between the
rostral and caudal bellies is indistinct.
Additionally, the left and right muscles are
connected across the intermandibular fossa.
The digastricus muscle originates from the
paracondylar process of the occipital bone
(Figure 1.6) and inserts on the caudomedial
surface of the mandible. There is no need to
dissect it.

The medial and lateral pterygoid mus-
cles occupy the pterygopalatine fossa deep to
the zygomatic arch. There is no need for dis-
section of the pterygoid muscles.

Goal: Know nomenclature and function
of pharyngeal muscles. Pharyngeal mus-
cles are studied in details in small animals
(dogs and cats). They will not be covered
in detail or dissected here. There follows
a brief synopsis of their nomenclature
and innervation. There is no need to
identify them.



1.7.4.1
Muscles
The prefix in the name of a pharyngeal muscle
indicates its origin, which could either be a
laryngeal cartilage or bone of the hyoid appa-
ratus (crico-, thyro-, hyo-, or stylo-). The
suffix is always the word -pharyngeus for all
of the pharyngeal muscles.

The pharyngeal muscles of interest include
cricopharyngeus, thyropharyngeus,
hyopharyngeus, and stylopharyngeus. These
muscles can be identified as one group on the
dorsolateral surface of the esophagus.

The pharyngeal muscles originate from the
laryngeal cartilages and from the hyoid appa-
ratus. They assist with food swallowing
(deglutition). The left and right muscles insert
on the median dorsal wall of the esophagus.
Collectively, they act as an upper esophageal
sphincter to propel the food down the esoph-
agus. The pharyngeal muscles contract en
masse.

Branches from cranial nerves IX (glos-
sopharyngeal) and X (vagus) supply the
pharyngeal muscles.

Nomenclature of Pharyngeal

Goal: Know the function and innervation
of the cricoarytenoideus dorsalis muscle
only. There is no need to dissect the laryn-
geal muscles.

The muscles of the larynx are divided into (i)
intrinsic laryngeal muscles which connect
various cartilages of the larynx, and (ii)
extrinsic laryngeal muscles which connect
the sternum with the thyroid cartilage or the
thyroid cartilage with the hyoid apparatus.
These muscles are studied more extensively
in the horse and dog. They will not be
dissected.

The first (intrinsic) group includes the cri-
coarytenoideus dorsalis, cricothyroideus,
and thyroarytenoideus muscles. The thy-
roarytenoideus muscle is located deep to the
lamina of the thyroid cartilage. Therefore the
lamina of the thyroid cartilage should be

reflected or fenestrated to uncover the thy-
roarytenoideus muscle. The thyroarytenoi-
deus has two parts: the vocalis muscle rostrally,
and the ventricularis muscle caudally.

The cricoarytenoideus dorsalis is the
only intrinsic laryngeal muscle that dilates
the glottis; the rest of the intrinsic laryngeal
muscles close the glottis.

The second (extrinsic) group includes a
long thin sternothyroideus muscle that
spans the distance between the sternum
(manubrium) and thyroid cartilage, and the
short thyrohyoideus muscles between the
lateral surface of the thyroid cartilage and
thyrohyoid bone of the hyoid apparatus.

The caudal (recurrent) laryngeal nerve
innervates all of the laryngeal muscles except
the cricothyroideus muscle. The cranial
laryngeal nerve, a branch of the vagus nerve
(CN X), innervates the latter.

Goal: There is no need to dissect the
hyoid muscles. Your instructor may pre-
pare a prosected specimen for identifica-
tion of the superficial hyoid muscles.

The hyoid muscles are attached to bones of
the hyoid apparatus. There are several mus-
cles in this group. All of the hyoid muscles
are of minor significance and will not be
dissected.

Identify the most superficial hyoid muscles
including the mylohyoideus, geniohyoi-
deus, and thyrohyoideus muscles.

The long hyoid muscles, the omohyoideus
and sternohyoideus, have their origin from
the shoulder and sternum, respectively. They
are located below the trachea.

Goal: Know the function and innervation
of the lingual muscles. There is no need to
dissect them.



The lingual muscles are divided into
intrinsic lingual muscles (form the sub-
stance of the tongue) and extrinsic lingual
muscles (move the tongue).

The lingual muscles receive more atten-
tion in the study of the dog anatomy. They
are innervated by the hypoglossal nerve
(CN XII).

Goal: Identify the action and innervation of
the extraocular muscles but there is no need
for their dissection. If needed, your instruc-
tor will prepare a prosected specimen.

The extraocular muscles move the eyeball.
They are similar among domestic animals.
There are seven extraocular muscles. Four
rectus muscles (dorsal, ventral, lateral, and
medial), two oblique muscles (ventral and
dorsal oblique), and one retractor muscle
(retractor bulbi). The action of the extraoc-
ular muscles is synonymous with their
names. They are innervated by several cra-
nial nerves.

A thin levator palpebrae superioris is
located on the dorsal surface of the dorsal
rectus muscle. It is not part of the extraocular
muscles because it inserts on the superior
eyelid. The action of the levator palpebrae
superioris muscle is synonymous with its
name, in that it elevates the upper eyelid.

The oculomotor nerve (CN III) inner-
vates five muscles. They include all rectus
muscles except the lateral rectus muscle. In
addition, it innervates the ventral oblique
muscle and levator palpebrae superioris.

The abducent nerve (CN VI) innervates
two muscles: the lateral rectus and retractor
bulbi muscles.

The trochlear nerve (CN IV) innervates
one muscle: the dorsal oblique muscle.

A thin connective tissue sheet known as
the periorbita envelops the extraocular
muscles.

The action and innervation of the extraocu-
lar muscles are more clinically important in
dogs and horses, especially when conducting

cranial nerve examination. The anatomy of the
eye muscles is similar to that of the horse. (For
a more detailed description of eye muscles see
M. Mansour, J. Steiss, and R. Wilhite Equine
Anatomy Guide: The Head and Neck: 2016.)

Dissection of the extraocular muscles is
time-consuming because of their deep loca-
tion within the orbit and deep to the zygo-
matic arch. In general, the extraocular
muscles are not clinically important in rumi-
nants; we recommend that students become
familiar with their innervation and general
area of location. If needed, a prosected speci-
men can be used to demonstrate their
location.

Goal: Identify some of the major branches
of the common carotid artery including
the facial artery in cattle, the transverse
facial artery in goat, and the superficial
temporal and cornual arteries in both cat-
tle and goats. Unlike in other domestic
animals, the internal carotid artery is
much modified in ruminants. Of the veins
of the head, identify the external jugular,
maxillary, linguofacial, facial, and frontal
veins. Note that the facial artery is absent
in small ruminants where the lingual
artery is the direct branch off the external
carotid artery. At the end of this unit
watch videos 6 and 7.

1.8.1.1 Arteries of the Head
Only clinically important arteries of the head
and neck are discussed here.

Study arteries of the head on a bovine head
cut off the neck. The head can be split into
equal halves along the midline. Use one side
for blood vessels and nerves. With help of
Figure 1.19(a), skin the head and carefully
reflect the cutaneous muscles of the head.
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Parotid lymph node

Dorsal
buccal br. of
the facial n.

Cutaneus
faciei m.
(reflected)

Parotid duct, ventral buccal branch of facial n. Facial a. and v.

Cornual a. and n.

Superficial
temporal a. and v.

Parotid salivary
gland

(@)

Temporal line

(b)

Figure 1.19 (a) Bovine head: lateral view. The cutaneus faciei muscle is reflected cranially to uncover the
superficial vessels and nerves of the bovine head. The parotidoauricularis muscle that covers the parotid
salivary gland is removed. (b) Bovine head: lateral view. Close-up view of the superficial temporal artery and
vein, and cornual artery and nerve. In dehorning operations, the cornual nerve is blocked along the bony
temporal line. The cornual artery is a branch of the superficial temporal artery.

Branches of the common carotid artery
supply the head. Identify bilaterally located
common carotid arteries located within the
carotid sheath. The carotid sheath is found
close to the esophagus in the visceral space of
the neck.

Branches of the common carotid artery in
ruminants are similar to other domestic ani-

mals. The regression of the internal carotid
artery in ruminants after birth is one excep-
tion. The internal carotid artery supplies the
brain in other species. In ruminants, the brain
is supplied by branches from the maxillary
and occipital arteries forming a complex net-
work of fine arteries known as the rete mira-
bile. The rete mirabile will not be dissected.
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In the bovine head, follow the external
carotid artery which serves as the major cra-
nial continuation branch of the common
carotid artery beyond the occipital artery. It
gives off several branches that include the lin-
guofacial trunk (gives the lingual and facial
arteries), caudal auricular, and superficial
temporal arteries. It continues as maxillary
artery to supply the deep structures of the
head. The maxillary artery gives several deep
branches that are of no clinical value and
should not be dissected.

The most clinically important arteries in
ruminants that you should identify are the
cornual artery (Figure 1.19b) that supplies
the horns in the ox, buck, and ram; the facial
artery (Figure 1.19b) in cattle (absent in small
ruminants); and the transverse facial artery
in goats (Figure 1.20). Identify the facial artery
running along the ventral border of the mas-
seter muscle accompanied by the ventral buc-
cal branch of the facial nerve, facial vein, and
parotid duct (Figure 1.19a).

The cornual artery is a branch of the super-
ficial temporal artery (Figures 1.17, 1.18,
and 1.19a,b). Note the clinical significance of
the cornual artery (Box 1.14).

The cornual artery, a branch of the superfi-
cial temporal artery, should be ligated or
clamped at its origin to prevent bleeding in
dehorning operations in adult ruminants.

Identify the superficial temporal, cornual,
facial, and transverse facial arteries on lat-
eral views of a goat and cow heads (Figures
1.18a and 1.19a,b).

In goats, the transverse facial artery courses
with the dorsal buccal branch of the facial
nerve. Identify the dorsal buccal nerve and
transverse facial artery as they cross the lateral
surface of the masseter muscle in goats
(Figure 1.18c).

The transverse facial artery is present in
both small ruminants and in cattle. It a
branch of the superficial temporal artery.

Note that the facial artery and transverse
facial arteries are used for pulse evaluation in
cattle and goats, respectively (Box 1.15). The
rostral branches of the facial artery supply
blood to lips and muzzle region. They will
not be discussed.

The facial artery is used for pulse evaluation in
cattle. The artery crosses the ventral border of
the mandible in front of the masseter muscle
accompanied by the facial vein, ventral buccal
branch of the facial nerve, and parotid duct
(Figure 1.19a). The facial artery is absent in

goats and instead the transverse facial artery
serves the role of the facial artery for pulse eval-
uation in goats.

In horses, the facial, masseteric, and
transverse facial arteries are sites for pulse
evaluation.

Dorsal buccal branches of facial n. and
transverse facial a.

Infratrochlear n.
Cornual n. and a.

Auriculopalpebral . I

Superficial temporal a. | e .
Parotid lymph node ISR o

Parotid salivary gland

External jugular v.

Sternozygomaticus m.
(reflected)

Facial v., parotid duct, ventral buccal
branch of fascial n.

Caprine head: lateral view. Parotid gland, parotid lymph node, vessels and nerves of the goat head.
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Frontal/supraorbital v.

Dorsal nasal v.

Figure 1.21 Bovine head: dorsal view. The facial vein travels dorsally across the face and gives rise to the
lateral and dorsal nasal veins. The facial vein is continued dorsally by the angularis oculi vein (courses to
medial canthus of the eye) and the frontal vein (courses more dorsally in the supraorbital groove towards the
supraorbital foramen). At the supraorbital foramen, the frontal vein becomes the supraorbital vein. The
supraorbital vein drains into the ophthalmic plexus within the bony orbit.

Named branches from the facial artery
(inferior and superior labial arteries) are
variously distributed in the rostral head
below and above the lips to supply the muz-
zle region (they will not be dissected). A
similar pattern exits for branches of the
facial vein, which is satellite to the facial
artery (Figure 1.21).

1.8.1.2 Veins of the Head

Goal: Identify the external jugular, maxil-
lary, linguofacial, facial, dorsal nasal, angu-
laris oculi, and frontal veins. Know the
clinical significance of the external jugular
and frontal veins.

The superficial veins of the head drain into
the external jugular vein, which carries
venous blood from the head and neck back
toward the right side of the heart. The exter-
nal jugular vein joins other veins at the tho-
racic inlet to form the cranial vena cava. It is
a major site for venipuncture.

Asin other species, the external jugular vein
is formed by confluence of the maxillary and
linguofacial veins (Figure 1.22).

The frontal vein, a large vein, runs in the
supraorbital groove medial to the eye
(Figures 1.1 and 1.2). It is clinically impor-
tant in cattle and must be avoided when sur-
gically entering the rostral frontal sinus.
The frontal vein is continued rostrally by
the angularis vein (passes to the medial can-
thus of the eye) and caudally by the supraor-
bital vein (passes through the supraorbital
foramen to join the ophthalmic plexuses
within the orbit of the eye).

Identify the facial vein and its continua-
tion by the frontal vein over the orbit
(Figure 1.21).

1.8.2 Lymph Nodes of the Head and Neck

Goal: Identify the major lymph nodes of
the head and know which is important in
meat inspection (Figures 1.19, 1.20, 1.22,
and 1.23). Abnormal appearance of lymph
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Parotid salivary gland

Maxillary v.

External
jugular v.

Linguofacial v. Mandibular lymph node Lingual v.

Parotid duct Facial v.

Ventral buccal branch of facial n.

Mandibular salivary gland

Figure 1.22 Right bovine sagittal head and neck section: ventrolateral view. Note that the external jugular
vein is formed by the confluence of the maxillary and linguofacial veins.

Parotid salivary
gland

Sternozygomaticus m. Parotid duct

Facial v.

Mandibular

salivary gland

Mandibular
lymph node

Ventral buccal br.
of the facial n.

Figure 1.23 Caprine right half head and neck: ventrolateral view. Note that the mandibular salivary gland is
located caudal and medial to the mandibular lymph node.

nodes suggests pathology in the area
drained by those nodes.

The major lymph nodes of the head and neck
are like other domestic animals. They include
(i) parotid, (ii) mandibular, (iii) retropharyn-
geal (medial and lateral retropharyngeal),

and (iv) deep cervical (cranial, middle, and
caudal groups) (Figure 1.24).

Other lymphoid structures include five
tonsils: pharyngeal, palatine, tubal, lingual,
and tonsils of the soft palate.

Identify the medial retropharyngeal lymph
nodes on midsagittal section of the bovine



Lateral retropharyngeal node

Parotid node

Mandibular node

Ox

Deep cervical nodes

Medial retropharyngeal node

Tracheal duct

Superficial cervical
node

Lymphocenters of the bovine head and neck.

head. The parotid, lateral retropharyngeal,
and mandibular lymph nodes should be
identified on lateral and ventral views of the
head with the help of Figures 1.19a, 1.20, 1.22,
and the following description:

Parotid lymph node: located in the rostral
border of the of parotid salivary gland.
Lateral retropharyngeal lymph node:
ventral to the wing of the atlas and medial
to the caudal aspect of the mandibular sali-
vary gland.

Mandibular lymph nodes: 1-3 lymph nodes
that are located rostral and lateral to the man-
dibular salivary glands close to the caudal
angle of the mandible. They are oval in shape.

Lymph is channeled from distinct areas of
the body to a target lymph node (inflow) by
the way of afferent lymphatic vessels. Lymph

vessels leaving lymph nodes (out flow) to join
the next lymph node or vein are known as
efferent lymphatic vessels.

A single or group of lymph nodes form a sin-
gle unit known as a lymphocenter. For exam-
ple, the lateral retropharyngeal lymphocenter
contains one large lymph node. It is the main
collection center for lymph fluid from the entire
head in ruminants. Identify the lateral ret-
ropharyngeal lymph node located on the lateral
head below the wing of the atlas (Figure 1.24).

From the lateral retropharyngeal lympho-
center, the lymph outflow is to the tracheal
lymphatic duct of the neck. The pathway of
the lymph from the tracheal duct is variable
and lymph could be channeled either to the
large veins at the thoracic inlet or directly to
the thoracic duct (the duct will be identified
later with the thorax).

The parotid lymph node is located along the
rostral edge of the parotid salivary gland. It
drains the region of the eye. In cattle, this
node is usually inspected in slaughterhouses
to determine cancer of the eye. The main
lymph collection in the center of the head, the
lateral retropharyngeal, is also inspected to
rule out general head infections.

The medial retropharyngeal lymph node
may become inflamed and could interfere
with swallowing and breathing by causing
compression in the region of the larynx and/
or oropharynx. lIdentify the medial ret-
ropharyngeal lymph node on a medial (sagit-
tal) section of the head.




Goal: Know the nomenclature of cranial
nerves and their broad functions, especially
if you are learning these nerves for the first
time. Identify the cornual nerve (branch of
the maxillary subdivision of the trigeminal
nerve that supplies the horn in the ox (Figure
1.19b); the dorsal and ventral buccal and
the auriculopalpebral nerve branches of
the facial nerve (CN VII). Know the func-
tion and clinical significance of the cornual
nerve (blocked in dehorning operations),
dorsal buccal nerve of CN VII (subject to
injury on lateral recumbency), and auriculo-
palpebral nerve (blocked to prevent blinking
of eye during eye examination).

Twelve (12) pairs of cranial nerves (CNN)
supply the structures of the head. Names and
roman numerals designate these nerves. The
numerals reflect the rostral to caudal sequence
oforiginfromthebrainstem. Parasympathetic
fibers are present in cranial nerves III, VII,
IX, and X.

1.8.3.1
and Their Functions

Below is a brief overview of CNN names and
functions. The formina by which they pass
from the brainstem to outside of the skull are
discussed. Some of the branches that you need
to know are disused with the head or eye.

Olfactory nerve (CN I). The olfactory
nerve conveys the sense of smell. Its fibers
pass from the olfactory mucosa on the
ethmoid concha to the olfactory bulb of the
brain through the cribriform plate. There is
no need to identify this nerve.

Optic nerve (CNII). The optic nerve conveys
the special sense of vision. Its fibers pass through
the optic canal. Identify the optic nerve on the
eye ball or section (see section 1.13). On axial
section of the eye the optic nerve is identified as
optic disc (see section 1.13).

Oculomotor nerve (CN III). The oculo-
motor controls eye movement by innervating
four extraocular muscles. The parasympa-
thetic fibers in CN III cause constriction of

Summary of Cranial Nerves

the pupil and control the shape of the lens
(accommodation). The oculomotor nerve
passes through the foramen orbitorotun-
dum. There is no need to identify this nerve.

Trochlear nerve (CN IV). This controls eye
movement by suppling one extraocular mus-
cle (dorsal oblique muscle). It passes through
the foramen orbitorotundum. There is no
need to identify this nerve.

Trigeminal nerve (CN V). The trigeminal
nerve has three branches that include two
sensory divisions (maxillary [V1] and oph-
thalmic [V2] nerves), and one division that
has both sensory and motor fibers (mandib-
ular nerve [V3]). Overall, the trigeminal sub-
divisions convey the sense of touch, pain, and
temperature (hot and cold). The mandibular
subdivision of the trigeminal nerve inner-
vates muscles of mastication.

All the trigeminal nerve divisions, except
the mandibular division, pass through the
foramen orbitorotundum. Several branches
of the trigeminal nerve pass out of the skull
to receive sensation from the surface of the
head. Identify the location of the supraorbi-
tal, infraorbital, and mental nerves and
know their functions.

Abducent nerve (CN VI). The abducent
nerve controls eye movement by innervating
two extraocular muscles (lateral rectus and
retractor bulbi muscles). It passes through
the foramen orbitorotundum. No need to
identify this nerve.

Facial nerve (CN VII). The facial nerve
supplies motor innervation to the muscles of
facial expression. It has parasympathetic
components that regulate tear and saliva
production. It supplies salivary glands, lacri-
mal glands, and secretion in the nasal cavity.
It also conveys taste sensations from the ros-
tral two-thirds of the tongue.

Individual branches of the facial nerve that
are of clinical interest include the dorsal and
ventral buccal branches which supply most
muscles of facial expression, the auriculo-
palpebral nerve that controls movement of
the ear (auricular muscles) and closing and
opening of the palpebral fissure (orbicularis
oculi muscle). The facial nerve passes out of



the skull through the stylomastoid foramen.
Identify the buccal branches and auriculo-
palpebral nerve (Figures 1.19a and 1.20).

Vestibulocochlear nerve (CN VIII). The
vestibulocochlear nerve conveys the special
sense of hearing and balance. There is no
need to identify this nerve.

Glossopharyngeal nerve (CN IX). The
glossopharyngeal nerve, as its name suggests,
is related to the tongue and the pharynx. It
innervates the pharyngeal muscles and phar-
yngeal mucosa. The parasympathetic compo-
nent in the CN IX carries the special sense of
taste from the caudal third of the tongue. It
also regulates saliva production along with the
facial nerve.

The glossopharyngeal nerve exists the
brainstem through the jugular foramen.
There is no need to identify this nerve.

Vagus nerve (CN X). The vagus nerve is
the longest of the cranial nerves and is known
as the “wonderer” nerve because it supplies
vast areas of the body from the head to cau-
dal abdomen. It regulates movement (peri-
stalsis) and general sensation of the viscera in
the thorax and abdomen. In the cranial
region of the body, it innervates some of the
pharyngeal muscles and pharyngeal mucosa
along with the glossopharyngeal nerve. The
vagus nerve slows the heart rhythm. In the
neck, the vagus nerve is intimately associated
with the sympathetic trunk. It is known as
vagosympathetic trunk. Identity the vago-
sympathetic trunk in the neck region (see
section 1.15.2. The branches of the vagus will
be discussed with the thoracic cavity.

Motor branches of the vagus, the recur-
rent laryngeal (caudal laryngeal) and cra-
nial laryngeal nerves, supply the laryngeal
muscles.

The vagus nerve passes through the jugu-
lar foramen.

Accessory nerve (CN XI). The accessory
nerve innervates some muscles of the neck,
including the trapezius muscle located over
the dorsal border of the scapula (see sec-
tion 1.15.1). The accessory nerve controls
movement of the head and shoulder. It has
dorsal and ventral branches.

Identify the dorsal branch of the accessory
nerve passing to the deep (medial) surface of
the trapezius muscle (see section 1.15.2).

The accessory nerve passes through the
jugular foramen.

Hypoglossal nerve (CN XII). The hypo-
glossal nerve controls movement of the
tongue. Its somatic motor fibers innervate
the intrinsic and extrinsic muscles of the
tongue. The hypoglossal nerve exits the skull
through the hypoglossal canal.

Examination of specific cranial nerves is
more important in small animals (dogs and
cats) and in horses. It does not often have
practical application in ruminants. However,
regional nerve blocks on the head have
important clinical utility in cattle (anesthesia
in dehorning operations, eye removal, eye
examination, and suturing of lacerations on
the muzzle region).

The most important superficial nerves of
the head include branches of the facial nerve
(CN VII), and the trigeminal nerve (CN V).
Identify the auriculopalpebral, dorsal, and
ventral buccal branches of the facial
nerve, cornual nerve (branch of maxillary
subdivision (V1) of the trigeminal), the
infraorbital nerve (continuation of the
maxillary division of the trigeminal nerve),
and mental nerve (continuation of inferior
alveolar nerve). The inferior alveolar nerve
itself is a branch of the mandibular division
of the trigeminal nerve (V2).

Note the course of the ventral buccal nerve
along the ventral edge of the masseter muscle
and body of the mandible (Figures 1.19a and
1.20). Compare this location with the loca-
tion of the dorsal buccal branch. The ventral
buccal branch is reasonably more protected
by the medial edge of the body of the mandi-
ble, and the ventral and rostral edges of the
masseter muscle.

The course of the ventral buccal branch
of the facial nerve in ruminants is different
from that in the horse and dog. In the latter
species, the dorsal and ventral buccal
branches of the facial nerve cross the lat-
eral surface of the masseter muscle, mak-
ing the dorsal and ventral buccal branches



of the facial nerve equally vulnerable to
compression forces (e.g., in lateral recum-
bency during general anesthesia). In rumi-

nants, only the dorsal buccal branch is
vulnerable to damage from prolonged lat-
eral recumbency.

Cranial nerve damage can be manifested
in different clinical presentations depend-
ing on the functions of the cranial nerve
involved.

The dorsal buccal branch of the facial nerve
(CN VII) for example is vulnerable to damage
in lateral recumbency during general anes-
thesia when the head is not properly padded.

In cattle, physical restraint and local anesthe-
sia are used as a safe alternative to general
anesthesia when performing surgical proce-
dures on the head. Examples of these proce-
dures include dehorning and eye removal.

In dehorning operations, the following
nerves are blocked in cattle and goats

The cornual nerve (arises from the zygoma-
ticotemporal nerve, a branch of the maxil-
lary division of the trigeminal nerve [CN V])
is blocked midway along the temporal line
between the lateral canthus of the eye and
the lateral base of the horn (Figure 1.19b).
The great auricular nerve (branch of the
2nd cervical nerve [C2]) is blocked between
the horn and the base of the ear or by ring
block around the base of the horn.

In addition to the cornual and great auric-
ular nerves, the infratrochlear nerve
(branch of the ophthalmic division of the
trigeminal nerve) is blocked mid-way
between the medial canthus of the eye and
medial base of the ear (medial to the cor-
nual nerve block).

Because it is difficult to block all of the
branches of the above three nerves in small

ruminants, general anesthesia is the pre-
ferred option when performing dehorning
in adult goats.

Dehorning in both cattle and goats is best
performed on young animals (1-2 weeks of
age) by removal of the epiceras (germinal
epithelium located at the border of the tiny
cornual process). Cauterization can be used
to remove both the epiceras and scent
glands in male goats. These glands are
located between the horns. They are acti-
vated by testosterone, the male steroid hor-
mone. During the breeding season they
produce strong odor (considered offensive
by owners) that attracts female goats.

Infraorbital nerve block for nasal laceration
or placing of a nose ring in bulls.
Auriculopalpebral nerve block for eye
examination. The auriculopalpebral nerve is
the branch of the facial nerve (CN VII) that
crosses the zygomatic arch to supply the
orbicularis oculi muscle (from the palpebral
branch of the auriculopalpebral nerve). The
auriculopalpebral nerve block is performed
by injection of an anesthetic agent under
the skin midway between the lateral can-
thus of the eye and the base of the ear at
the level of the zygomatic arch.
Enucleation (removal) of the eye is per-
formed by either retrobulbar or Peterson’s




nerve block. Peterson’s nerve block is more
difficult to perform than the retrobulbar
nerve block. It requires familiarity with the
bony prominences at the site of injection.
The landmarks for needle placement are
the angle made by the temporal of the
zygomatic bone and the zygomatic pro-

Optic canal

Foramen
orbitorotundum

Lacrimal bulla

Pterygoid crest

Zygomatic bone,
temporal process

Bovine skull and articulated mandible: caudolateral view. Figure shows the landmarks for
Peterson’s nerve block for enucleation of the eye. The angle formed by the frontal process of the zygomatic
bone and the zygomatic process of the temporal bone is used for anesthetic injection. The ramus of the
mandible (coronoid process) and the pterygoid crest are in the needle pathway and should be avoided.

cess of the squamous temporal bone
(Figure 1.25). The coronoid process and
pterygoid crest could hinder needle place-
ment (review these bony landmarks in
Figure 1.25). More details on how to per-
form retrobulbar nerve blocks are dis-
cussed in Box 1.19.

Frontal bone,
zygomatic process
Coronoid process
__ Zygomatic bone,
frontal process

Temporal bone,
zygomatic process

The retrobulbar nerve block is used as an eas-
ier alternative to the more challenging
Peterson’s nerve block for (i) enucleation of
the eye, or (ii) surgery of the cornea.The aim is
to anesthetize the nerves (cranial nervesllll, IV,
V [V1-2], and VI) coursing to the eye through
the foramen orbitorotundum.

The needle placement for retrobulbar tech-
nique is performed by injecting a local anes-
thetic at four sites behind the globe of eye.
The sites include injections at the medial and
lateral canthi of the eye, and above the supe-
rior and inferior eyelids. Care should be taken
to avoid puncturing the eyeball or damaging
the lacrimal bulla. Fingers could be used to
deflect the globe of the eye away from the tip
of the syringe when advancing the needle.

In Peterson’s eye block in the ox, the local
anesthetic is deposited to anesthetize nerves
exiting the foramen orbitorotundum. Identify

this foramen on the skull. Nerves passing
through foramen orbitorotundum in cow,
sheep, and pig include:



CN III (oculomotor nerve)

CN 1V (trochlear nerve)

CNV (ophthalmic [V-1] and maxillary [V-2]
divisions of trigeminal nerve)

CN VI (abducent nerve).

Goal: Identify the major salivary glands
(parotid, mandibular, and sublingual) and
the course of their ducts. Secretion of
saliva from salivary glands is an important
source of electrolytes (bicarbonates),
mucus, and digestive enzymes. Copious
production of saliva in ruminants is essen-
tial for food fermentation in the forestom-
ach (rumen and reticulum).

The major salivary glands of ruminants are
generally like other domestic animals and
include (i) parotid, (ii) mandibular, and (iii)
sublingual (monostomatic and polystoma-
tic divisions).

Other salivary glands of minor importance
include dorsal, middle, and ventral buccal
salivary glands. There is no need to identify
the buccal salivary glands.

With the help of Figures 1.17, 1.18, 1.22, and
1.23 and the following description, identify
the parotid, mandibular, and monostomatic
sublingual glands. Reflect the parotidoauric-
ularis muscle to expose the parotid salivary
gland. Be careful to preserve the maxillary vein
(located in the gland substance) and facial
nerve deep to the gland.

The parotid salivary gland is located
medial to the thin parotidoauricularis muscle
between the ventral border of the mandible
and the wing of the atlas. It is rectangular in
shape. The parotid duct arises from the ros-
tral border of the gland in small ruminants and
ventrolateral aspect in cattle. It opens in the
upper vestibule of the mouth close to upper
molar 2 (M2) cheek tooth. The duct courses
along the ventral border of the masseter mus-
cle and the body of the mandible before it turns
dorsally on the lateral side of the head.

Identify the parotid duct in the ox coursing
along the ventral and rostral edges of the

masseter muscle accompanied by the facial
vein, facial artery, and ventral buccal branch
of the facial nerve. The parotid gland is rela-
tively smaller than that of the horse (Figures
1.17 and 1.18). In goats, the parotid duct has a
similar course but the facial artery is missing.

The mandibular salivary gland lies in the
caudal border of the mandible and curves ros-
trally into the intermandibular area. The gland
has a crescent shape and is relatively larger
than the parotid salivary gland. Identify the
ventral part of the mandibular salivary gland
in the intermandibular region (Figure 1.23).
Be sure to differentiate between the mandibu-
lar salivary gland and mandibular lymph node.
The dorsal part of the mandibular salivary
gland lies deep to the parotid salivary gland
and wing of the atlas.

The mandibular and monostomatic sublin-
gual ducts open at the sublingual caruncle.
Identify the sublingual caruncle on floor of the
lower jaw of your specimen or on a plastinated
specimen (Figure 1.15).

Goal: Identify the major parts of the phar-
ynx on a median sagittal section of the
head (Figure 1.26).

The pharynx is defined by some anatomists
as the crossing place for food and air. It has
three parts: (i) oropharynx, (ii) nasophar-
ynx, and (iii) laryngopharynx. Identify the
three parts on mid-sagittal section of the
head (Figure 1.26).

The oropharynx extends from the root of the
tongue to the rostral surface of the epiglottic
cartilage (Figure 1.26). It contains the pala-
tine tonsil. It is relatively narrow.

The nasopharynx is located dorsal to the soft
palate (Figure 1.26). It extends from the choa-
nae to the end of the soft palate. It contains the



1 The Head, Neck, and Vertebral Column

Choana Nasopharynx

Nasal septum
(cartilaginous
part)

Oropharynx

Soft palate

Laryngopharynx

Figure 1.26 Bovine median sagittal section of the head passing through the nasal septum. Study the major
regions of the pharynx that include the oropharynx, nasopharynx, and laryngopharynx. The nasal septum has
small caudal bony part, and large cartilaginous rostral part that does not project distal to the choana.

opening of the auditory tube. In ruminants,
the nasopharynx is incompletely divided by a
pharyngeal septum. It contains the pharyn-
geal tonsils and the tubal tonsils in its caudal
region.

1.10.3 Laryngopharynx

The laryngopharynx is located dorsal to the
larynx and joins the esophagus caudally
(Figure 1.26). The lumen of the laryngophar-
ynx is closed by what is clinically known as
the upper esophageal sphincter.

The soft palate continues from the hard
palate caudally. It separates the nasopharynx
dorsally from the oropharynx ventrally. The
free margins of the soft palate form two
mucosal arches:

1) Palatoglossal arch: extends from the lat-
eral margins of the soft palate to the root
of the tongue. Using sagittal section, pull
the tongue towards you to demonstrate
the palatoglossal arch coursing from the
soft palate to the root of the tongue.

2) Palatopharyngeal arch: extends from
the caudal part of the soft palate to fan
over the entrance of the esophagus.

1.11 Tongue

Goal: Identify the torus linguae and lin-
gual fossa on the bovine tongue and know
their clinical significance. Know that the
hypoglossal nerve (CN XII) innervates the
intrinsic and extrinsic muscles of the tongue.
Other cranial nerves of the tongue convey
general sense (trigeminal, CN V and CN IX)
and special sense of taste (facial and glos-
sopharyngeal nerves, CN VII and CN IX).

The tongue is the principal organ of prehen-
sion in cattle. Small ruminants use their lips
for prehension.

The tongue is subject to trauma and lacera-
tion associated with sharp objects or infec-
tious processes. The extrinsic and intrinsic
muscles of the tongue are innervated by the
hypoglossal nerve (CN XII).

The tongue of ruminants has two special fea-
tures of clinical interest. Using Figures 1.27 and
1.28 identify the raised caudal part of the tongue
known as the lingual torus (or torus linguae).
Additionally, a distinct transverse depression
can be seen in the middle of the tongue in front
of the lingual torus. This depression is known as
lingual fossa (or fossa linguae).
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Filiform Fossa Torus Vallate
papillae linguae linguae papillae

Fungiform Buccal ._.Conical Lenticular
papillae conical papillae papillae
papillae

(a)

Dorsal Ventral Middle
nasal nasal nasal
concha concha concha

Ethmoid
concha

Fossa linguae Torus linguae

(b)

Figure 1.27 (a) Bovine tongue. The torus and fossa linguae (lingual torus and lingual fossa) are peculiar
features on the bovine tongue. Note their clinical significance in Box 1.20. (b) Bovine median sagittal section of
the head. The nasal septum has been removed to demonstrate the nasal and ethmoid conchae. The paper-thin
spaces between the nasal conchae (arrows) are the dorsal nasal meatus (1), middle nasal meatus (2), and
ventral nasal meatus (3). A common nasal meatus is the space that communicates with 1-3 meatuses and is
located immediately lateral to the nasal septum and medial to the nasal and ethmoid conchae.

Box 1.20

Food tends to collect in the lingual fossa. The obstacle to passage of a balling gun or cattle

fossa is considered a potential site for harboring mouth Frick speculum. The gun must be care-

microbes. It has a delicate mucosa that can eas- fully passed over the torus linguae before dis-

ily be pierced by sharp contaminated objects. pensing the bolus, otherwise the ball will be
The torus linguae, the concave elevation chewed and spilled out.

at the root of the tongue, can present an
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Frontal sinus: rostral and
caudal compartments

Palatine Fossa Torus Medial
sinus linguae linguae retropharyngeal
lymph node

Figure 1.28 Median sagittal section of the bovine head. Conchae are opened to show the sinusal space within each.

1.12 The Larynx and Hyoid
Apparatus

Goal: Identify bones and cartilages of the
larynx and hyoid apparatus and some of
the associated muscles (cricoarytenoideus
dorsalis) on a sagittal section of the head
or prosected specimen. Compare clinical
significance with the horse and dog.

1.12.1 Larynx

The laryngeal cartilages include the cricoid,
thyroid, arytenoid, and epiglottis from cau-
dal to cranial, respectively (Figure 1.29). They
are generally similar to other species with
slight variations that merit some attention.

A feature of the ruminant thyroid cartilage
relevant in palpation of the larynx is the
prominence at its caudoventral aspect. This
feature is located more cranially in the equine
larynx.

Use a hemi-dissected ox larynx and com-
pare it with that of the horse.

In ruminants, the cuneiform processes of
the arytenoid cartilages are absent but the
corniculate processes are very prominent
wheninspected bylaryngoscope. Additionally,
the aryepiglottic fold curves sharply as it con-
nects the base of the epiglottis to the aryte-
noid cartilage.

On a sagittal section of the larynx, iden-
tify the vocal fold and laryngeal cartilages
(Figure 1.29).

Box 1.21

Anatomy of the larynx is clinically more
important in horses because of a condition
known as laryngeal hemiplegia. Laryngeal
hemiplegia (also called roaring) is mostly
caused by damage to the left recurrent

laryngeal nerve, a branch of the left vagus
nerves. The condition is produced by a
partial paralysis of the intrinsic laryngeal
muscles, especially the cricoarytenoideus
dorsalis muscle.
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Cricoarytenoideus dorsalis m.

Epiglottis Basihyoid

Thyroid Arytenoid Cricoid Trachea

bone cartilage cartilage

Figure 1.29 Bovine median sagittal section of the head. Identify laryngeal cartilages from caudal to rostral.

Neither the vestibular folds nor the lateral
ventricles are present in ruminants.

Be familiar with the term glottis. The glot-
tis is defined as the valvar region that controls
the entrance to the trachea. The vocal pro-
cesses of the arytenoid cartilages, the vocal
folds, and the opening cleft (rima glottidis)
form the glottis. In laryngoscopy, the size of

Tympanohyoid
cartilage

Basihyoid
bone

Thyrohyoid
bone

Ceratohyoid
bone

Figure 1.30 Bones of the bovine hyoid apparatus.

the rima glottidis varies with the stage of res-
piration and abduction of the vocal folds.

1.12.2 Hyoid Apparatus

The bones of the hyoid apparatus are broadly
like those of the horse except for a short lin-
gual process and relatively distinct epihyoid
bone (Figure 1.30).

Stylohyoid
bone

Epihyoid
bone

Lingual process
of the basihyoid
bone



With the help of Figure 1.30, identify the sty-
lohyoid, epihyoid, ceratohyoid, basihyoid,
lingual process of the basihyoid, and thyro-
hyoid bones. All the hyoid bones are paired
except for the basihyoid and lingual process.

The thyrohyoid bone articulates with the ros-
tral cornu of the thyroid cartilage of the larynx.

Goal: Identify the major structures and lay-
ers of the eyeball. Keep in mind the impor-
tance of the parotid lymph node in
diagnosing cancers of the eye in cattle. If you
have studied the anatomy of the eye before,
your instructor may opt for omitting the eye
from your syllabus. The anatomy of the eye
is best studied on prosected specimens
using a fresh and/or fixed cow eyeball.

Understand that the anatomy of the eye is
clinically more important in small animals
and in equine practice.

The eye in ruminants is located within a
complete bony orbit. This is similar to the
horse but different from the dog where the
orbit rim is incomplete. A dense collagenous
orbital ligament bridges the gap.

Ocular disorders are common in cattle and
can be a result of nutritional, congenital,
infectious, traumatic, or neoplastic factors.

Because the dissection of the eye is typically
covered in equine anatomy and anatomy of
small animals, the structures of the eye are
not included in your lab ID of the head.
Nevertheless, we have included the most sali-
ent information here. Identify the structures
of the eye in bold typeface in this section with
the help of Figures 1.31, 1.32, 1.33, 1.34, 1.35,
and 1.36.

The eyeballs of horses and cattle are recessed
in the bony orbit with a large fat pad behind the
eye. The fat pad serves as a protection cushion
against physical trauma.

Identify superficial features of the eye includ-
ing superior and inferior palpebrae (upper
and lower eyelids).

The thin translucent mucosal layer covering
the interior of the eyelids is the palpebral con-
junctiva. The palpebral conjunctiva reflects
back on the white of the eye (sclera) as bulbar
conjunctiva.

The angle between the palpebral and bulbar
conjunctiva is the fornix. The space formed
by the angle of reflection or fornix is the con-
junctival sac. Dorsal and ventral conjunctival
sacs are thus recognized.

Superior and inferior puncta (singular
form is punctum) can be located near the
medial canthus (or commissure) of the eye

In cattle, the eye is surgically removed when
cancer of the eye is diagnosed. You need to
review the landmarks for needle placement
for enucleation of the eye. These are dis-
cussed in Figure 1.25.

The parotid lymph node is inspected for
diagnosis of eye cancer in slaughterhouses.
The most common cancer of the eye in cat-
tle is squamous cell carcinoma.

Infectious bovine keratoconjunctivitis
(IBK), or pink eye, is the most common

ocular bacterial disease of cattle. It is
spread between herds by the face fly
Musca autumnalis and causes ulceration of
the cornea.

Diseases of eye in small animals include
glaucoma (increased intraocular pressure)
and cataract (increased opacity of the lens
with aging). Glaucoma can be caused by
inadequate drainage of the aqueous
humor which is continuously produced by
the ciliary body.
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Iris and pupil seen through
Third eyelid the transparent cornea

Lacrimal caruncle Bulbar conjunctiva on the
surface of the sclera

Figure 1.31 External features of the bovine eye. Note that the bovine iris is wide horizontally. Yellow star
denotes the location of the palpebral conjunctiva on the lower eyelid. The bulbar conjunctiva covers the
surface of the sclera (white of the eye).

Vitreous body in  Ciliary
Sclera vitreous chamber body Cornea

Optic n. Lens Limbus
Figure 1.32 Bovine eye: section through the optic axis. A, anterior chamber; B, posterior chamber; C, vitreous
chamber.
on the superior and inferior lids, respectively. From the lacrimal sac, the tears pass through
This is where tears collect to pass from the  asingle duct, the nasolacrimal duct, to empty
puncta through lacrimal canaliculi to the lac-  in rostral part of the nasal cavity and out

rimal sac. through the nose.
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Ciliary processes

Location of zonula fibers
(junction between the
lens and tips of the ciliary
processes)

Figure 1.33 Posterior view of the eye, equatorial section of the bovine eye. Note the topographic relationship
of the ciliary processes of the ciliary body, zonules (less visible), and lens.

Retina  Optic disc

Choroid

Figure 1.34 Vitreous chamber of a bovine eye (the
vitreous body was removed): posterior view. Note
that the retina appears as thin transparent membrane
peeled off from the dark outer choroid layer. The
retina is more firmly attached at the optic disc.

The lacrimal gland, conjunctiva, and the
gland of the third eyelid are the main pro-
ducers of tears.

Box 1.23

Staining from increased tearing (epiphora)
and congestion of the conjunctival blood
vessels is visible grossly especially with con-
junctivitis (inflammation of the conjunctiva
of the eye).

1.13.2 Layers of the Eye

The eye ball has three concentric layers
known as eye tunics. From exterior to inte-
rior, the eye tunics are (i) outer fibrous tunic,
(ii) middle uvea (or vascular tunic), and (iii)
inner nervous tunic. Use Figures 1.32-1.36
to study the eye parts and tunics.

The outer fibrous tunic is composed of the
sclera (white of the eye) and cornea (transpar-
ent and avascular). The relatively dark junction
between the sclera and cornea is known as the
limbus.

The middle vascular tunic is pigmented
and is composed of the iris and ciliary body
anteriorly, and choroid posteriorly.

The choroid has outer pigmented and inner
vascularized parts. Blood vessels that supply
the eye are located in the uvea.
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Tapetum lucidum

Optic disc ~ Choroid

Tapetum lucidum

Optic disc Choroid

Figure 1.35 Fundus of the eye (view of the interior posterior surface of eye that include the area of the optic
disc). Sheep (left) and bovine (right) eye axial sections showing tapetum lucidum and optic disc. The vitreous

bodies and retinae have been removed.

Vitreous body

Ilens

Cornea

Iris

Limbus

Sclera Ciliary body

Figure 1.36 Bovine eye: axial section. Magnified anterior portion of the eye. Note the anterior chamber
between the cornea and iris (A), the posterior chamber between the iris and ciliary body (B), and the vitreous
chamber with vitreous body between the ciliary body and choroid (C). A, anterior chamber; B, posterior

chamber; C, vitreous chamber.

The iris can be viewed through the transpar-
ent cornea. The bovine iris is wide horizon-
tally and has iridic granules (corpora nigra)
that are more prominent on the upper edge of
the iris.

The size of the pupil is regulated by two
smooth muscles: constrictor and dilator
pupillae.

The constrictor pupillae muscle constricts
the pupil in response to increased light inten-
sity. It is innervated by parasympathetic fib-
ers from the oculomotor nerve (CN III). The
parasympathetic fibers of the oculomotor
also supply the ciliary muscle (smooth mus-
cle at the base of the ciliary body). The ciliary
muscle regulates accommodation of the lens



(changes in lens shape from default oval
shape to round shape). Rounding of the lens
assists with near vision.

The dilator muscle increases the size of the
pupil opening in response to fear and dark-
ness. It is innervated by the sympathetic sys-
tem that originates in cranial thoracic
segments of the spinal cord.

Sympathetic fibers to the eye travel from
the thoracic region through the vagosympa-
thetic trunk in the neck to synapse in the cra-
nial cervical ganglion at the base of the skull.

Postganglionic axons leave the cranial
cervical ganglion to supply the structures of
the head, including the dilator pupillae of
the eye.

The ciliary body is composed of radially
oriented ciliary processes (Figure 1.33).
Projecting from the tips of the ciliary pro-
cesses to circumference of the lens are the
zonular fibers.

The ciliary muscle regulates tension on the
zonules. When the ciliary muscle contracts,
the zonules relax and the shape of the lens
then changes from oval to round, allowing
the eye to focus on close objects.

The innermost nervous layer is the retina
(Figure 1.34). The retina consists of a poste-
rior (visual or sensitive) area that covers the
choroid, and anterior nonvisual (or nonsen-
sitive or non-nervous) area that covers the
backofthe ciliarybody andiris. Histologically,
the retina has several layers.

The posterior view of the eye is called the
fundus. Identify the white circular optic disc
in the fundus (Figure 1.35). The optic disc is
an area where the axons of the optic nerve
exit the eye to convey visual impulses to the
brain.

Identify the choroid in the posterior cham-
ber of the eye. The area of choroid that has
metallic blue and green colors is called the
tapetum lucidum (Figure 1.35). The tape-
tum lucidum reflects light at night to increase
visualization. The nature of the structure of
the tapetum lucidum is different among
domestic animals. It is fibrous in herbivores
(cattle and horse) and cellular in carnivores
(dogs and cats).

Using a sharp scalpel, section the eye either in
a horizontal or vertical plane. Identify the
chambers of the eye. Be gentle when you cut
through the eyeball. Fluid (aqueous humor
and vitreous body) will ooze out.

1.13.3.1 Chambers of the Eye

With the help of Figures 1.32 and 1.36, use
the tip of your probe to identify the following
eye chambers.

Anterior chamber: the space between the
cornea and iris.

Posterior chamber: a narrow space
between the iris and lens. The anterior and
posterior chambers contain aqueous humor.
The aqueous humor is a clear watery fluid
produced continuously by the ciliary body.
Vitreous chamber: the large space behind
the ciliary body. In the live animal, the vit-
reous chamber is filled with a jelly-like
substance known as the vitreous body.
The vitreous body gives the round shape of
the eye and helps keep the retina tucked to
the interior of the choroid.

The aqueous humor is continuously produced
by the ciliary body and circulates from the
posterior chamber, through the pupillary
opening, to the anterior chamber. From the
anterior chamber, it passes to the angle
between the iris and cornea (known as the iri-
docorneal angle) to where it passes through
the trabecular meshwork before emptying
into the scleral venous plexus to join the
venous circulation.

Goal: Study the features of the cervical
vertebrae, and the articulations of the skull
with the atlas (atlantooccipital joint) and
the atlas with the axis (atlantoaxial joint).
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Lateral vertebral foramen Atlas  Axis Spinous processes

Atlantooccipital joint Transverse process
(has dorsal and ventral tubercle)

(a)

Cranial Caudal
articular articular
Spinous processes  process Spinous processes Spinous processes process

Lateral Caudal

Vertebral
foramen

Caudal Transverse Transverse processes
articular foramen (each with a dorsal
process and ventral tubercle)

(b)

Figure 1.37 (a) Bovine cervical vertebrae. Note the large wings of the atlas (palpable in the live animal). The atlas
has lateral vertebral foramen (on the dorsal arch) and alar foramen (in the wings, not visible here). Transverse
foramina are present on wings of the atlas in horses and dogs but are absent in ruminants. Note the dorsal and
ventral tubercles of transverse processes of C2—-C7 (two-pronged transverse processes; see Figure 1.37b).
*Atlantoaxial joint. C7 has a large spinous process. (b) Three close-up views (lateral, cranial, and caudal) of a
bovine cervical vertebra. In the articulated skeleton, the summation of the vertebral foramina forms the vertebral
canal. 1, cranial vertebral notch; 2, caudal vertebral notch. The articular surfaces of the cranial articular processes
are directed dorsomedially. The articular surfaces of the caudal articular processes are directed ventrolaterally. *
Body of the vertebra.



With the help of a bovine articulated skeleton
and Figure 1.37 spend a moment to study the
osteology of the neck. Like other mammals,
ruminants have seven cervical vertebrae
(C1-C7). The first (C1) and second vertebrae
(C2) are the atlas and axis, respectively.

Note that the atlas and axis have modified
shapes and peculiar features compared to the
rest of the cervical vertebrae. The atlas differs
from a typical cervical vertebra as it lacks a
body and instead has dorsal and ventral
arches. The ventral arch is large and replaces
the “body” found in other vertebrae.

Note the lateral vertebral foramen on the
dorsal arch. Additionally, the atlas has large
transverse processes commonly called the
wings of the atlas. The wings of the atlas dif-
fer from the two-pronged transverse pro-
cesses of C2—C7 vertebrae. Being large and
superficial, the wings of the atlas are palpable
in the live animal.

The atlas has lateral vertebral and alar
foramina but lacks the transverse foramina
that pierce the transverse processes of C2—
C6 vertebrae. The vertebral artery and nerve
pass cranially through the transverse foram-
ina of C6—C2 vertebrae and the lateral verte-
bral foramen of the atlas to supply the brain.

In the atlas, the first cervical spinal nerve
exits the vertebral canal through the lateral ver-
tebral foramen. The nerve divides into dorsal
and ventral branches after it exits the lateral
vertebral foramen. The ventral branches of the
first cervical spinal nerve pass through the alar
foramen.

Locate the lateral vertebral foramen on the
dorsal craniolateral surface of the dorsal arch
of the atlas.

In contrast to ruminants, which lack a trans-
verse foramen, the atlas in horses and dogs has
a transverse foramen.

Oxen and horses have cranially located
alar foramina. This foramen is incomplete
in the dog and is called the alar notch. This
foramen conveys the ventral branch of Cl1
cervical spinal nerve.

Note the modified articulations between the
atlas and skull (atlantooccipital joint) and
atlasand axis (atlantoaxial joint) (Figure 1.37a).

The axis also differs from the rest of the
cervical vertebrae. It has an elongated spine
and modified cranial articular process known
as the dens, or odontoid process. Note these
features on the skeleton.

Goal: Identify the esophagus, external
jugular vein, nuchal ligament, and the
muscles that form the dorsal and ventral
boundaries for the jugular groove or jugu-
lar furrow. Understand that the location of
the esophagus on left side of the neck and
its relation to the trachea are important
when passing a stomach tube. Compare
the muscular boundaries for the external
jugular groove (or furrow) in goats, sheep,
and cattle. Identify the major structures
within the carotid sheath (common
carotid artery and vagosympathetic trunk)
and major lymph nodes in the neck
(superficial cervical lymph nodes). Do not
attempt to identify the deep cervical
lymph nodes. Identify the dorsal branch
of the accessory nerve (CN XI) coursing
to the trapezius muscle.

Goal: Identify the dorsal and ventral mus-
cular boundaries of jugular groove.

The neck muscles can be divided into super-
ficial and deep groups. There is little merit in
studying the deep neck muscles.

With the help of Figures 1.38, 1.39, and
1.40, identify the superficial muscles of the
neck including the clinically relevant mus-
cles that form the boundaries for the jugu-
lar groove (or jugular furrow) (Figures 1.38
and 1.39).

The muscles that form the dorsal and
ventral boundaries of the jugular furrow
include the brachiocephalicus muscle
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External jugular v.  Frontalis m. Cutaneus faciei m.

Trapezius m. Malaris m.
(cervical part) Levator
nasolabialis m.
Levator

Cleidooccipitalis m. labii superioris m.

Omotransversarius m. Depressor

labii superioris m.

' Brachiocephalicus m.  Sternomandibularis m. Zygomaticus m.
(cleidomastoideus part) (part of sternocephalicus m.)

Figure 1.38 Bovine superficial neck and head muscles. Identify the dorsal and ventral boundaries of the
jugular groove formed by the cleidomastoideus muscle (ventral part of the brachiocephalicus muscle) and

sternomandibularis muscle (superficial part of the sternocephalicus muscle), respectively. The deep part of the
sternocephalicus muscle is formed by the sternomastoideus muscle.

Omotransversarius m.  Cleidoocipitalis m.  Cleidomastoideus m.

Cleidobrachialis m.

Superficial pectoral m. Sternomandibularis m.  External jugular v.

Figure 1.39 Bovine superficial muscles of the neck. Clavicular intersection shown by dotted line. Trapezius
muscle has cervical and thoracic parts.

dorsally (cleidomastoideus plus cleidooccipi-

. R K Box 1.24
talis muscles), and the sternomandibularis
muscle ventrally. In goats, the sternoman- Note that the sternozygomaticus muscle is
dibularis muscle is known as the sternozygo- absent in sheep, making the jugular groove
maticus muscle. The sternozygomaticus less distinct in this species when compared
muscle is absent in sheep (Box 1.24). with the ox and goat.
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Brachiocephalicus m.

Cleidomastoideus m.  Cleido-occipitalis m. Accessory n. (dorsal branch)

- .
- Trapezius m.

cervical part
External ( part)

jugular v.

Omotransversarius m.

Sternomandibularis m.  Superficial cervical
(superficial part of lymph nodes
sternocephalicus m.)

Sternohyoideus m.

Sternozygomaticus m. reflected dorsally

Omohyoideus m.
External
jugular v.

Thyroid gland

Sternothyroideus m.

(b)

Figure 1.40 (a) Left lateral view of the bovine neck. Dorsolateral superficial muscles of the neck. Note the
location of the large superficial cervical lymph nodes between the cervical part of the trapezius,
omotransversarius, and cleidooccipitalis muscles. (b) Ventral neck muscles (goat). The thin sternohyoideus and
sternothyroideus muscle are separated and the sternohyoideus is reflected cranially. The two muscles are
fused at their origin from the manubrium (called sternothyrohyoideus muscle when fused). The
sternohyoideus inserts on the basihyoid at the midline. The sternothyroideus muscle inserts laterally on the
lamina of the thyroid cartilage. The two muscles help with swallowing by drawing the larynx and hyoid
apparatus caudally.
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Brachiocephalicus m.
I—A—\

Cleidomastoideus m. Cleido-ocipitalis m. Accessory n. (dorsal branch)

External
Jugular v.

Trapezius m.
(cervical and thoracic
parts)

Omotransversarius m.

Sternomandibularis m. Superficial cervical

lymph nodes

Dorsal branch of the accessory nerve (yellow in figure) coursing deep to the cervical part of the

trapezius muscle.

1.15.1.1 Superficial Neck Muscles

Study the superficial muscles of the neck in
detail on the dorsolateral and ventral aspects
of the neck (Figures 1.40 and 1.41). We omit-
ted the middle and deep muscles from our dis-
cussion but you need to transect all of them en
masse to uncover the nuchal ligament.

1.15.1.1.1 Brachiocephalicus Muscle
The brachiocephalicus muscle is a broad
compound muscle that forms the dorsal
boundary for the jugular furrow. The brachi-
ocephalicus is located on the dorsolateral
surface of the neck and runs obliquely along
the area between the brachium and dorsolat-
eral surface of the skull. It comprises three
fused muscles. The clavicular intersection
(remnant of the clavicle at the shoulder) is
technically considered the origin for the
three parts of the brachiocephalicus muscle.
The clavicular intersection divides the bra-
chiocephalicus muscle into cranial and cau-
dal parts (Figure 1.39).

The cranial portion of the brachiocephalicus
has two parts, cleidooccipitalis dorsally, and
cleidomastoideus ventrally. The cleidomas-

toideus lies directly dorsal to the external jugu-
lar vein (Figure 1.40a). These parts can also be
named as separate muscles: the cleidooccipi-
talis and cleidomastoideus muscles (Figure
1.40a). The cleidooccipitalis muscle is absent
in the horse but present in the dog.

The caudal part of the brachiocephalicus
extends from the shoulder (clavicular inter-
section) to the brachium. It is known as the
cleidobrachialis muscle (Figure 1.39).

1.15.1.1.2 Omotransversarius Muscle

The omotransversarius muscle extends from
the scapula in the shoulder region to the
wing of the atlas (transverse process of C1)
(Figure 1.40a).

Note that the dorsal branch of the accessory
nerve (CN XI) courses caudally along the
dorsal surface of the omotransversarius
muscle. This nerve supplies several neck mus-
cles including the omotransversarius, brachio-
cephalicus, and trapezius muscle, a shoulder
girdle muscle (Figure 1.40a).

Find the superficial cervical lymph nodes
at the cranial border of the scapula and in the
space between the omotransversarius and



cervical part of the trapezius muscle. Use
Figure 1.40(a) to locate the omotransver-
sarius muscle and the superficial cervical
lymph nodes.

1.15.1.1.3 Trapezius Muscle

The trapezius muscle has cervical and tho-
racic parts. Identify the cervical and thoracic
trapezius parts of the trapezius muscle (Figure
1.40a). This is a triangular, fan-shaped muscle
that originates on the dorsal border of the
neck (cervical part) and withers (thoracic
part) and inserts distally on the spine of the
scapula. The dorsal branch of accessory nerve
(CN XI) innervates both parts (Figure 1.40a).

1.15.1.1.4 Sternocephalicus Muscle

The sternocephalicus muscle is a large V-
shaped ventral neck muscle that originates from
the sternum (manubrium) and first costal carti-
lage and inserts on the head. It has two parts:
the sternomandibularis (sternozygomaticus
in goats) and sternomastoideus muscles. The
names of these parts are descriptive of their ori-
gin and insertion points. These parts are some-
times called the mandibular and mastoid parts
of the sternocephalicus muscle.

The sternomandibularis inserts on the
mandible in cattle (Figure 1.17), and on the
zygomatic arch in goats (Figure 1.18c). The
sternozygomaticus is absent in sheep.

The sternocephalicus (specifically the ster-
nomandibularis part) and brachiocephalicus
(specifically the cleidomastoideus part) mus-
cles form the ventral and dorsal parts of the
muscular boundaries for the jugular furrow,
respectively.

1.15.1.1.5 Sternothyroideus and Sternohyoideus
Muscles

The left and right sternothyroideus and ster-
nohyoideus muscles are relatively thin, flat
muscles located in between the left and right
sternocephalicus muscle on the ventral neck
(Figure 1.40b). They cover the ventral surface
of the trachea. They extend from the sternum
(manubrium) to the thyroid cartilage (sterno-
thyroideus muscle) and basihyoid bone of the
basihyoid apparatus (sternohyoideus muscle).

These muscles are fused in the caudal neck
and at their origin from the manubrium of the
sternum but are separated at their insertion
points on the lateral lamina of the thyroid car-
tilage (sternothyroideus muscle) and basihy-
oid bone (sternohyoideus muscle).

Trace the sternothyrohyoideus muscles
from their origin at the sternum to their
insertion on the lateral surface of the thyroid
lamina and on the ventral surface of the basi-
hyoid bone (Figure 1.40b).

1.15.1.2 Deep Neck Muscles

As mentioned earlier, the deep neck muscles
will not be dissected. Those who are interested
in dissection of these muscles should read the
following summary and consult other text-
books (see Appendix B) for more details and
figures. The deep cervical muscles, depending
on their location, either extend or flex the neck
or move the neck sideways. Here is brief sum-
mary their nomenclature and location.

Neck muscles located deep to the superfi-
cial layer on the dorsolateral aspect of the
neck can be classified into middle and deep
layers. These muscles are generally located
dorsal to the cervical vertebrae. They are
also considered as extensors of the neck.
Reflection of the trapezius cervicis and bra-
chiocephalicus muscles will expose a middle
layer composed largely of the serratus ventra-
lis cervicis ventrally, rhomboideus cervices
muscle dorsally, and the omostransversarius
muscle in between them. The omostransver-
sarius is a strap muscle that inserts to the
wing of the atlas. The large muscle deep to the
rhomboideus cervicis is the splenius muscle.

The rhomboideus in ruminants has cervi-
cal and thoracic parts but lack the capitis part
found in dogs. The hump in zebu cattle such
as Brahman cattle (Bos indicus) is produced
by enlargement of the rhomboideus muscle.
European breeds (Bos taurus) lack a hump.

Reflect the serratus ventralis cervicis to
expose the longissimus group of muscles
running longitudinally parallel with the cer-
vical vertebrae. These muscles represent the
cranial extension of an intermediate portion
of the epaxial musculature (muscles of the



trunk lying dorsal to the transverse pro-
cesses of the vertebrae in the abdominal,
thoracic, and cervical vertebrae). The epax-
ial muscles in the neck region include longis-
simus cervicis, longissimus atlantis, and
longissimus capitis.

The muscle located deep to the splenius is
the semispinalis capitis which has two parts:
the complexus and biventer. Reflect semispi-
nalis capitis muscle to expose the nuchal liga-
ment (see section 1.16).

Muscles lying along and ventral to the
transverse processes of cervical vertebrae
(hypaxial muscles) include the intertransver-
sarius muscle, dorsal and ventral scalenus,
longus capitis, and multifidus cervicis. The
muscle that covers the ventral surfaces of the
vertebral bodies is the longus colli muscle.
Collectively, these muscles flex the neck.

Short neck muscles in the occipital region
lying just behind the skull are classified into
obliquus capitis caudalis and obliquus capitis
cranialis lying cranial and caudal to the wing
of the atlas, respectively.

Dorsal to obliquus muscles are rectus capi-
tis dorsalis major and rectus capitis dorsalis
minor. The rectus capitis dorsalis (major
part) originates from the spine of C2 (axis)
and inserts on the nuchal region near the

Esophagus

Trachea -
Carotid sheath

Thyroid gland A .

external occipital protuberance. The major
part of the muscle is further divided into
superficial and deep parts. The minor por-
tion of the rectus capitis dorsalis originates
from the dorsal surface of the atlas and
inserts on the caudal surface of the skull
There is no need to spend time dissecting the
deep muscles of the neck.

Goal: Identify the bilateral nerves of the
neck that include the accessory nerve,
recurrent laryngeal nerve, and the vago-
sympathetic trunk (Figures 1.41 and 1.42).

Branches of eight cervical spinal nerves sup-
ply structures of the neck. Identify only C2
and its great auricular branch that conveys
sensation from the caudal surface of the horn
(Figure 1.18a).

The accessory nerve (CN XI) courses
from the skull to the neck under the wing of
the atlas. Here it divides into dorsal and ven-
tral branches.

Dorsal branch: passes dorsal to the second
cervical nerve (C2). It supplies the cleidooc-
cipitalis and trapezius muscles. Follow the
dorsal branch of the accessory nerve across

Sternozygomaticus m.

Sternohyoideus m.

R ‘i m Sternothyroideus m.

mn..
™

Vagosympathetic trunk “n

Common carotid a.

Goat neck: ventral view. Dissection of common carotid artery and vagosympathetic trunk by
spreading the ventral neck muscles apart using a Gelpi self-retaining retractor. The common carotid artery and
the vagosympathetic trunk are partially separated. Spreading of the mid-ventral neck muscles (combined
sternothyrohyoideus muscles) is also used for exposure of the trachea.



the dorsal surface of the omotransversarius
muscle to supply the omotransversarius and
trapezius muscles (Figure 1.41).

Ventral branch: passes ventral to C2. It
supplies the sternomandibularis (sternozy-
gomaticus in small ruminants), sternomas-
toideus, and cleidomastoideus muscles.

The vagosympathetic trunk is located
dorsal to the common carotid artery in the
carotid sheath (Figure 1.42a).

Find the recurrent laryngeal nerve lateral
to the trachea. As the nerve approaches the
larynx the name of the nerve is changed to
the caudal laryngeal nerve. Find the caudal
laryngeal nerve in the proximity of the thy-
roid gland.

The caudal laryngeal nerve supplies all the
laryngeal muscles except the cricothyroideus
muscle, which is supplied by the cranial
laryngeal nerve. The cranial laryngeal nerve
originates from the vagus nerve (CN X) soon
after it emerges from the skull. The caudal
laryngeal nerve originates from the vagus in
the thoracic region.

Goal: Identify the external jugular vein in
the jugular furrow (Figures 1.41 and 1.43).
The branches of the external jugular vein
were previously discussed with the vessels
of the head (Figure 1.22). Open the carotid
sheath and identify the common carotid
artery along with other contents that
include the vagosympathetic trunk, inter-
nal jugular vein in the ox (absent in small
ruminants) and tracheal trunk. Branches
of the common carotid artery were also
discussed with the vessels of the head.

The muscular boundaries of the jugular
groove that houses the external jugular vein
are discussed earlier with the neck muscles. It
is bounded ventrally by the sternomandibula-
ris and dorsally by the brachiocephalicus
muscles (Figures 1.38, 1.39, and 1.41). The bra-
chiocephalicus muscle in ruminants is a
multipart muscle with three divisions: cleido-
brachialis, cleidomastoideus, and cleido-
occipitalis muscles. The sternocephalicus

External

Sternomandibularis m. Sternomastoideus m.

Sternocephalicus m.

Dissection of the external jugular vein
and common carotid artery (bovine of the neck: left
lateral view). The brachiocephalicus muscle (dorsal
boundary of the external jugular vein) is removed to
uncover the common carotid artery. The external
jugular vein is pulled down to demonstrate the
sternomastoideus muscle which forms the medial
border of the jugular furrow. It is transected in the
cranial neck.

muscle is also compound muscle with man-
dibular and mastoid parts: sternomandibularis
and sternomastoideus muscles, respectively.

Transect the sternomastoideus muscle
(mastoid portion of the sternocephalicus) that
covers the common carotid artery in the cau-
dal part of the neck. This muscle forms the
medial boundary of the external jugular vein
(Figure 1.43).

Dissect the fascia from the carotid sheath to
uncover the common carotid artery, internal
jugular vein, and the vagosympathetic trunk.
The trunk is located on the dorsal surface of
the common carotid artery (Figure 1.42). The
branches of the common carotid artery were
discussed with the vessels of the head.

Goal: Identify the funicular and laminar
parts of the nuchal ligament and their
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Nuchal ligament: laminar (or lamellar) part

Nuchal ligament: funicular part

Figure 1.44 Bovine nuchal ligament: left lateral view of deep neck muscles. The semispinalis is freed from the
nuchal ligament and reflected ventrally. The funicular part of the nuchal ligament courses between the first
few thoracic vertebrae to the external occipital protuberance. The laminar part spans the distance from C2 to
C7 and merges with the funicular part. It has cranial (paired) and caudal (unpaired) parts.

attachments. Understand the function
and clinical significance of the nuchal
ligament.

The nuchal ligament in cattle is substantial
and is like that in the horse but is different in
size and shape from that of the dog. It is elas-
tic in nature and has both funicular and
laminar (or lamellar) parts (Figure 1.44).
The nuchal ligament is located deep to the
dorsal deep muscles of the neck above the
cervical spines.

The nuchal ligament in goats consists of
two parts as in cattle.

The nuchal ligament supports the heavy
weight of the head as well as head movement.

With the help of Figure 1.44 and the fol-
lowing description, study the two parts of the
nuchal ligament and their insertion on a cow
skeleton.

Funicular part: consists of paired cord-like
structures. It runs from the skull (external
occipital protuberance) caudally to the sum-
mits of the highest spines of the withers. It is
round cranially, and flat caudally. The funicu-
lar part continues caudally as the supraspinous
ligament. A supraspinous bursa is located
between the ligament and the summit of T1
thoracic vertebral spine.

Laminar or lamellar part: the laminar
part is located ventral to the funicular part. It
consists of a pair of flat sheets cranially, and
an unpaired sheet caudally. The cranial pair
sheets extend between C2 and C4. The cau-
dal unpaired sheet extends from C6/7 to T1.

In bullfights, the picador gouges and dam-
ages this ligament, making it difficult for the
bull to hold the head high.

Box 1.25

The nuchal ligament acts as barrier to spread
of cervical abscesses between the left and
right sides of the neck. It also helps direct
inflammatory excaudate fluid ventrally in
the direction of gravity away from the chest.

1.17 Surface Topography (Head
and Neck)

Goal: This section is intended to provide
some information on palpable structures
on the head and neck of live cattle. It is pro-
vided to help students carry out palpation
exercises and give applied context to gross
anatomy (Figures 1.45, 1.46, 1.47, 148,
1.49, and 1.50).
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Temporal
. - line
Temporomandibular
joint (TMJ)
Facial a.
location for

pulse evaluation

Location of
facial tuberosity

Figure 1.45 Palpable structures on the lateral surface of live cattle. The straight white solid line caudal to the
eye depicts the temporal line, a landmark for localization of the cornual nerve and cornual artery. The curved
white dotted line depicts the course of the facial artery, facial vein, and parotid duct. The filled circles depict
approximate locations of temporomandibular joint (TMJ) and the facial tuberosity.

Third eyelid
covered with bulbar

Lacrimal caruncle conjunctiva  Upper eyelid

Lateral canthus
(or commissure)

Medial canthus (or commissure) Lower eyelid

Figure 1.46 External features of the eye. The inner surface of the upper (superior) and lower (inferior) eyelids is
lined with palpebral conjunctiva. The third eyelid is covered by bulbar conjunctiva of the third eyelid.
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Poll

Forehead

Muzzle (planum
nasolabiale)

Figure 1.47 Common terms for areas on the bovine head. The poll (intercornual protuberance) is the highest

point on the bovine skull.

. kS 'k::
Jugular groove
(or furrow)

Figure 1.48 Jugular groove or furrow containing the
external jugular vein, a major site for venipuncture
in domestic animals including cattle. The muscular
boundaries for the jugular groove include the
brachiocephalicus muscle dorsally (specifically the
cleidomastoideus part), and sternomandibularis
muscle ventrally (superficial part of the
sternocephalicus). Pulling the head up and to the
opposite side is helpful in visualization of the jugular
groove.

Figure 1.49 Technique for opening the mouth and
holding it open for teeth inspection or medication. Pry
the mouth open by placing several fingers at the corner
of the mouth inside the space behind the incisor teeth
(diastema). Note that the tongue is grabbed and pulled
to one side to hold the mouth open.
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Figure 1.50 Another technique for mouth opening. A rope or custom cattle halter is helpful in restraining the
animal by an assistant. The mouth is opened and tongue pulled to one side through the diastema.

Box 1.26

The median caudal vein (Figure 1.51) in cattle is located under the ventral midline of the tail in
association with a satellite artery, the median caudal artery. The vein can be used for with-
drawal of small amount of blood from the tail. Because of the proximity to the artery, venous
blood collected from this site may become mixed with arterial blood. The artery can also be used
for pulse evaluation. The vein should be accessed between two successive caudal vertebrae as
both the vein and artery are protected with hemal arches in their course under vertebral bodies.
You should avoid fecal contamination when collecting blood from the median caudal vein.

Sacrocaudalis dorsalis
medialis m.

Sacrocaudalis dorsalis
lateralis m.

Intervertebral

. Dorsolateral caudal v/a.
disc

Intertransversarius m.

Median caudal a. Sacrocaudalis ventralis

lateralis m.

Sacrocaudalis ventralis
medialis m.

Median caudal v.

Figure 1.51 Cross-section of a cow tail showing location of the median caudal vein (tail vein) and median
caudal artery on the midline of the ventral surface of the proximal third of the tail. * Hemal arch. 1, nucleus
pulposus; 2, anulus fibrosus of the intervertebral disc.
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There is no need to identify items in italics.

A. Skeletal features of the bovine skull
(bones, foramina, paranasal sinuses,
mandibles, and teeth).

Identify the structures that pass through

listed foramina.

— =
LN

14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

26.
27.

PO 0®NO LA WD

Optic canal

Foramen orbitorotundum
Supraorbital foramen

Infraorbital foramen

Mental foramen

Facial tuberosity

Temporal line

Temporal fossa

Supraorbital groove

Horn (horn sheath, cornual process)
Intercornual protuberance

External occipital protuberance
Zygomatic arch (zygomatic bone
and zygomatic process of the
temporal bone)

Incisor teeth (1-4)-lower jaw
(central—first intermediate—second
intermediate—corner)

Crown (spatula-shaped incisor tooth)
Neck (peg-shaped in old cow or goat)
Root (embedded in gum)

Incisor tooth surfaces: labial, lingual,
and occlusal surfaces

Cheek teeth (P2-P3-P4; MIl-
M2-M3)

Diastema

Frontal bone (cornual process)
Zygomatic process of the frontal
bone

Frontal process of the zygomatic
bone

Temporal process of the zygomatic
bone

Zygomatic process of the temporal
bone

Pterygoid crest

Frontal sinus

a. Rostral compartment

b. Caudal compartment

i. Cornual diverticulum
ii. Nuchal diverticulum
iii. Postorbital diverticulum
d. Oblique septum
e. Median septum separating left
and right frontal sinuses
28. Maxillary sinus
29. Palatine sinus
30. Lacrimal bone
31. Lacrimal bulla
32. Nasal bone
33. Incisive bone
34. Nasoincisive notch
35. Maxilla
36. Rim of the orbit

. Mandible

37. Coronoid process

38. Condylar process

39. Ramus

40. Mental foramen

41. Mandibular foramen (identify struc-
tures passing through this foramen)

42. Mandibular symphysis

. Dental formula

43. Permanent teeth: 2 x (10/4, P 3/3, M
3/3) = 32 total

44. Temporary teeth: 2 x (D10/4, DP 3/3)
= 20 total

. Muscles (some will be identified on the

neck, see section J).

45. Cleidomastoideus m. (ID on the
head or neck)

46. Masseter m.

47. Sternocephalicus m. (ID on head or
neck)
a. Sternomandibularis m. on cow

head (absent in sheep)

b. Sternozygomaticus m. (goat)
c. Sternomastoideus m.

. Nerves and vessels supplying structures

on the head

Nerves

48. Auriculopalpebral n. (know where
the nerve is blocked and clinical
significance)

49. Cornual n. (know where the nerve is
blocked and clinical significance)

50. Great auricular n. (C2) (know
function)



51. Infratrochlear n. (goat) (know
function)

52. Facial n.
a. Dorsal buccal branch of VII
b. Ventral buccal branch of VII

Arteries

53. Facial a. in bovine (pulse, absent in
goats)

54. Transverse fascial a. (pulse in goat.
Present in bovine)

55.  Superficial temporal a.

56. Cornual a.

Veins

57. Facial v. (bovine)

58. Transverse facial v. (goat)

59. Frontal v. (cow)

60. Linguofacial v.

61. Maxillary v.

62. Angularis oculi v.

. Salivary glands

63. Parotid salivary gland

64. Mandibular salivary gland

65. Monostomatic sublingual

66. Parotid duct

. Lymph nodes of the head

67. Parotid lymph node

68. Mandibular lymph node

69. Medial retropharyngeal lymph node
(medial view)

70. Lateral retropharyngeal lymph node
(bovine)

. External features

71. Scent glands in goats (know general
location only)

72. Epiceras (know function)

73. Nasolabial plate

74. Opening of the nasolacrimal duct
(know location)

Oral/pharyngeal structures (on para-

median section)

75. Dental pad

76. Incisive papilla

77. Nasopharynx

78. Oropharynx

79. Laryngopharynx

80. Soft palate

81. Dorsal, ventral, and middle concha

82. Dorsal, middle, and ventral nasal
meatuses

83. Laryngeal cartilages(cricoid—thyroid—
arytenoid—epiglottis)

84. Basihyoid

85. Tongue
a. Torus linguae (lingual torus)

b. Fossa linguae (lingual fossa)

Neck

86. Nuchal ligament (funicular and lam-
inar parts)

87. Vertebral formula:

Cattle: C7-T13-L6-S5-Cd varia-
ble (Cd 18-20)

Goat: C7-T13-L6 (7)-S5-Cd vari-
able (Cd 16-18)

Sheep: C7-T13-L6 (7)—S4—variable
(Cd 16-18)

Muscles of the neck

88. Sternocephalicus m. in ox and goat
(two parts: sternomandibularis +
sternomastoideus)

a. Sternomandibularis m. (ID on
cow’s head, absent in sheep)

b. Sternozygomaticus m. (in goat,
same as sternomandibularis in cow)

89. Brachiocephalicus m. (three parts:
cleidobrachialis + cleidooccipitalis +
cleidomastoideus, may be absent)

90. Trapezius m. (cervical part)

91. Omotransversarius m. (in sheep, it
fuses to cleido-occipitalis m.)

92. Rhomboideus m. (two parts: cervical
+ thoracic)

93. Sternohyoideus m.

94. Sternothyroideus m.

95. Pharyngeal muscles (cricopharyn-
geus and thyropharyngeus muscles
same as other species)

Lymph nodes of the neck

96. Superficial cervical lymph nodes
(also known as pre-scapular lymph
nodes)

Nerves of the neck

97. Accessory nerve (dorsal and ventral
branch)

98. Recurrent laryngeal n. (ID left nerve
in the thorax and its continuation in
neck as Cd laryngeal n.)

99. Vagosympathetic trunk

100. Great auricular n.



Other structures in the neck region 104. External jugular v. (ID dorsal and ven-
101. Common carotid a. tral boundaries for the jugular groove)
102. Trachea 105. Thyroid gland

103. Esophagus (cervical part) 106. Cervical thymus (in young animals)
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The Thorax

Learning Objectives
o List the anatomic boundaries for the auscul-  « Identify mediastinal (cranial, middle, and
tation areas of the lungs and heart. caudal) and tracheobronchial lymph nodes.
o Identify lung lobes and thoracic part of the Know the clinical significance of the caudal
thymus (large in young calves and may mediastinal lymph nodes.
extend into the neck). o Know the term pluck (tongue, trachea, heart,
« Identify the tracheal bronchus (special bron- and lungs) used in meat inspection in a
chus for ventilation of the cranial lobe of the slaughter house setting.
right lung) and know its clinical significance. o Identify major thoracic nerves and auto-
o Know the term mediastinum and the contents nomic ganglia (similar to other species).
of the cranial, middle, and caudal mediastinum.

Guide to Ruminant Anatomy: Dissection and Clinical Aspects, First Edition. Mahmoud Mansour, Ray Wilhite, and Joe Rowe.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/mansour/dissection
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Identify left and right azygos veins. Compare
the presence of these veins in other species
(horse and dog).

Identify the brachiocephalic and pulmonary
trunks, and thoracic lymphatic duct on the
left side of the thorax.

Study the topography of the heart (atrial
versus auricular surfaces) and the internal
structures within the atria and ventricles. List
the layers comprising the pericardium.

The thoracic cage is formed by the thoracic
vertebrae dorsally, ribs laterally, and ster-
num ventrally. The thorax of ruminants dif-
fers from that of the equine thorax in the
number of ribs and vertebrae (typically, 18
ribs in the horse and 13 ribs in ruminants). In
cattle, the ribs are flat and wide with rela-
tively narrower intercostal spaces compared
to round ribs with relatively wider intercostal
spaces in horses.

It is of clinical interest to be able to identify
the areas suitable for lung auscultation and
auscultation of heart sounds (valves) as part
of a complete physical examination. You
should be able to identify the ribs that make
the surface landmarks for the basal border
of the lungs, the points of maximum inten-
sity of the heart valves (puncta maxima),
the triangular area for lung auscultation, and
the diaphragmatic line of pleural
reflection.

Understand that the point of the elbow
(olecranon tuber) approximates the 6th rib
and the most cranial extent of the diaphragm.

In the interior of the chest, study the lung
lobes and note the differences between the
equine and ruminant lungs. Bovine lungs are
somewhat asymmetrical and are distin-
guished by their pronounced lobation and
very evident lobulation when compared with
that of the horse.

Study the contents of the mediastinum
(composed of the mediastinal pleurae and all
of the contents between them) that separates
the pleural cavity into left and right cavities)
and the lymphatic structures including thy-
mus in young animals.

Goal: Identify various parts of the ribs and
thoracic vertebrae, and know the number
of ribs and thoracic vertebrae. Understand
the surface landmarks for the thoracic
inlet, basal border of the lung, and dia-
phragmatic line of pleural reflection.

The thorax of ruminants typically includes
13 thoracic vertebrae and 13 pairs of ribs
(Figure 2.1). The floor of the thorax is formed
by the sternum.

The sternum is composed of seven stern-
ebrae that connect with costal cartilages of eight
out of the 13 ribs. The ribs that are attached to
the sternum are known as the sternal ribs. The
remaining five pairs of ribs are connected indi-
rectly to the sternum by their costal cartilages
and are designated as asternal ribs.

With the help of Figure 2.2 (lateral, cranial,
and caudal views of vertebrae), study the
structures that form a typical thoracic
vertebra. Study the head, neck, tubercle, and
body of a rib using Figure 2.1 for guidance.

Typically, a rib is composed of a dorsal
osseous part and a ventral costal cartilage.
The junction between the osseous part and
the costal cartilage is known as the costo-
chondral junction.

Note the flat structure of ribs with narrower
intercostal spaces in ruminants when com-
pared with the round ribs of the horse. Rib
fractures, although rare, may occur in young
calves during difficult calving (dystocia).
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Spines of thoracic vertebrae

Costochondral
junction

Sternum Costal arch

Figure 2.1 Articulated bovine thorax. Rib 2 and part of rib 3 are concealed by the scapula.

Spinous
process

Spinous
process

Spinous Transverse
process  process

Lateral Cranial Caudal

Caudal articular
surface/process

Costal fovea of
transverse
process

Caudal costal
fovea

Cranial costal
fovea

Body Cranial articular
surface/process

Vertebral Body
foramen

Figure 2.2 Typical bovine thoracic vertebra: lateral, cranial, and caudal views. Each transverse process has a
costal fovea for articulation with a tubercle of a corresponding rib. Note the large spinous process of thoracic
vertebrae compared with cervical and lumbar vertebrae. The rib head articulates with the cranial and caudal
costal fovea of two successive thoracic vertebrae.

Before you start your dissection of the
muscles that form the thoracic wall, study
the ribs that form the surface landmarks for
the thoracic inlet, basal border of the lung
and area for lung auscultation, points for
punca maxima, and the diaphragmatic line
of pleural reflection. Understand the
following definitions.

2.3 Thoracic Inlet

Goal: Identify boundaries and list some
structures passing through the thoracic
inlet.

The term thoracic inlet means the entrance
to the thoracic cavity. The boundaries of the



thoracic inlet include the first thoracic
vertebra (T1) dorsally, first pair of ribs later-
ally, and first sternebra (manubrium) ven-
trally. Many structures pass into or out of the
thoracic cavity through the thoracic inlet.
Examples include the esophagus, trachea,
common carotid arteries, vagosympathetic
trunks, longus coli muscles, subclavian
arteries, and external jugular veins. Identify
the boundaries of the thoracic inlet on a
ruminant skeleton.

Goal: Identify the boundaries for the area
used for lung auscultation on the live
animal.

The basal border of the lung is a line that rep-
resents the most caudoventral extent of the
lung. This line is curved and starts from the
costochondral junction of the 6th rib (close
to the point of the elbow) to approximately
middle of the 10th rib and continues to the
vertebral end of the 11th intercostal space
dorsally (6-10-11 ribs for short).

The surface area for lung auscultation in
the live animal is defined by a triangular
region (Figure 2.3). The boundaries for this
region are as follows:

Cranial: caudal border of the long head of
the triceps muscle.
Dorsal: lateral
muscles.

Caudal: basal border of the lung.

edge of the epaxial

Goal: Identify the line of pleural reflec-
tion on the cadaver and the rib numbers
that approximate this line on the live
animal. Know its clinical significance
(Box 2.2).

The diaphragmatic line of pleural reflection
represents a transition point formed by
reflection of the parietal costal pleura on the
diaphragm to become the parietal diaphrag-
matic pleura, or vice versa. The line repre-
sents the most caudoventral extent of the
pleural cavity.

a £

Triangular area for lung auscultation on live animal: left lateral view.



In performing lung auscultation in a live animal,
you should place your stethoscope in front of
the basal border of the lung and caudal to the
caudal border of the triceps brachii muscle.
Identify the diaphragmatic line of pleural
reflection on the live animal. A needle inserted

cranial to the diaphragmatic line of pleural
reflection will typically end up in the pleural
cavity. In contrast, a needle inserted caudal to
the diaphragmatic line of pleural reflection will
typically be in the peritoneal cavity of the
abdomen.

The ribs that form the surface landmarks
for the diaphragmatic line of pleural reflec-
tion in cattle include the 8th costochondral
junction, middle of the 11th rib, and the dor-
sal end of the 12th ribs.

In small ruminants (goat and sheep), the
diaphragmatic line of pleural reflection
extends along the 8th, 9th costochondral
junctions to reach the dorsal end of the 12th
rib. Like the basal border of the lung, the dia-
phragmatic line of pleural reflection follows a
curved line.

Use a string to draw the basal border of the
lung and diaphragmatic line of pleural reflec-
tion on a cow or goat skeleton. The space
between the two lines drawn is not occupied
by the lung and is known as the costodia-
phragmatic recess.

Goal: Identify some of the muscles that
cover the thoracic wall (ribs) from superfi-
cial to deep. With the exception of inter-
costal muscles, the muscles of the thoracic
wall have either their origin or insertion in
the thoracic region.

The muscles of the thoracic wall are best
studied when the thoracic limb is removed.
They include the thoracic part of the
cutaneus trunci, latissimus dorsi, scale-
nus (dorsalis, medius, and ventralis), tho-
racic part of the trapezius, thoracic part
of the rhomboideus, serratus ventralis
(cervical and thoracic parts), serratus
dorsalis (cranial and caudal parts), cra-
nial part (origin) of the external and inter-
nal abdominal oblique, rectus thoracis,

longissimus thoracis, spinalis et semispi-
nalis thoracis, iliocostalis thoracis, exter-
nal and internal intercostal muscles.
Identify select muscles of this group as
listed on your laboratory ID list and shown
on Figures 2.4—-2.7. It is not necessary to dis-
sect all of the aforementioned muscles. Ask
your instructor for advice on which muscles
of thoracic wall you should identify.

If not already done, skin the thorax as far
caudally as the cranial border of the hind
limb (Figure 2.5). Remove the fat and fascia to
expose the muscles and define their borders.
With the help of Figures 2.4-2.7, identify the
muscles of the thoracic wall listed on your ID
list or as suggested by your instructor.

Your instructor may ask you to preserve the
cutaneous muscles (Figure 2.4). To save time
you may opt to remove the cutaneous mus-
cles with the skin. The more time you spend
cleaning fascia and fat, the more likely you
will end up with a neat dissection. However,
keep in mind that some of the specimens are
better than others. ldentify the cutaneus
trunci and cutaneus omobrachialis mus-
cles (Figure 2.4).

Next, remove the cutaneous muscles and,
with the help of Figure 2.5, identify the latis-
simus dorsi, thoracic part of the serratus
ventralis, origin of the external abdominal
oblique, and the deep pectoral muscles. Note
the interdigitation of the thoracic part of the
serratus ventralis thoracis with the origin of
the external abdominal oblique muscle on the
ventral surface of the thorax (Figure 2.5).

Next, remove or reflect the latissimus dorsi
muscle dorsally to uncover the dorsal part of
the thoracic serratus ventralis muscle (Figure
2.6). To expose the rhomboideus muscle, tran-
sect the cervical and thoracic parts of the
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Cutaneus omobrachialis m.

Trapezius m.
(thoracic part)

Latissimus
dorsi m.

Cutaneus trunci m.

Figure 2.4 Superficial muscles of the bovine thoracic wall: left lateral view.

Serratus ventralis m.
(thoracic part)

Trapezius m.
(thoracic part)

Deep pectoral m.

Latissimus dorsi External abdominal oblique m.
m. (covered by tunica flava abdominis)

Figure 2.5 Lateral thoracic muscles deep to the cutaneous muscles. Dotted lines show the interdigitation of
serratus ventralis thoracis muscle with the origin of the external abdominal oblique muscle.

trapezius muscle and reflect them dorsally
(Figure 2.6).

Transect some of the superficial neck mus-
cles as shown in Figure 2.6 to uncover the cer-
vical part of the serratus ventralis muscle.
Reflect the serratus dorsalis cranialis dorsally

to identify the epaxial muscles as a group.
(There is no need to identify individual mus-
cles; Figure 2.6.)

Remove the thoracic limb by severing sev-
eral extrinsic muscles. Abduct the limb and,
with the use of a long knife, make a circular



cut starting from the pectoral muscles
ventrally in the area between the thoracic
limbs. Cut the axillary vessels and branches
of the brachial plexus. Keep abducting the
limb until the medial surface of the scapula is
separated from the serratus ventralis muscle.
Cut the attachment of the dorsal border of the
scapula with the trapezius muscle (this may
have already been done) and the thoracic and

Rhomboideus m.
(cerwcal and thoraC|c parts)

Serratus ventralis m.
(cervical part)

Figure 2.6 Select deep muscles of the thoracic wall.

Scalenus dorsalis m.

Brachiocephalicus m. o
(reflected dorsally)

Serratus ventralis
m. (cervical part)

Scalenus ventralis m.

Brachial
plexus

Deep pectoral m.

2 The Thorax

cervical parts of the rhomboideus muscle and
remove the limb. You should end up with a
view similar to Figure 2.7.

Identify the long thoracic nerve coursing
caudally on the dorsal border of the scalenus
dorsalis muscle. More caudally, the nerve
courses on the lateral surface of the serratus
ventralis muscle. The long thoracic nerve
supplies the serratus ventralis muscle.

Serratus dorsalis
cranialis m.
(aponeurosns)

Serratus ventralis m.
(thoracic part)

Attachment site of serratus ventralis m.
to serrated face of scapula

: .l Deep (ascending)
' pectoral m.

Long thoracic n.

Figure 2.7 Bovine thoracic wall: left lateral view. The left thoracic limb is removed. Note the extent of the
thoracic and cervical parts of the serratus ventralis muscle.
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Now we are ready to enter the thorax. Remove
all of the muscles on the thoracic wall until you
uncover the ribs. Care is necessary when remov-
ing the intercostal muscles. By making vertical
cuts along the cranial and caudal borders of the
ribs (watch out for embalming fluid oozing out),
being careful not to cut too deep, remove the
muscles between all ribs.

Notice the intercostal vessels and nerves
(vein, artery, and nerve) running along the
caudal border of each rib. At the costochon-
dral junctions these neurovascular bundles
are present along both the cranial and caudal
borders of the ribs. They are more visible
inside the thorax deep to the transparent
costal pleura.

You may choose one of two methods to
expose thoracic viscera.

Method 1: Once you have cleaned the mus-
cles of the thoracic wall, use a large nipper,
pruning shears, or saw to cut each of the ribs
at their vertebral and sternal attachments
and along the costal arch but leave the first
two ribs in place. These two ribs will be
removed later when you are ready to visualize
the vessels and nerves in the cranial thoracic
region (Figure 2.8).

Method 2: This method is suitable for small
and large cadavers laid on the table. It is

Brachial ple

Left common
carotid a.

External
jugular v.

Vagosympathetic trunk ~ Vagus n.

Phrenic n.

described in Appendix A. In this method,
reflect the ribs dorsally and cut the diaphragm
and abdominal wall ventrally along the dorsal
edge of the rectus abdominis muscle. Reflect
the ribs and abdominal muscles dorsally as a
single flap (see Figure A.2 in Appendix A).

In both methods, use your probe and forceps
to perform blunt dissection of intrathoracic
structures.

Within the thorax, identify the transversus
thoracis muscle fibers coursing on a trans-
verse plane over the dorsal aspect of the ster-
num. The internal thoracic artery and vein
run deep to this muscle. Remember that
these vessels are found on the other side of
the body. Dorsally, identify the longus colli
muscle as it courses from under the body of
caudal cervical vertebrae passing through the
thoracic inlet to continue along the ventral
surface of the bodies of the first few thoracic
vertebrae (Figure 2.5).

2.7 Pleura

Goal: Identify left and right lung lobes.
Study the different parts of the pleura
(parietal pleura [costal, diaphragmatic,
and mediastinal], visceral [or pulmonary]

xus Thoracic duct Sympathetic trunk Left azygous v.

Caudal
mediastinal
lymph node

o e
Esophagus

Figure 2-8 Bovine left thoracic and cranial abdominal cavities. Identify the major vessels and nerves on the

left thoracic cavity. * Longus colli m.



Box 2.3

Surgical incision into the thorax through the
intercostal muscles should be made midway
through the intercostal space between the
ribs. This is necessary to avoid damaging
the intercostal vessels and nerves running at
the caudal border of each rib.

pleura, and connecting pleura). Identify
the location of the thymus, caudal medi-
astinal lymph nodes, and major bloods
vessels, autonomic ganglia, and nerves
(vagus and phrenic nerves, and sympa-
thetic trunk and ganglia). Explain the
meaning of the term “mediastinum” and
its contents. Study the superficial and
internal features of the heart.

Before you disturb or remove any structure,
study the pleura, and lung lobes. The thin
transparent serous membrane (mesothe-
lium) that lines the interior of the thoracic
cavity and its contents is the pleura.
Depending on where it is located or what it
covers, the pleura is divided into parietal,
visceral (pulmonary), or connecting
pleura.

Again, note the vessels and nerves running
at the caudal border of each rib. These are
intercostal arteries, veins and nerves.

Left cranial lung lobe
Pulmonary ligament  Principal bronchus  (cranial part)

Cranial

Left
cardiac
notch

Left caudal lung lobe Left cranial lung lobe
(caudal part)
@)

Figure 2.9 Medial surfaces of the left (a) and right (b) bovi

2 The Thorax

2.7.1 Parietal Pleura

The parietal pleura covers interior thoracic
walls such as those of the ribs and diaphragm.
It is attached to the ribs and diaphragm by
thin layer of connective tissue known as
endothoracic fascia. Identify the following
types of parietal pleura:

o Costal parietal pleura: covers the interior
wall of the rib cage.

o Diaphragmatic parietal pleura: covers the
thoracic surface of the diaphragm.

o Mediastinal parietal pleura: creates the
thin partition (mediastinum) between the
left and right pleural cavities.

2.7.2 \Visceral Pleura

The visceral pleura is also known as the pul-
monary pleura. It covers all surfaces of the
lungs.

2.7.3 Connecting Pleura

An example of connecting pleura is the pul-
monary ligament that connects the visceral
pleura on the caudal lobe of the lung to the
mediastinal pleura (Figure 2.9). Lift the cau-
dal lobe of the lung cranially to observe the
pulmonary ligament. In small animals, this
ligament is transected in surgery when the
caudal lobe of the lung is removed.

Right cranial lung lobe

(cranial and caudal parts) ~ Tracheal bronchus Accessory lobe

Cranial

Right cardiac notch

Principal bronchus
Right middle lung lobe Right caudal lung lobe

(b)

ine lungs.
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The cupula pleura is vulnerable to puncture
by sharp objects leading to rush of free air
into the pleural sac (condition is known as
pneumothorax). This is especially serious in
the horse should they run into a sharp
objects such as a fence post.

Plica vena cava is another example of
connecting pleura. It runs from the ventral
surface of the caudal vena cava to the floor of
caudal mediastinum and diaphragm.

The pleural sac on the right side extends
through the thoracic inlet beyond the first
rib. This cup-shaped extension is known as
the cupula pleura. The left pleural sac does
not extend beyond the first rib.

The pleural cavity has nothing inside but a
small amount of serous fluid. The fluid helps
in friction-free movement of the lungs as
they expand with air during inspiration.

Identify the lung lobes. The left lung has
cranial and caudal lobes (Figure 2.9). A
notch divides the cranial lobe into cranial
and caudal parts. The left cardiac notch
typically is located between the 3rd and 6th
rib in the live animal.

The right lung has four lobes: cranial,
middle, caudal, and accessory lobes.

The cranial lobe of the right lung is separately
ventilated by a special tracheal bronchus that
arises directly from the trachea. The trachea
then terminates caudally by bifurcating into the
right and left principal bronchi (Figure 2.9).

Remove the lungs by reflecting them dor-
sally and cutting the vessels at the hilus or
root of the lung. Stay close to the root of lung
and be careful not to cut the phrenic nerve
and branches of the vagus nerve that are close
to the surface of the heart.

Study the mediastinum and remove the
mediastinal pleura to study the heart,
lymphocenters, vessels cranial to the heart,
topography of the trachea and esophagus,
thoracic duct, pathway of the vagus nerves,
and sympathetic trunk (Figure 2.8).

The mediastinum is the partition between
the left and right pleural cavity. It consists of
the mediastinal pleurae and organs contained
between them including the thymus, heart,
trachea, esophagus, and major blood vessels.
It is divided into cranial, middle, and caudal
mediastinum. Examples of organs in the
three parts of the mediastinum include
the thymus in cranial mediastinum, heart in
the middle mediastinum, and caudal portion
of thoracic aorta and caudal portion of the
esophagus in the caudal mediastinum.

Pneumonia is the most clinical problem
affecting lungs in cattle.

Endotracheal intubation is performed after
induction of anesthesia. This procedure is
best accomplished with the patient in sternal
recumbency with the head and neck held in
extension. Be cautious not to obstruct the tra-
cheal bronchus when using an endotracheal
tube with inflatable cuffs.

Lung auscultation: on a triangular area deter-
mined by the following anatomic boundaries:

Cranial: caudal border of the triceps brachii
muscle

Dorsal: epaxial muscles

Caudal: the curved line for identification of
the basal border of the lungs along the
6-10-11 ribs.

Thoracentesis: a procedure for removal of

access inflammatory fluid from the chest.

Cannulation can generally be performed at

the lower 7th intercostal space (7 ICS).




2.8 Vessels (Arteries and Veins)

Goal: Identify the major vessels and veins on
the left and right thoracic cavity. Understand
the blood pathway in the pulmonary, coro-
nary, and systemic circulations.

2.8.1 Blood Circulation: An Overview

Before you start identifying blood vessels, it
is important to have a broad understanding
of blood circulation and the structures (ves-
sels and valves) involved in regulation of
blood within the heart (Figure 2.10).

Briefly, the blood circulation can be divided
into pulmonary, coronary, and systemic
circulations.

Venous return through caudal vena cava (1)

2 The Thorax

The pulmonary circulation helps circu-
lates blood between the heart and lungs, and
vice versa. The systemic circulation distrib-
utes oxygenated (arterial) blood from the left
side of the heart to the body and brings non-
oxygenated (venous) blood back to the right
side of the heart (Figure 2.10). The coronary
circulation circulates blood to and from the
heart muscles.

In the systemic circulation, blood returns
to the right atrium by the cranial and caudal
vena cavae and the coronary sinus.

From the right atrium, blood passes into the
right ventricle through the right atrioventric-
ular valve (right AV or tricuspid valve). The
venous blood is then ejected from the right
ventricle into the pulmonary trunk through

Venous return through
cranial vena cava (2)

squijai04

‘A Areuowng

Brachiocephalic
trunk

Figure 2.10 Simplified overview of systemic and pulmonary circulations. Venous blood returns to the right
side of the heart (right atrium and ventricle) is by the caudal (1) and cranial (2) vena cavae. Relatively
unoxygenated blood from the right side of the heart (right ventricle) passes to lungs through the pulmonary
trunk (dotted lines) which gives the left and right pulmonary arteries. From the lungs, oxygenated blood
passes by several pulmonary veins to the left side of the heart (left atrium and ventricle). Oxygenated blood
from the left ventricle is distributed to the body (systemic circulation) by the way of the aorta and named
branches. Blood outflow from the pulmonary trunk and aorta is regulated by semilunar valves located in the
right and left ventricles, respectively. Blood flow from the atria to the ventricles is regulated by right and left
atrioventricular valves (R-AV and L-AV). Venous return from the gastrointestinal tract (Gl) is channeled through
the portal vein (PV) to the liver for detoxification before joining the caudal vena cava by the hepatic veins.
Circulatory diseases such as patent ductus arteriosus (PDA), persistent foramen ovalae, intra- and extrahepatic
shunts are clinically more important in small animals. AV-M, left atrioventricular valve (mitral); AV-T, right

atrioventricular valve (tricuspid).
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Box 2.6

In ruminants, the mediastinum is relatively
thick compared with relatively thin and perfo-
rated caudal mediastinum in horses. This sug-
gests that cattle can sustain a unilateral
infection without affecting the other side of
the pleural cavity or unilateral pneumothorax.

the opening of the pulmonary semilunar
valve.

From the pulmonary trunk, relatively
unoxygenated blood passes into the left and
right pulmonary arteries to the left and
right lungs, respectively. The left and right
pulmonary arteries are the only arteries in
the adult body that carry relatively unoxy-
genated blood.

A variable number of pulmonary veins
carry more oxygenated blood from the lungs
to the left atrium. These are the only veins in
the adult body that carry oxygenated blood.

The pulmonary trunk, pulmonary arteries,
lungs, and pulmonary veins constitute the
pulmonary circulation.

From the left atrium, blood passes through
the left atrioventricular valve (left AV or

Left common carotid a.

External jugular v.

Vertebral a.

Costocervical trunk

Superficial cervical a.

Internal thoracic a.

Axillary a.

Brachiocephalic trunk Thoracic duct

Left subclavian a.

mitral valve) into the left ventricle. Relatively
oxygenated blood from the left ventricle is
pumped via the aortic semilunar valve into
the ascending and descending aorta for dis-
tribution to various parts of the body includ-
ing heart muscles as the first tissue to receive
oxygenated blood.

The thoracic aorta is generally divided into
three topographic regions: ascending, aor-
tic arch, and descending aorta.

Blood to the head, neck, and thoracic limbs
passes cranially in the brachiocephalic
trunk. The trunk arises from the aortic arch
(Figures 2.10 and 2.11). Major branches of the
brachiocephalic trunk in ruminants are the
left subclavian artery, bicarotid trunk, and
right subclavian artery (Figure 2.11). In small
animals (dogs and cats), the left subclavian
artery originates directly from the aortic arch
and the brachiocephalic trunk separately
gives rise to left and right common carotid
arteries and the right subclavian artery.

2.9 Major Veins of the Thorax

Goal: Identify the cranial and caudal vena
cavae, left and right azygos veins.

| Left recurrent
- laryngeal n.

Cranial vena cava

Figure 2.11 Bovine left thorax (cranial part). Figure shows vessels and nerves cranial to the heart. Nerves are

labeled in Figure 2.12.



The cranial vena cava drains the blood from
the head and neck region. It empties into
the right atrium of the heart. Identify this
vessel in the cranial mediastinum
(Figure 2.11).

The caudal vena cava runs to the right side of
the caudal mediastinum to open into the
right atrium of the heart. It drains venous
blood from the caudal part of the body (abdo-
men, pelvis, and hind limbs). It passes
through the diaphragm via the caval fora-
men. Identify the caudal vena cava and the
plica vena cavae.

The right azygos vein is present in rumi-
nants, horses, dogs, and cats. It drains venous
blood from the thoracic wall (intercostal
veins) and empties into the cranial vena
cava. It may not be present in the last few
intercostal spaces.

The left azygos vein (Figures 2.8-2.11) is
present in ruminants and swine but is absent
in carnivores (dogs and cats) and equine
(horses and donkeys). In ruminants, the left
azygos vein drains into the coronary sinus of
the right atrium (Figure 2.11).

Goal: With the help of Figure 2.11 and the
following description, identify some of the
major vessels cranial to the heart. These
include the brachiocephalic trunk and
branches of the subclavian artery. These
vessels will be identified on the left
thorax.

The brachiocephalic trunk originates from
the aortic arch. Unlike in dogs and cats, the

brachiocephalic trunk is the only vessel that
originates from the aortic arch in ruminants
and horses.

In ruminants, the left subclavian is a branch
of the brachiocephalic trunk which gives rise
to all of the arteries in the cranial thorax
(Figure 2.11).

Branches of the brachiocephalic trunk
include the left and right subclavian arter-
ies and the bicarotid trunk which gives rise
to the left and right common carotid
arteries.

Identify the bicarotid trunk and follow its
division into left and right common carotid
arteries (Figure 2.11).

The left and right subclavian arteries give
similar branches. Study the branches of the
left subclavian artery. Branches of the left
subclavian artery include the costocervical
trunk, vertebral, superficial cervical and
internal thoracic arteries. Continuation of
the subclavian artery outside the thorax
(beyond the medial surface of the first rib)
into the thoracic limb is by the axillary
artery.

There follows a brief description of the
four branches of the subclavian artery.
Understand that variations in the origin of
these arteries are not uncommon.

The costocervical trunk is the first branch
of the subclavian artery. The trunk gives rise
to the first few dorsal intercostal arteries.
The rest of the dorsal intercostal arteries
originate from the thoracic (descending)
aorta. The next branch of the costocervical
trunk is the deep cervical artery. It supplies
the muscles in dorsal caudal neck region.
No need to identify branches of the cos-
tocervical trunk.

The vertebral artery courses deep in the neck
to pass through the transverse foramina of
C1-C6 cervical vertebrae. It supplies the
brain, and in its course through the neck,
gives spinal branches to the spinal cord.



Identify the vertebral artery (Figure 2.11). It
may originate from the costocervical trunk.

The superficial cervical artery enters to the
caudal neck region by coursing through the
thoracic inlet (Figure 2.11). It gives off
branches to the craniolateral shoulder region.
Find the superficial cervical artery at the tho-
racic inlet opposite the internal thoracic
artery (Figure 2.11).

The internal thoracic artery branches from
the subclavian artery and runs ventrally
toward the sternum. It courses caudally
under the transversus thoracis muscle.
Reflect this muscle to note the ventral inter-
costal arteries arising from the internal tho-
racic artery. The ventral intercostal arteries
anastomose with the dorsal intercostal. At
the caudal aspect of the sternum, the internal
thoracic artery passes out of the thorax and
its name is changed to the cranial epigastric
artery. Locate the internal thoracic artery at
the point where it originates from the subcla-
vian artery opposite the superficial cervical
artery.

In ruminants, the cranial epigastric artery
gives rise to the cranial superficial epigastric
artery which tunnels out of the abdominal
wall to course toward the udder in the female
or penis in the male. The cranial epigastric
artery continues caudally on the dorsal
(deep) surface of the rectus abdominis.

The cranial superficial epigastric artery
forms an anastomosis with the caudal super-
ficial epigastric artery. Similar arrangements
occur with satellite veins (cranial and cau-
dal superficial epigastric veins). The com-
bined vein is known as the milk vein. The
milk vein is very large in lactating cows. The
milk vein enters the thorax near the xiphoid
cartilage. The point of entrance is known as
the milk well.

The continuation of the subclavian artery
beyond the first rib is the axillary artery
which supplies the thoracic limb (Figure 2.11).

Goal: Identify the thymus and thoracic duct
on the left side of the thorax. The lymph
nodes of the thorax are variable. Identify the
major lymph nodes, especially the tracheo-
bronchial and mediastinal lymph nodes. Pay
specific attention to the well-developed cau-
dal mediastinal lymph node and know its
clinical significance (Box 2.7).

The thymus is a lymphoid organ important
in early life for the process of maturation and
programming of T lymphocytes. This pro-
cess allows T lymphocytes the ability to dif-
ferentiate self from nonself antigens.
Typically, it is located in the cranial mediasti-
num in front of the heart and dorsal to the
cranial part of the sternum (Figure 2.11).

In young animals, the thymus may extend
mid-way into the neck region. The thymus
regresses in size in old animals where it is
replaced by fat and connective tissue. In
some cadavers of old animals, it may be dif-
ficult to identify the remnant of the
thymus.

The thoracic duct drains lymph from the
abdominal, pelvic cavity, hind limb, and left
side of the thorax (Figure 2.11).

The thoracic duct originates from a pool-
ing space for lymph caudal to the diaphragm
known as cisterna chyli. From the cistern
chyli, the thoracic duct passes into the thorax
through the aortic hiatus of the diaphragm.

In thorax, the thoracic duct lies initially on
the right side of the thorax between the right
azygos vein and thoracic aorta or dorsal to
the aorta. In mid thorax, it crosses over to the
left side to run below the longus colli muscle
toward the thoracic inlet. It drains variably
into the large veins at the thoracic inlet; this
can include the cranial vena cava or left
external jugular vein and so on.
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Figure 2.12 Bovine left thorax (cranial part). Figure shows major nerves cranial to the heart.

Others structures that pass through the aortic
hiatus, in addition to the thoracic duct, include
the aorta and left and right azygos veins.

2.11.3 Mediastinal and Tracheobronchial
Lymph Nodes

Lymph node located in the thorax include ster-
nal (cranial and caudal group), intercostal,

Dorsal branch of left vagus n.

yr”

/‘ : >

Left recurrent laryngeal n.

Tracheobronchial lymph node

and thoracic aortic lymph nodes, mediasti-
nal group (cranial, middle, and caudal), and
tracheobronchial lymph nodes. The presence
of these nodes is variable. For the sake of time
and to avoid confusion in assigning mediastinal
lymph nodes to a particular group, identify only
the tracheobronchial and caudal mediastinal
lymph nodes (Figures 2.8, 2.12, and 2.13).

Sympathetic trunk

1”; )
1

Caudal mediastinal
lymph node

Ventral vagal trunk

Figure 2.13 Bovine left thorax. Figure shows branches of the left vagus nerve, sympathetic trunk and vessels

in caudal thoracic region.
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Excessive enlargement of the caudal medi-
astinal lymph node may put pressure on the
esophagus and the dorsal vagal trunk in the
caudal mediastinum. This could lead to dif-
ficulty in the process of swallowing, diges-
tion, and gas eructation.

The tracheobronchial lymph nodes drain
the lungs. In the intact animal, they are
located at the bifurcation of the trachea into
two principal bronchi. They are inspected
during meat inspection. They include left,
right, cranial, and middle groups. In your
specimen, some of these lymph nodes will be
transected or removed with the lungs. Look
for tracheobronchial lymph nodes at caudal
aspect of the aortic arch (Figure 2.11).

The caudal mediastinal lymph nodes are
of clinical interest in ruminants. Typically, a
single large elongated lymph node is present
in the caudal mediastinum between the aorta
and esophagus (Figure 2.11). Because of their
considerable length (~15 cm or more), the
caudal mediastinal lymph node is sometimes
likened to a cigar.

Goal: Identify the phrenic nerve, branches
of the vagus nerve, thoracic sympathetic
trunk and associated autonomic ganglia.
Know the difference between the origin of
the left and right recurrent laryngeal
nerves from the vagus. Understand that
the nerves of the thorax are bilateral. You
will identify these nerves on the left side
(Figures 2.8-2.12).

The nerves within the thorax can be classified
as motor somatic nerve (intercostal, phrenic,
and recurrent laryngeal nerves), motor (vis-
ceral or autonomic) parasympathetic (e.g.,
thoracic part of the vagus nerve), and motor
(visceral or autonomic) sympathetic nerves

and ganglia (e.g., thoracic sympathetic trunk,
ansa subclavia, and sympathetic chain gan-
glia). The parasympathetic ganglia are
embedded within the target organs and can-
not be identified grossly.

The phrenic nerve innervates the diaphragm
(skeletal muscle). It originates from caudal
ventral (C6-7) spinal cervical nerves and
courses to the diaphragm along the lateral
surface of the heart.

Identify the left phrenic nerve and trace
with your probe to the diaphragm (Figures
2.8-2.12). The phrenic nerve has somatic
motor fibers.

Goal: With the help of Figures 2.8, 2.12,
and 2.13, identify the vagus nerve and fol-
low its divisions on the left side of the tho-
rax (same divisions are present on the
right side with the exception of variation
in the origin and location of the right
recurrent laryngeal nerve).

At the vertebral ends of the ribs, trace the
sympathetic trunk from caudal thorax cra-
nially to the cervicothoracic ganglion at
the vertebral ends of the 1st-3rd ribs.
Identify the cervicothoracic ganglion by
tracing the caudal and cranial limbs of the
ansa subclavia around the left subclavian
artery (Figure 2.12).

The vagus nerve carries motor autonomic
parasympathetic fibers to the neck, thoracic
and abdominal viscera. It also carries the fib-
ers of the recurrent laryngeal nerve (somatic
motor) fibers that supply the skeletal muscles
of the larynx. The vagus also carries sensory
fibers from the aforementioned viscera.
With the help of Figures 2.12 and 2.13,
identify the left vagus nerve, the dorsal and
ventral vagal trunks, and left recurrent



laryngeal nerve on the left side of the
thorax.

Follow the course of the left vagus nerve
from the thoracic inlet caudally until it passes
to the abdomen through the esophageal hia-
tus (an opening on the diaphragm below the
aortic hiatus). At the aortic arch, the left
vagus gives rise to the left recurrent laryn-
geal nerve (Figures 2.8-2.12). This nerve
courses back cranially along the trachea to
supply the laryngeal muscles (more will be
said about this nerve later).

The right recurrent laryngeal nerve orig-
inates from the right vagus nerve at the level
of the thoracic inlet and right subclavian
artery.

The vagus nerve gives parasympathetic
cardiac branches to the heart.

Caudal to the heart, each vagus nerve
divides into dorsal and ventral branches. The
left and right ventral branches of the left and
right vagus nerves join together to form a
single ventral vagal trunk. This trunk
courses toward the diaphragm under the
ventral surface of the esophagus.

The left and right dorsal branches from the
left and right vagus nerves join together
more caudally (close to the esophageal hia-
tus) to form the dorsal vagal trunk. This
trunk runs towards the diaphragm along the
dorsal surface of the esophagus. The ventral
and dorsal vagal trunks pass into the abdo-
men through the esophageal hiatus.

The recurrent laryngeal nerve courses cra-
nially through the neck along the ventrolat-
eral surface of the trachea. The nerve
terminates in the caudal region of the larynx
where it is referred to as the caudal laryn-
geal nerve.

Recall that the left and right recurrent
laryngeal nerves innervate all of the laryn-
geal muscles except the cricothyroideus
muscle (supplied by cranial laryngeal nerve
from the vagus nerve in the cranial part of
the neck).

Of the muscles supplied by the recurrent
(caudal laryngeal) nerve, the cricoarytenoi-
deus dorsalis muscle is the only muscle that
opens the glottis.

In the horse, damage to the recurrent
laryngeal nerve causes laryngeal hemiplegia,
a condition known as roaring. This condition
mostly involves damage to the left recurrent
laryngeal nerve leading to narrowing of the
glottis and generation of a roaring noise dur-
ing inspiration.

Identify the vagosympathetic trunk in the
neck coursing on the dorsal aspect of the
common carotid artery. Follow the trunk
caudally to the thoracic inlet. Here the trunk
splits into the vagus nerve (coursing towards
the heart) and thoracic sympathetic trunk
(coursing dorsally toward the longus colli
muscle).

Near the separation of the vagus and sym-
pathetic trunk, you may see an enlargement.
If so, this represents the middle cervical
ganglion. Extending dorsally from this gan-
glion, there is a nerve loop around the sub-
clavian artery that connects the middle
cervical and cervicothoracic ganglia. This
loop is known as the ansa subclavia
(Figure 2.12).

Goal: Know the atrial and auricular sur-
faces of the heart. Use the cow skeleton to
identify the rib boundaries for listening to
the heart sounds. Understand that the
heart in the live animal lies between
the plane of the 3rd and 5th intercostal
space, mostly to the left side of the thorax.
The area for heart sounds is therefore
mostly covered by the forelimb. Your
instructor, depending on your knowledge
of the subject, will determine the level of
details required.

Build a mental picture of the location of the
heart in situ. On an isolated heart, examine
the exterior and interior structures of
the heart including the fibrous sac covering



the heart (pericardium), heart chambers, and
heart valves.

The heart lies in the middle mediastinum
mostly to the left side of the median plane.
The base of the heart faces dorsally and the
apex lies ventrally close to the sternum.
Within the mediastinum, the heart is sur-
rounded by the pericardium.

The pericardium is the sac that surrounds
the heart. It has both fibrous and serous
layers, and a paper-thin pericardial cavity
that contains a small amount of serous fluid.
Superficially, the pericardial sac is intimately
surrounded by a serous membrane, the pari-
etal mediastinal pleura (Figure 2.14).

The serous pericardium is sometimes
divided into parietal layer of the serous
pericardium and visceral layer of the
serous pericardium (Figure 2.14b). The
parietal layer of the serous pericardium is
adhered to the inner layer of the fibrous peri-
cardium. The visceral layer of serous pericar-
dium is the epicardium or visceral layer of
the serous pericardium.

With the help of Figure 2.14, study the
layers that make up the pericardium. As
you can see, the fibrous pericardium is
interposed between the mediastinal pleura
and the parietal layer of the serous
pericardium.

From superficial to deep, the pericardium
includes the fibrous pericardium (the
strongest layer of the pericardium), the pari-
etal layer of the serous pericardium, and
finally the visceral layer of the serous peri-
cardium closely adhered to the heart wall.
The visceral layer of the serous pericardium
is also called the epicardium. A space (peri-
cardial cavity) lies between the parietal and
visceral serous pericardium. It has a small
amount of fluid that helps in friction-free
contraction of the heart.

Understand that the mediastinal pleura,
the fibrous pericardium, and the parietal
layer of the serous pericardium are closely
fused to each other and are inseparable.

The fibrous pericardium is the strongest
layer of the pericardium. Although mild dis-
tortion in the pericardium occurs during
heart cycle, the fibrous pericardium pre-
vents significant changes or distortion in
heart shape that can occur in heart contrac-
tion or in heart diseases where excessive
fluid could accumulate in the pericardial
cavity.

Clinicians often refer to these fused layers as
the pericardium.

The extension of the fibrous pericardium,
sternopericardial ligament, anchors the
heart to the sternum. This ligament is called
phrenicopericardial ligament in dogs
because it attaches the more obliquely ori-
ented dog heart to the diaphragm instead of
the sternum.

Study features of the heart on an isolated
fresh or preserved (formaldehyde fixed or
plastinated) specimen.

The heart has four chambers (two atria and
two ventricles) separated by interatrial and
interventricular septa.

Topographically, the left surface of the
heart is called the auricular surface (the
view with two auricles seen hugging the pul-
monary trunk). The heart is rotated about its
vertical axis to the left side with the right
auricle seen on the left side. The right surface
is the atrial surface.

The heart has a wide dorsal base and a
ventral tapering end apex. The apex is
formed only by the left ventricle.

With help of Figure 2.15, study the follow-
ing superficial features of the heart:

Atria (left and right). Use your probe to
identify the cranial and caudal vena cavae
entering the right atrium. The left atrium
receives several pulmonary veins. They
bring relatively oxygenated blood from
the lungs to the heart.
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Figure 2.14 (a) Isolated bovine heart (auricular surface). Figure shows fibrous pericardium covering the
auricular (left) surface of the heart. (b) Schematic illustration of the layers of the pericardium. Understand that
the layers of the pericardium form a sac around the heart. The fibrous pericardium extends ventrally from the
apex of the heart to form the sternopericardial ligament that anchors the heart to the sternum (not
illustrated). The outer three layers (with the fibrous pericardium being the thickest) are fused and are
inseparable. The pericardial cavity is a very small capillary space filled with small amount of serous fluid. The
visceral layer of the serous pericardium (or the epicardium) adheres closely to the wall of the heart.

(b)

2) Awuricles (left and right). The auricles are 4) Grooves:

blind extensions of the atria that provide » Paraconal interventricular groove:
additional space for blood and have an lies caudal and parallels to the conus
endocrine function. arteriosus on the auricular surface of
3) Ventricles (left and right), the left ventricle the heart, hence the name. The

is thicker and forms the apex of the heart. paraconal ventricular branches of the
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left coronary artery and the great car-
diac vein course within this groove.

(Subsinuosal) interventricular and
intermediate grooves: lies on the cau-
dal aspect of the heart below the coro-
nary sinus, hence the name. The
subsinuosal interventricular branch of
the left coronary artery and middle car-
diac vein course within the subsinuosal
groove. An intermediate groove is found
in close proximity to the subsinuosal

(b)

Cranial vena
cava

Coronary groove and
right coronary a.

Right ventricle

Figure 2.15 Bovine heart. External features of the heart on (a) auricular (left) surface; (b) atrial (right) surface.

groove in the caudal aspect of the heart
in ruminants. The caudal cardiac vein
and an intermediate branch of the left
coronary artery courses into it.

o Coronary groove: separates the atria
from the ventricles. The left and right
coronary arteries course within the cor-
onary groove.

5) Conus arteriosus: The portion of the

right ventricle as it approaches the pul-
monary trunk is shaped like a cone, hence



the name conus arteriosus of this region
of the heart. Briefly, the conus arteriosus
is defined as the outflow tract of the right
ventricle.

6) Pulmonary trunk and pulmonary arter-
ies: The pulmonary trunk carries relatively
deoxygenated blood from the right ventri-
cle toward the lungs. It branches into left
and right pulmonary arteries. Identify the
ligamentum arteriosum between the pul-
monary trunk and the aortic arch.
Aortic arch: The aorta in the thorax is
divided into ascending aorta, aortic arch,
and descending aorta (Figure 2.11). The
left and right coronary arteries that sup-
ply the heart wall originate from the
ascending aorta. No need to identify the
ascending aorta. The aortic arch gives one
large vessel, the brachiocephalic trunk.

8) Brachiocephalic trunk: The brachioce-
phalic trunk is the only vessel originating
from the aortic arch in ruminants and
horses. It gives four vessels (discussed
earlier).

9) Ligamentum arteriosum, a fibrous
structure connecting the pulmonary
trunk with the aortic arch. It is the rem-
nant of a fetal shunt that connects these
two vessels.

~
~

2 The Thorax

2.13.3 Interior of the Heart

Goal: With the help of Figures 2.16 and
2.17, study the interior of the heart on
transverse and vertical sections of the
right atrium and right ventricle, respec-
tively. Study the heart valves on a trans-
verse section cut at the level of the
coronary groove.

With the help of Figure 2.16, open the right
atrium by making a transverse incision from
the cranial vena cava across the lateral wall
of the atrium to the caudal vena cava. Expand
the ventral incision to the level of the right
atrioventricular valve and to the right
auricle.

With the help of Figure 2.16 and the fol-
lowing discussion, identify the intervenous
tubercle, fossa ovalis, coronary sinus,
foramina for the cranial and caudal vena
cava, and pectinate muscles on the right
atrium.

2.13.3.1 Structures of the Right Atrium

o Intervenous tubercle: a vertical ridge
that courses midway between the open-
ings of the cranial and caudal vena cavae

Intervenous tubercle

Fossa ovalis

Right atrium

Coronary
sinus

Figure 2.16 Bovine heart. Right atrium opened to show interior structures.
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(Figure 2.16). The intervenous tubercle is
thought to direct the blood from the caval
openings ventrally toward the right atrio-
ventricular valves, thus decreasing blood
turbulence that might have resulted from
the collision of the two blood streams.

» Fossa ovalis: a depression behind the inter-
venous tubercle. It faces the opening of the
caudal vena cava. The fossa is a remnant of
the foramen ovalis in the fetus that connects
the right and left atrium (Figure 2.16).

o Coronary sinus: look for the coronary
sinus opening below the opening of the cau-
dal vena cava (Figure 2.16). The coronary
sinus is where the left azygos, middle, cau-
dal cardiac, and great cardiac veins empty.

o The great cardiac vein: one of the veins
that drain the heart muscles. It opens into
the coronary sinus. Look for the great car-
diac vein coursing in the paraconal inter-
ventricular groove and coronary groove on
the auricular surface (Figure 2.15a).

o Pectinate muscles: long round muscular
bands occupying the interior wall of the
auricles (Figure 2.17). Some are present in
the atrial chamber. They reinforce the wall
of the auricle.

Pulmonary trunk
Left auricle
Pectinate mm.

Left AV - :

(Parietal cusp)

Chordae tendineae
Papillary m.

Left ventricle

Apex

Origin of left coronary a.

2.13.3.2 Structures of the Right Ventricle
With the help of Figure 2.17 and the follow-
ing discussion, identify the chordae
tendineae, papillary muscles, cusps for
atrioventricular valves, right atrioventric-
ular valve, trabecula septomarginalis,
interventricular septum, and trabeculae
carneae.

Understand that the internal structures in
the right ventricle are also present in the left
ventricle. We will identify ventricular internal
structures on the right ventricle because it has
a relatively thin wall and larger cavity com-
pared with the left ventricle. Identify the fol-
lowing structures within the right ventricle:

2.13.3.2.1 Right Atrioventricular Valve

The right atrioventricular valve (R-AV) regu-
lates venous blood flow from the right atrium
into the right ventricle where backflow is
prevented during systole and permitted dur-
ing diastole. This valve is also called tricus-
pid valve. Likewise, a left atrioventricular
ventricular (mitral) valve permits the flow
of arterial blood from the left atrium to the
left ventricle during diastole and prevents
backflow during systole.

Brachiocephalic trunk

Aorta

Right auricle

Trabeculae septomarginale

Right ventricle

Trabeculae carneae

Figure 2.17 Bovine heart: sagittal section. Note the difference in wall thickness of the right (thin) and left
(thick) ventricles. The term trabeculae septomarginale is plural for trabecula septomarginalis.



2.13.3.2.2 Chordae Tendineae, Papillary Muscles,
and Cusps of the Right Atrioventricular Valve
The chordae tendineae are thin fibrous
cords that anchor the cusps of the atrioven-
tricular valves to the tips of papillary mus-
cles on the ventricular wall. This arrangement
is likened to a parachute (Figure 2.17). The
atrioventricular valve has parietal and septal
cusps (flat connective tissue sheets) that
close the atrioventricular opening.

The chordae tendineae help prevent ever-
sion of the cusps dorsally into the atria dur-
ing heart contraction (systole).

2.13.3.2.3 Trabecula Septomarginalis

The trabecula septomarginalis is a long cir-
cular muscular cord that transversely crosses
the lumen of the ventricle. It extends from
the interventricular septum to the lateral
(parietal) wall of the ventricle. The origin on
the septal wall is usually from a papillary
muscle.

The trabecula septomarginalis contains
of Purkinje fibers that aid with fast signal
conduction (quick detour) across the heart
wall.

2.13.3.2.4 Ossa Cordis

The heart skeleton of adult ruminants (cat-
tle, goats, and sheep) has two areas of

Pulmonary valve

Aortic valve

Left atrioventricular
valve

ossification around the right and left semilu-
nar cusps of the aortic valve known as ossa
cordis (Figure 2.18). Sheep only have a sin-
gle os cordis. These small bones support the
aortic valve.

2.13.3.2.5 Coronary Arteries

The heart wall receives blood from the left
and right coronary arteries. They are
located within the left and right coronary
grooves, respectively. The branching of the
left and right coronary arteries in ruminants
is similar to that of the dog but slightly differ-
ent from the horse.

The substantial left coronary artery origi-
nates from the left aortic sinus just dorsal to
the aortic valve. The left coronary artery
gives rise to septal, paraconal interven-
tricular, circumflex, intermediate, and
subsinuosal interventricular branches. The
septal artery is deeply located at the origin of
the left coronary artery from the aorta. The
septal artery arborizes deeply into the inter-
ventricular septum. It will not be identified.

The right coronary artery originates from
the right aortic sinus. The right coronary
artery is distributed mainly to the wall of the
right ventricle with only a circumflex
branch coursing within the right coronary

groove.

Right atrioventricular
valve

Ossa cordis

Bovine heart valves. Transverse section of the bovine heart at the level of the coronary groove:

dorsal view. Singular for the term ossa cordis is os cordis.



Clean the fat from the coronary groove
(Figure 2.15a) to identify the left and right
coronary arteries and their branches.

On a transverse section of the heart, iden-
tify the aortic and pulmonary semilunar
valves, and right (tricuspid) and left (mitral)
atrioventricular valves (Figure 2.18).

Goal: You should know the landmarks
that approximate the location of the heart
valves on the left and right thoracic walls.

The PMI is defined as the location on the
thoracic wall that provides maximum accen-
tuation for audible sounds of the heart valves.

Three valves (pulmonary, aortic, and
mitral) are auscultated on the left side, and
one valve, the right atrioventricular valve
(R-AV), is heard on the right side.

The location of the heart sounds on the left
side of the thorax can be defined by the acro-
nym (PAM 345 low-high-low (345-LHL) for
the pulmonary, aortic and mitral (PAM) valves.

On the left chest, identify the following:

The pulmonary (P) valve may be best
heard when the stethoscope is placed over
the 3rd intercostal space low at the costo-
chondral junction (CCJ). (3L)

The aortic (A) valve may be best heard at
4th intercostal space high just ventral to
the shoulder joint. (4H)

The mitral (M) valve may be best heard at
5th intercostal space low at the CC]J. (5L)
The RAV is may be best heard on the
right side at the 3rd or 4th intercostal
space (ICS) at the CCJ (R-AV 3-4th ICS,
low). (3—4 L)

There is no need to identify items in italics.

A. Thoracic wall: bones and muscles
1. Boundaries for thoracic inlet
2. Ribs
Costochondral junction
Costal arch
Basal border of the lung
Line of pleural reflection
Intercostal spaces for listening to
heart valves on left and right sides
(puncta maxima)
3. Sternum
a. Sternebrae
b. Manubrium
¢. Xiphoid process (with attached
xiphoid cartilage)
. Cutaneus trunci m.
. Cutaneus omobrachialis m.
. Latissimus dorsi m.
. Deep pectoral m.
. Trapezius m. (thoracic part)
9. Intercostal muscles
10. Epaxial muscles
11. Rhomboideus m. (thoracic part)
12. Serratus ventralis m. (thoracic part)

® a0 T
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B. Thoracic viscera, vessels, and nerves

13. Thoracic duct

14. Intercostal arteries, veins, and nerves
(note location relative to rib margins)

15. Lung lobes (left and right lungs)

16. Tracheal bronchus

17. Caudal mediastinal lymph node
(know clinical significance)

18. Phrenic n.

19. Vagus n. (ventral and dorsal vagal
trunks)

20. Left recurrent laryngeal n.

21. Tracheobronchial lymph nodes

22. Sympathetic trunk

23. Cervicothoracic ganglion

24. Brachiocephalic trunk (Id branches:
left subclavian a., bicarotid trunk,
and right subclavian a.)

25. Pulmonary trunk

26. Cranial vena cava

27. Caudal vena cava

28. Left azygos v.

29. Right azygos v.

30. Thymus (young animal)



31.
32.
33.

Longus colli m.
Trachea
Esophagus (thoracic part)

. Heart external and internal structures

(optional if done before)

34.
35.
36.
37.
38.

39.

40.
41.

Base

Apex

Auricular surface (left)

Atrial surface (right)

Grooves (sulci)

a. Paraconal interventricular groove
(sulcus)

b. Subsinuosal interventricular groove
(sulcus)

c. Intermediate groove (Sulcus)

d. Coronary groove (sulcus)

Right atrium

Sinus venarum

Right auricle

Opening for cranial vena cava

Opening for caudal vena cava

Opening for coronary sinus

Right atrioventricular valve and

orifice (tricuspid)

g. Intervenous tubercle

h. Fossa ovalis (foramen ovale in fetus)

i. Pectinate muscles

Pulmonary trunk

Pulmonary veins (openings in left

atrium)
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42.

43.
44.
45.
46.
47.
48.
49.

50.
51.

52.

53.

54.

55.

56.

57.

Left (mitral) and right (tricuspid)
atrioventricular valve

a. Parietal cusp

b. Septal cusp

Right ventricle (note wall thickness
compared to left ventricle)

Chordae tendineae

Papillary muscles

Trabeculae carneae

Trabecula septomarginalis

Conus arteriosus

Pulmonary valve (semilunar cusps,
nodule)

Left atrium/left auricle
Ligamentum arteriosum
arteriosus in fetus)

Aortic valve (semilunar
nodule)

Right coronary artery

Left coronary artery

a. Paraconal interventricular branch
b. Circumflex branch

¢. Subsinuosal branch

d. Intermediate branch

Great cardiac vein (or great coronary
vein in paraconal interventricular
groove or sulcus)

Middle cardiac vein (in subsinuosal
groove)

Caudal cardiac vein (in intermediate
groove)

(ductus

cusps,
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The Abdomen

Learning Objectives

o Identify the muscles of the abdominal wall,

rectus sheath, inguinal rings and canal, and
the tunica flava abdominis that covers the
external abdominal oblique muscle and
helps in supporting the heavy weight of the
abdominal viscera.

o Study the innervation of the flank. Know the

function and distribution of spinal nerves L1,
L2, and T13 that innervate the paralumbar
fossa and the rest of the flank region. These
nerves are blocked at either the tips of the
transverse processes or at the intervertebral
foramina of lumbar vertebrae when per-
forming flank anesthesia.

o Identify the greater and lesser omenta and
the cavity and slings created by disposition
of the omenta (i.e, omental bursa and
supraomental recess).

Identify and know the topographic location
of the different parts of the gastrointestinal
tract, especially the complex features and
compartments of the stomach and the
ascending colon.

Be able to trace a bolus of food from the
mouth to the anus.

Know the difference in the shape of the
bovine and caprine kidneys (e.g., retention
of fetal surface lobulation and presence of
calyces in cattle and lack of these features in
goats). The calyces (singular form is calyx)
are cup-shaped terminal branches of the
ureter in the bovine kidney.

Know the topographic relationship of the
abdominal viscera on the right and left of
the median plane.

Guide to Ruminant Anatomy: Dissection and Clinical Aspects, First Edition. Mahmoud Mansour, Ray Wilhite, and Joe Rowe.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.

Companion Website: www.wiley.com/go/mansour/dissection
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3.1 Lumbar Vertebrae

Goal: Know the number of lumbar verte-
brae and their characteristic features in
cattle and small ruminants. In cattle, know
the location of paralumbar anesthesia in
relation to the intervertebral foramina and
the tips of the transverse processes of the
13 thoracic (T13) vertebrae, and, first and
second (L1 and L2) lumbar vertebrae.
There is no need to dissect the ligaments
associated with the axial skeleton but
study their location on the skeleton.

3.1.1 Bovine Lumbar Vertebrae

Typically, there are six bovine lumbar verte-
brae (L1-L6). The lumbar vertebrae have
longer transverse processes and larger bodies

than the vertebrae in other regions of the
body (Figure 3.1a). Study the structure of a
lumbar vertebra which consists of a body,
arch (composed of ventral pedicle and dorsal
lamina), and processes that include left and
right transverse processes, spinous process,
cranial and caudal articular processes on
each side of the vertebra (Figure 3.1b). The
cranial and caudal articular surfaces lie in
sagittal planes. Compare these features with
cervical and thoracic vertebrae. You do not
have to devote time to studying the vertebrae
if you have previously studied the bones of
the axial skeleton.

3.1.2 Goatand Sheep Lumbar Vertebrae

The number of lumbar vertebrae varies in
small ruminants between five and seven

Articulation between cranial and caudal articular processes

Spinous processes

Intervertebral foramina

Transverse
process (L4)

(a)

Intervertebral
foramen

Body

Figure 3.1 (a) Bovine skeleton showing articulated caudal thoracic and L1-L6 lumbar vertebrae. Note the long
transverse processes of the lumbar vertebrae compared for example to T12-T13 thoracic vertebrae. Note that
the intervertebral foramen between L and L2 is divided by a small bone into two foramina. Two intervertebral
foramina may be present in some parts of the lumbar region. (b) Typical bovine lumbar vertebra: lateral,
cranial, and caudal views. The cranial articular processes are deep and face dorsomedially. The caudal articular
processes are cylindrical in shape and fit in the groove (articular surfaces) of the cranial articular processes of
caudally located vertebra. On the lateral view, note the formation of a complete intervertebral foramen on this

lumbar vertebra. * Body.



Intervertebral
foramen

Spinous processes

Lateral
Caudal
articular
process

Vertebral
foramen

Figure 3.1 (Continued)

(L1-L5-7). Goats typically have six or seven
lumbar vertebrae, four pelvic (sacral), and
between four and eight caudal (coccygeal)
vertebrae. Cattle have six lumbar vertebrae,
five sacral, and a variable number of caudal
(tail) vertebrae (~18-20 vertebrae).

3.2 Ligaments of Lumbar
Vertebrae

There are several ligaments associated with
the axial skeleton. They give support to the
axial skeleton by connecting the vertebrae.
Because these ligaments are located deep in
the body; it is not necessary to dissect them.
Your instructor may ask you to study their
general location on the skeleton. With help of
Figure 3.1(a) and the following description,
know the general the location of the follow-
ing ligaments in the lumbar region of a
bovine or caprine skeleton.

3 The Abdomen

Transverse
processes

Cranial

Cranial
articular
process

Transverse
processes

(b)

3.2.1 Supraspinous Ligament

The supraspinous ligament courses over the
summit of the vertebral spines from T1 cours-
ing caudally to reach the caudal vertebrae.

3.2.2 Interspinous Ligaments

The interspinous ligaments are sheets of con-
nective tissue that occupy the vertical spaces
between the spinous processes of the vertebrae.

3.2.3 Intertransverse Ligaments

The intertransverse ligaments fill the spaces
between the transverse processes of the lum-
bar vertebrae.

3.2.4 Yellow Ligaments
(Interarcuate or Ligament Flava)

The yellow ligament (ligamentum flavum or
interarcuate ligament) fills the dorsal gaps
between adjacent vertebral arches along the
vertebral column. The yellow ligament is
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pierced or punctured in caudal epidural
anesthesia. This procedure involves injection
of local anesthetic into the epidural space
through the yellow ligament in the cranial
lumbar region between L1 and L2, at the
lumbosacral region between L6 and S1 verte-
brae, or at the tail region between Cdl and
Cd2 vertebrae. Epidural anesthesia is espe-
cially performed in clinical conditions asso-
ciated with dystocia or injuries related to the
udder or female and male external genitalia.

The dorsal longitudinal ligament courses on
the floor of the vertebral canal directly below
the spinal cord. In contrast, the ventral longi-
tudinal ligament runs on the undersurface of
the vertebral bodies outside the vertebral
canal. The dorsal and ventral longitudinal lig-
aments help stabilize the vertebral column.

Articulations of adjacent vertebrae consist of
synovial joints (between cranial and caudal
articular processes) and fibrous joints
between the bodies of successive vertebrae
with intervertebral discs as the major compo-
nents of fibrous joints. Each intervertebral
disc has an outer fibrocollagenous layer
known as the anulus (or annulus) fibrous
and an inner gelatinous layer known as the
nucleus pulposus (see Figure 1.51). Think of
the intervertebral disc as a “jelly donut” where
the soft jelly material in the center of the
donut represents the nucleus pulposus and
the outer dough represents the anulus fibro-
sus. The nucleus pulposus is the material that
oozes out in disc herniation (rupture).
Anatomy of intervertebral disc is more clini-
cally relevant in small animals (dogs and cats).

Goal: Identify the paralumbar fossa and
the layers of the abdominal wall. Know the
direction of the fibers of the major abdomi-
nal muscles. Understand innervation of the

flank region (nerves of the paralumbar
fossa) and injection sites for proximal and
distal paravertebral anesthesia. Understand
the clinical significance of the rectus
sheath. You should be able to recall how the
external and internal laminae of the rectus
sheath are formed.

The paralumbar fossa is a depression in the
upper flank region ventral to the transverse
processes of lumbar vertebrae. It can best be
appreciated in the live cow (Figure 3.2).

The paralumbar fossa is clinically important
in anesthesia of the flank as it is commonly
incised to enter the rumen on the left flank
(e.g., inrumen cannulation procedure, removal
of foreign body), or to access the cecum by
incising the skin on the right dorsal flank
region. Rumen cannulation, for example,
allows for insertion of fistula for long-term
studies that require regular rumen sampling.

Take time to study the boundaries for the
paralumbar fossa that include the last rib (rib
13) cranially, the transverse processes of the
lumbar vertebrae dorsally, and the hump or
ridge formed by the internal abdominal
oblique caudally (Figure 3.2).

The caudal ridge forming the caudal
boundaries of the paralumbar fossa is cre-
ated because much of the internal abdominal
oblique muscle is suspended and fans out
from the tuber coxae (hook). The extreme
lateral projection of this process creates the
ridge in the middle of the muscle.

Spinal nerves T13 (costoabdominal), L1
(iliohypogastric), and L2 (ilioinguinal) of
the paralumbar fossa exit the spinal cord
through intervertebral foramina and run
caudally in an oblique manner on the lateral
surface of the transversus abdominis muscle
(Figure 3.3a, b).

Once a spinal nerve exits the intervertebral
foramen it immediately divides into the small
dorsal branch and the long ventral branch



Paralumbar fossa

Transverse
processes
of lumbar
vertebrae

Cranial

€—

Ridge formed
by the internal
abdominal
oblique m.

Flank
; fold

Bovine left paralumbar fossa. Triangular depression bounded dorsally by the tips of transverse
processes of lumbar vertebrae, caudoventrally by the ridge formed by the internal abdominal muscle, and

cranially by the last rib (number 13).

(Figure 3.3b). Cutaneous branches from the
dorsal and ventral branches pierce the
abdominal wall to supply the skin of the flank.
Thus, each spinal nerve carries both somatic
motor and cutaneous sensory branches.

The dorsal branches of T13-L1 supply the
epaxial muscles and the skin on the dorsal
part of the paralumbar fossa down to a plane
approximately at the level of the stifle joint.
The ventral branches supply the abdominal
muscles, peritoneum, and the rest of ventral
skin of the flank region.

Dissection of T13, L1, and L2 dorsal and
ventral branches is time consuming. Study
their location on the skeleton. Your instructor
may do a prosection of these nerves or alter-
natively may ask you to know their general
location, function, and clinical significance
(Box 3.1).

The abdominal wall is formed by several
layers of tissues. From superficial to deep, the
layers of the abdominal wall include the skin
and subcutaneous connective tissue, the
cutaneus trunci muscle, the oblique (external

and internal) and transversus abdominis
muscles, the transversalis fascia deep to the
transversus abdominis muscle, and parietal
peritoneum as the most innermost layer.

You should know the layers and directions
of the muscle fibers of the abdominal muscles
as this information is important in abdominal
surgery through the flank region. Surgical
incision techniques that follow the direction
of abdominal muscle fibers minimize damage
to them. This approach in turns minimizes
postoperative surgical complications.

The abdominal muscles are responsible
for the abdominal press which helps with
forced expiration, defecation, urination,
and parturition.

As in the horse, ruminants have four cutane-
ous muscles: the cutaneus trunci muscle on
lateral thorax and ventral abdomen; the
cutaneus omobrachialis muscle over the
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(Vertebrae)» T13 L1 L2 L4

Dorsal

lumbar
nerve

branches

Ventral
lumbar
nerve
branches

Rib11

Geat (Nerves)

(@)

Transversus Internal
abdominis m.  abdominal m. External abdominal

Dorsal lumbar  #72
nerve branches -

Ventral .
lumbar nerve =
branches

Figure 3.3 (a) Spinal nerves of the left lateral flank in a goat. T13 (costoabdominal), L1 (iliohypogastric),
and L2 (ilioinguinal) are blocked in flank anesthesia (Box 3.1). Source: adapted from Garrett PD. (1988) Guide
to Ruminant Anatomy Based on the Dissection of the Goat, lowa State University Press. (b) Dissection of the
dorsal and ventral branches of spinal nerves T13 (costoabdominal), L1 (iliohypogastric), and L2
(ilioinguinal) on a bovine cadaver (suspended on a hanger). The epaxial muscles of the trunk (iliocostalis and
longissimus lumborum systems) located dorsal to the transverse processes of lumbar vertebrae have been
removed. The dorsal branches run dorsally between the iliocostalis and longissimus lumborum systems. They
supply the epaxial muscles and gives cutaneous branches. The ventral branches run ventrally between the IAO
and TA muscles. They give cutaneous branches and supply muscles of the abdominal wall. (c) Needle
placement for anesthesia of the flank using proximal (P) or distal (D) paravertebral nerve blocks in cattle.
In the proximal paravertebral nerve block, the dorsal and ventral nerve roots of T13, L1, and L2 spinal nerves
are blocked close to where they emerge from their respective intervertebral foramina. In the distal
paravertebral nerve block, ventral and dorsal rami of T13, L1, and L2 are blocked at the distal ends of the
transverse processes of L1, L2, and L4, respectively. Because of variations in the pathways of spinal nerves, L2
branches should be blocked at tips of the transverse processes of both L3 and L4 vertebrae. D, distal; P,
proximal; T, thoracic, L, lumbar. Source: adapted from Holtgrew-Bohling K. (2016) Large Animal Clinical
Procedure for Veterinary Technicians, 3rd edn, Kristin Holtgrew-Bohling.



P. Proximal (dorsal) paravertebral nerve block (Cambridge
or Farquharson) at the intervertebral foramina
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D. Distal (lateral) paravertebral nerve bock
(Magda or Cornell) at the tips of the transverse processes

(Continued)

(c)

Abdominal surgery in cattle is most commonly
performed using regional local anesthesia of
the paralumbar fossa instead of general anes-
thesia. Typically, surgical procedures in the
flank region are performed with the animal in a
standing position (e.g., rumenotomy for diag-
nosis or treatment of foreign bodies or trau-
matic reticuloperitonitis [hardware disease]).
The abdominal wall is innervated by the dorsal
and ventral branches of the 13th thoracic (T13)
and first and second lumbar (L1 and L2) nerves.
Three analgesic techniques are among those
most commonly used.

1. Proximal (dorsal) paravertebral nerve
block: desensitizes the dorsal and ventral
branches of T13,L1,and L2 spinal nerves close
to where they emerge from their respective
intervertebral foramina (Figure 3.3c). Other

names for this dorsal approach include
Cambridge or Farquharson methods. The
proximal paravertebral block causes paralysis
of the epaxial muscles and bowing of the
back (scoliosis).

Distal (lateral) paravertebral nerve bock:
involves desensitization of the dorsal and
ventral branches of T13, L1, and L2 spinal
nerves at the tips of transverse processes of
L1, L2, and L4, respectively (Figure 3.3c).
Other names for the distal paravertebral
nerve block include Magda or Cornell
methods. This block anesthetizes the ven-
tral rami of T13, L1, and L2.

. Inverted L-block or line infiltration: the

anesthetic agent is injected along a line
parallel with the transverse processes of
the lumbar vertebrae and along the caudal
border of the last rib (Figure 3.4).




Inverted L-block is used as easy
alternative to paravertebral blocks. This technique is
performed in relatively minor abdominal surgery via
flank incision with the animal standing. A local
anesthetic is injected along a line parallel with the
transverse processes of the lumbar vertebrae and
along the caudal border of the last rib (solid lines).
The flank incision (dotted line) is ventral and caudal
to the injection lines. Nonspecific line block can also
be used to desensitize the incision site. Epidural
local anesthesia in cattle is also used for induction of
regional anesthesia through anesthetic injections in
the interarcuate spaces between L1 and L2, L6-51,
or Cd1-2 vertebrae.

shoulder region; the cutaneus colli muscle
over the base of the neck; and the cutaneus
faciei muscle over the lateral surface of the
head. Unlike in the horse, the cutaneus colli
in ruminants is less developed and arises
from the superficial fascia of the neck and
not from the manubrium of the sternum.

The cutaneus trunci and cutaneus omo-
brachialis muscles are discussed here with
the abdomen.

The cutaneus omobrachialis muscle covers
the lateral shoulder region (lateral scapula
and humerus). The cutaneus trunci muscle

covers the ventral half of the abdominal wall.
Its fibers sweep toward the axilla in a cranio-
ventral direction (Figure 3.5). The cutaneus
trunci muscle helps twitch the skin when the
animal is repelling flies and insects. The lat-
eral thoracic nerve, from the brachial plexus,
innervates the cutaneus trunci muscle.

To save time, it may not be necessary to dis-
sect the cutaneous muscles. Ask your instruc-
tor for advice.

The tunica flava abdominis is a yellow elas-
tic layer that covers the external abdominal
oblique muscle. It helps support the heavy
weight of the abdominal viscera. The tunica
flava abdominis is present in horses and
other food animals (Figure 3.6). Identify it on
the surface of the external abdominal oblique
before you reflect this muscle. The tunica
flava must be sutured in abdominal surgeries
in the flank region. This layer tends to curl
when incised.

Now move on to identify the abdominal mus-
cles that form the abdominal wall and reflect
them down in a sequential order. We will rec-
ognize four abdominal muscles and their
muscle fiber direction.

Based on the following discussion, identify the
fleshy and aponeurotic parts of the external
abdominal oblique (EAQ) muscle and note
fiber direction. There is no need to dissect the
inguinal canal, superficial inguinal ring, or
the inguinal ligament. The structures that
pass through the inguinal canal are discussed
here but will be identified with the pelvis and
you can skip this part for later study.

At the ventral half of the flank region, the
EAO muscle lies deep to the cutaneus trunci
muscle. The EAO muscle has both fleshy and
aponeurotic parts and is the most superfi-
cial of the abdominal oblique muscles. Fibers
of the EAO run in caudoventral direction.
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Cutaneus omobrachialis m.

Cutaneus trunci m.

Figure 3.5 Bovine cutaneous muscles over the brachium and ventral thorax and flank regions.

The fleshy part of the EAO muscle is more
dorsal than the aponeurotic part and has
costal and lumbar parts. The costal part orig-
inates from the ventral half of the thorax
(6-13 ribs) where it interdigitates with the
thoracic part serratus ventralis muscle. The
lumbar part originates from the last rib and
the thoracolumbar fascia (Figure 3.6a).

The aponeurotic part of EAO continues
the fleshy part ventrally. It inserts at two
divergent points that include the pelvis dor-
sally, and mid-ventral part of the abdomen
ventrally. On the pelvis, it inserts on the
tuber coxae and body of the ilium by what is
called the pelvic tendon of the EAQ. On the
ventral abdomen, it inserts on the linea alba
and prepubic tendon by an abdominal ten-
don. Do not look for these tendons.

Identify the EAO muscle with help of Figure
3.6(a, b). Note the serrated interdigitation with
the serratus ventralis muscle (Figure 3.6a). The
most dorsal fibers of EAO run horizontally to
insert on the tuber coxae.

Close to the medial thigh region and lateral
to the ventral midline, the aponeurosis of the
EAO muscle has a slit-like opening known as
the superficial inguinal ring. The superficial

inguinal ring is covered by fascia. Do not look
for it now.

The most caudal part of the aponeurosis of
the EAO forms the inguinal ligament. This
ligament terminates on the iliopubic emi-
nence on the floor of the pelvis. We identify
this ligament later on in the pelvis.

The superficial inguinal ring is the exit for
the inguinal canal, a potential space between
the abdominal muscles. The inguinal canal
has superficial and deep inguinal rings at each
end that allow for structures to pass into and
out of the abdomen (Figure 3.7). The vaginal
ring is formed by the reflection of the perito-
neum to outside the body, and is superim-
posed on the deep inguinal ring (Figure 3.7).

Review the boundaries of the deep ingui-
nal ring. When drawn, they form a triangle
rather than a circular ring:

Caudal: the inguinal ligament.

Medial: the lateral border of the rectus
abdominis muscle and prepubic tendon.
Cranial: the caudal border of the internal
abdominal oblique muscle.

The structures that pass through the inguinal
canal are of clinical interest in domestic animals
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Serrated interdigitation of EAO
and serratus ventralis mm. Subiliac lymph node

External abdominal m. (covered by tunica flava
abdominis)

(a)
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latae m.
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(covering the
external
abdominal
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(b)

Figure 3.6 (a) Bovine body wall showing the external abdominal oblique (EAO) muscle covered by the yellow
elastic deep facial layer, tunica flava abdominis: left lateral view. This tunica helps support the heavy weight of
the viscera. (b) Close-up view of the insertion of the EAO muscle. The attachment of the EAO on the ribs is
transected and removed. Note the exposure of the internal abdominal oblique fibers caudal to the last rib
coursing in a cranioventral direction.
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Schematic illustration of the inguinal canal in a male ruminant. The inguinal canal is a potential
space and pathway for structures located between the abdominal muscles. It is exaggerated for illustration
purposes. Other structures that pass through the inguinal canal such as the genitofemoral nerve, lymphatics,

and autonomic nerves are not depicted.

Castration is a common surgical procedure
performed in small and large ruminant farm
operations. The technical details vary with
the procedure used. You will be taught the
details in your clinical year (See Box 4.9 for
more details).

because castration is one of the more common
surgeries performed on male animals (Box 3.2).

In male ruminants, the vaginal tunic is a
cord-like structure that encloses the sper-
matic cord. The spermatic cord carries struc-
tures from the abdomen to testis and vice
versa through the inguinal canal. The cord is
severed during castration.

Structures passing through the inguinal
canal include the spermatic cord (testicular
artery, vein, and ductus deferens), the exter-
nal pudendal artery and vein, and the gen-
itofemoral nerve.

The vaginal tunic (also called the vaginal
process) is a diverticulum of the parietal per-
itoneum that contains the spermatic cord in
the male.

The deep inguinal ring is formed by muscles,
in contrast to the vaginal ring which is formed

by reflection of the parietal peritoneum. The
superficial inguinal ring is the exit for the
inguinal canal formed by a slit in aponeurosis
of the external abdominal muscle.

Separate the lumbar part of the EAO muscle
from that of the internal abdominal oblique
(IAO). Reflect the EAO muscle down as shown
in (Figure 3.8).

The IAO muscle lies deep to the EAO mus-
cle. Like the EAQ, it has fleshy and aponeu-
rotic parts. The fibers of the IAO course to
approximately the level of middle thigh
region in a cranioventral direction. Note
that this direction is opposite to that of the
EAO muscle fibers.

The fleshy part of the IAO arises from the
tuber coxae in common with the pelvic ten-
don of the EAO muscle, and from the trans-
verse processes of the lumbar vertebrae. Its
attachment on the tuber coxae produces a
distinct ridge in the live animal that forms
the caudal border of the paralumbar fossa.

The aponeurotic part of the IAO muscle
inserts on the last rib and on the linea alba
(Figure 3.8). The aponeuroses of the EAO
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Internal abdominal oblique m. (fleshy and aponeurotic parts)

External abdominal oblique m. (fleshy and aponeurotic parts)

(reflected down)

Figure 3.8 Dissection of the bovine internal abdominal oblique (IAO) muscle by transection and reflection of
the EAO ventrally: left lateral view. Note the cranioventral direction of the IAO muscle fibers. Distally, the
aponeurosis of the EAO and IAO are fused forming the external lamina of the rectus sheath that inserts on the

linea alba on the mid-ventral line.

and TAO muscles fuse together on the
ventral abdomen to form the external lam-
ina of the rectus sheath (read the discussion
in the section on the rectus sheath). This
lamina holds the rectus abdominis muscle
(Figures 3.8).

3.3.7 Transversus Abdominis
Muscle

The transversus abdominis (TA) muscle lies
deep (medial) to the IAO and rectus abdominis
(RA) muscles. Its fibers run in a dorsoventral
direction. The ventral and craniodorsal parts
of the TA are tendinous (Figure 3.9). Transect
the dorsal border of the IAO along or ventral to
the tips of the transverse processes of lumbar
vertebrae and reflect it downward with the
EAO muscle.

The TA muscle arises from the tips of the
transverse processes of lumbar vertebrae and

the last rib. Its aponeurotic part inserts dor-
sal to the RA muscle on the linea alba essen-
tially forming the internal lamina of the
rectus sheath.

Note that the parietal peritoneum covers
the deep (internal) surface of the TA, IAO,
and RA muscles (Figure 3.10b). The parietal
peritoneum is attached to the abdominal sur-
face of the aforementioned muscles by a thin
fascia known as the transversalis fascia. In
some specimens, the parietal peritoneum is
separated from the transversalis fascia by a
layer of fat which varies in thickness depend-
ing on the nutritional status of the animal.

3.3.8 Rectus Abdominis Muscle

The fibers of the RA muscle extend from
the xiphoid region of the sternum and the
external surfaces of ventral aspects of the last
10 ribs to the cranial ventral part of the pubic
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Transversus abdominis
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Figure 3.9 Caudal thorax and abdominal flank regions showing the transverse abdominis (TA) muscle and
parietal peritoneum: left lateral view. Note the dorsoventral direction of the TA muscle fibers and some of the
lumbar spinal nerves running across its surface. The external and internal abdominal oblique (EAO/IAO)
muscles are transected and reflected down. Dorsally, the TA muscle is transected and peeled off the
transversalis fascia to demonstrate the parietal peritoneum.

bone (pectin or pubic brim) (Figure 3.10).
The fibers of TA run in a craniocaudal or
caudocranial direction.

Note the transverse tendinous intersec-
tions that interrupt the longitudinal muscle
fibers of the RA, giving the muscle fibers a
characteristic interrupted appearance (Figure
3.10). The insertion of the RA on the pubic
brim is tendinous and is known as the prepu-
bic tendon. Other muscles of the medial
thigh contribute to the prepubic tendon.

3.3.9 Rectus Sheath

The rectus sheath is formed by the aponeu-
rosis of the EAO, IAO, and TA muscles as
they near the linea alba. This sheath forms a
sleeve that wraps around the left and right
RA muscles. It has an external (outer or
superficial) lamina and an internal (inner
or deep) lamina (Figure 3.10a, b).

The fusion of the aponeuroses of the EAO
and IAO muscles forms the external lamina
of the rectus sheath. The internal lamina is

formed largely by the aponeurosis of the TA
muscle which covers the dorsal surface of the
RA muscle except for its caudal part which is
covered by parietal peritoneum only.

The rectus sheath is important in parame-
dian surgical incisions that are not on the
midline or through the linea alba (Box 3.5).

3.4 Abdominal Cavity

Goal: Study the abdominal contents in
situ and on isolated (extirpated) viscera
from bovine and caprine cadavers.

In situ: First, study the disposition of
the greater and lesser omenta before you
disturb any viscera. Know the difference
between the omental bursa and suprao-
mental recess. Next, identify the abdomi-
nal organs residing on the left and right
sides of the median plane. Know that the
combined rumen and reticulum dominate
the left flank, pushing most of the organs
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Figure 3.10 (a) Goat abdominal wall with cutaneus trunci muscle removed: left lateral view. The ventrally
located rectus abdominis (RA) muscle becomes progressively wider as it courses toward the pubic bone but
narrows at its point of attachment on the pubic brim (pectin) to give rise to prepubic tendon (not visible). Note
the distinct transverse tendinous intersections deep to the external lamina of the rectus sheath. The external
lamina of the rectus sheath is formed by fusion of the aponeurosis of the EAO and IAO muscles. (b) The
abdominal and pelvic cavities showing insertion of the RA muscle on the pectin and the disposition of the
internal lamina of the rectus sheath: cranial view.



During abdominal surgery through the par-
alumbar fossa (paralumbar celiotomy), sur-
gical incisions may be oriented parallel with
the direction of muscle fibers at each level to
avoid cutting nerves and muscle fibers more
than necessary.

Rupture of prepubic tendon is reported in
cows with heavy belly weight resulting
from twin pregnancy, an undesirable and
rare situation. The rupture of the prepubic
tendon is likely to be more common in
mares than in cows.

The external and internal laminae of the rec-
tus sheath have strong holding power and
can be sutured during closure of abdominal
incisions (paramedian celiotomy) or through
the linea alba on the mid-ventral line

(recumbent ventral midline celiotomy).

to right median plane except for the spleen
and fundic part of the abomasum. At the
end of this unit watch videos 8 and 9.

On extirpated (isolated) viscera: Study
detailed topography of the entire gastro-
intestinal tract and the interior of the four
chambers of the stomach (reticulum,
rumen, omasum, and abomasum). Trace
the disposition of the small and large
intestines, especially that of the ascend-
ing colon. Note some of the differences
between the abdominal structures in
small and large ruminants (e.g., pancreatic
ducts, shape and internal structures of the
kidneys).

Refer to the dissection plan in Appendix A
and watch video 10 on opening the thorax
and abdomen. Briefly, remove the thoracic

and pelvic limbs. Open the thoracic and
abdominal cavities all at once by folding back
the rib cage and the entire abdominal wall
cranial to the pelvic limb (Figures 3.11, 3.12,
3.13, 3.14, and 3.15). Study the peritoneal
cavity, omenta, and the contents of the
abdominal cavity.

The peritoneum is the serous membrane that
lines the walls of the abdominal and pelvic
cavities, covers most surfaces of the abdomi-
nal organs, and connects abdominal organs
together. On the interior of the abdominal
wall (TA and RA muscles), the surrounding
peritoneum is known as the parietal perito-
neum (Figure 3.10b). The part of the perito-
neum found on surface of abdominal organs
is the visceral peritoneum. The space
between the parietal and visceral peritoneum
is the peritoneal cavity.

The peritoneal cavity contains no organs
but normally has a small amount of serous
fluid that allows for friction-free movement
of abdominal organs against each other and
against the interior of the abdominal wall.

Goal: Study the disposition and arrange-
ment of the greater and lesser omenta on
the left and right flank before disturbing
any of the abdominal organs.

The omentum (plural form is omenta) is an
extremely fatty and vascular double-layered,
serosal sheet of peritoneum that attaches
various parts of the stomach to the dorsal
body wall or to other organs. It consists of
greater and lesser omenta (Figures 3.11,
3.12, and 3.13). The omenta contain fat
deposits with amounts that vary between dif-
ferent animals.

In fetal development, the greater and lesser
omenta are called dorsal and ventral mes-
ogastrium, respectively. The dorsal mes-
ogastrium suspends the greater curvature of
the small and simple primordium of the
ruminant stomach to the roof wall of the
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Descending duodenum Right liver lobe

Gallbladder

Cranial =—>

Greater curvature of abomasum Abomasum Left liver lobe

Figure 3.11 Bovine thoracic and abdominal cavities (limbs removed): right lateral view. The greater omentum
is composed of a superficial leaf or wall (visible) and a deep leaf or wall (directly deep to the superficial leaf;
not visible in this view). The deep leaf can be exposed by gently lifting up the superficial leaf on the right flank.
Note the line of attachments of the superficial leaf along the greater curvature of the abomasum and the
ventral border of the descending duodenum. Trace this leaf ventrally to the abdominal floor where it passes to
the left side under the ventral sac of the rumen. On the left side, it attaches to the left longitudinal groove of
the rumen (Figure 3.12). The lesser omentum (*) covers the right lateral surface of the omasum and attaches
along the lesser curvature of the abomasum, pylorus, and beginning of the duodenum (Figure 3.13).

Diaphragm Spleen  Dorsal sac

Cranial
@

Reticulum Ventral sac covered by superficial leaf
(or layer) of the greater omentum

Figure 3.12 Bovine abdominal and thoracic viscera (limbs removed) to show the superficial leaf (or wall) of
the greater omentum on the left side: left lateral view. Note the attachment of the superficial leaf of the
greater omentum on the left longitudinal groove of the rumen passing cranially to the reticulum. Dotted line
shows left longitudinal groove.
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Intestines within the supraomental recess
seen through superficial and deep leaves

of the greater omentum

Greater omentum:
superficial and deep
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in between

Ventral sac of the rumen covered by the
superficial leaf of the greater omentum

Lesser omentum
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Abomasum

Omasum covered by
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Figure 3.13 The abdominal cavity of the goat showing the lesser omentum coursing from the visceral surface
of the liver to the lesser curvature of the abomasum (dotted line): right lateral view. The omental bursa,
between the superficial and deep leaves of the greater omentum, is opened caudally (see also Figure 3.24a).

No organ is present in the omental bursa.

developing embryo. Following development
of the rumen, reticulum, and large part of the
abomasum, the dorsal mesogastrium forms
the greater omentum.

The ventral mesogastrium suspends the
lesser curvature of the developing stomach to
the floor of the abdominal cavity of the devel-
oping embryo. It forms the lesser omentum
following the differentiation of omasum and
the remaining part of the abomasum.

The greater omentum has both superficial
and deep leaves or walls (Figures 3.12 and
3.13). The superficial leaf of the greater
omentum can be identified on the right and
left sides of the abdomen. It lies against the
floor of the abdominal cavity beneath the
ventral sac of the rumen and between the left
and right walls of the abdomen. It encloses
the ventral sac of the rumen. The deep leaf
lies deep to superficial leaf on the right side
of the abdomen. It attaches to the right longi-
tudinal groove of the rumen and encloses the
intestines. You should understand the complex

disposition of the omenta by reading the fol-
lowing detailed description along with study-
ing relevant figures.

With the help of figures 3.11, 3.13 and 3.14,
trace the line of attachments of the superfi-
cial leaf of the greater omentum on the right
flank. Note that it has a wide area of attach-
ments along the greater curvature of the abo-
masum, pylorus, and descending duodenum.
Ventrally, it courses down to the abdominal
floor (Figure 3.11). It then passes from the
right side to the left side of the abdomen
under the ventral sac of the rumen. On the left
flank, it attaches along the left longitudinal
groove of the rumen (Figure 3.12).

To identify the deep leaf, return to the right
side and follow the superficial leaf along the
ventral surface of the descending duodenum to
where it reflects medially upon itself forming
the deep leaf. Note that the deep leaf courses
ventrally to run below the intestines and then
turns medially to attach on the right longitudi-
nal groove of the rumen (Figure 3.15a).
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Lesser omentum (“pig’s ear”)

Abomasum
(a)

Lesser omentum (“pig’s ear”)

Abomasum

(b)

Figure 3.14 (a) Abdominal and thoracic cavity of the goat showing what is colloquially known as “pig’s ear”in
the lesser omentum: right lateral view. Dotted line shows the location of the lesser curvature of the
abomasum. (b) Lesser omentum “pig’s ear”: right lateral view of isolated bovine abdominal viscera.



The omenta have a unique ability to promote
hemostasis and healing because of their pro-
nounced angiogenic activity and rich leuko-
cyte cellular contents. Because of their ability

to adhere to adjacent structures, they are fre-
quently used in abdominal surgery to seal off
gastrointestinal defects and promote healing
in various types of abdominal surgery.

The sling around the intestines formed by
the reflection of the deep leaf and its attach-
ment along the right longitudinal groove of
the rumen is the supraomental recess
(Figure 3.15a, b). The cavity created by the
supraomental recess is akin to a holding
hammock. The supraomental recess sus-
pends different segments of the intestines:
jejunum, ileum, cecum, and the spiral part of
the ascending colon (Figure 3.15a).

With help of Figure 3.15(b), gently insert
your gloved fingers in the supraomental

Ruminal
gas cap

Abdominal
wall

Peritoneal
cavity

Superficial leaf of
the greater
omentum

(@)

recess and examine how this recess confines
the intestines away from the body wall, a fea-
ture touted as helpful in keeping the intes-
tines tucked away from surgical incisions
made on the right side of the flank.

To demonstrate the omental bursa, gently
lift the superficial leaf of the greater omentum
with your finger and separate it from the
underline deep leaf. The space between the
superficial and deep leaves is the omental
bursa (Figures 3.13 and 3.15). The bursa
communicates with the peritoneal cavity via

Lumbar vertebra

Descending
duodenum

Ascending colon:
proximal and
distal loops

Cecum
Spiral colon

Supraomental recess

Jejunum

Omental
bursa

Deep leaf of the
greater
omentum

(a) Schematic cross-section of the abdominal cavity which illustrates the disposition of the
superficial and deep layers of the greater omentum. The omental bursa (enlarged for demonstration
purposes) is a paper-thin space between the superficial and deep layers of the greater omentum. The ventral
sac of the rumen projects into the omental bursa. The supraomental recess is a sling formed by the deep leaf
of the greater omentum. It suspends the intestinal mass. (b) Thorax and abdomen in a goat showing the
supraomental recess: right lateral view. Fingers are inserted medial to the superficial and deep leaves of the
greater omentum to demonstrate the supraomental recess.
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Figure 3.15 (Continued)

the epiploic foramen deep to the visceral
surface of the liver (Figure 3.16).

Lift up the liver dorsally to identify the epi-
ploic foramen (Figure 3.16). The foramen is
located between the caudate liver lobe and
caudal vena cava dorsally, and the right lobe
of the pancreas (mesoduodenum) and the
portal vein ventrally. You should be familiar
with these boundaries.

To study the lesser omentum in more
detail, expose the visceral surface of the
liver by lifting the right border dorsally as
seen in Figure 3.13. Trace the attachment of
the lesser omentum from the visceral sur-
face of the liver to the lesser curvature of
the abomasum. Additionally, the lesser
omentum courses dorsocaudally along the
pyloric part of the abomasum and the
beginning of the descending duodenum
(Figure 3.13).

The lesser omentum covers the right surface
of the omasum (Figure 3.13).

(b)

A free slip of the lesser omentum has the
appearance of an ear of a pig and is
colloquially known as the “pig’s ear” (Figure
3.14a, b). The pig’s ear can be used in omen-
topexy, and in identifying the abomasum in
cases of left abomasal displacement.

3.4.4 Ruminant Stomach

The stomach of ruminants is composed of
four complex chambers or compartments:
(i) reticulum, (ii) rumen, (iii) omasum, and
(iv) abomasum, from proximal to distal,
respectively (Figures 3.17a, b and 3.18a-d).
Identify each of these organs in situ and study
the exterior and interior features of each on
an extirpated viscera.

The abomasum is the true (glandular)
stomach and is like that found in monogas-
tric animals (equine and carnivores).

In sity, the rumen dominates the left side of
the abdomen (Figure 3.17a, b). The dorsal and



Descending duodenum

Mesoduodenum

Caudate
liver

3 The Abdomen

Epiploic foramen

Cranial

Gallbladder

Figure 3.16 The bovine abdominal cavity: right lateral partial view. The epiploic foramen is seen ventral to
caudate process of the caudate lobe of the liver and dorsal to the mesoduodenum. The liver is pulled
dorsally to demonstrate the epiploic foramen. Study the complete boundaries of the epiploic foramen from

the text.

Box 3.7

The supraomental recess helps keeps the intes-
tines away from the incision site in right flank
laparotomy (right paralumbar celiotomy).

The omentum provides storage sites for vis-
ceral abdominal fat. Clinically, the omentum
helps in tissue repair when sutured over surgi-
cal wounds (Box 3.5). It readily adheres to sites

of inflammation and provides vascularization
and leukocytes for local immune defense.

Omentopexy is a surgical procedure
whereby the greater omentum is sutured to
the body wall to prevent displacement of
organs from their normal position (e.g., left
abomasal displacement).

ventral sacs are proportionally similar in size
in cattle (Figure 3.18a, b). In contrast, the dor-
sal sac and ventral sacs are asymmetrical in
sheep and goats, with the caudoventral blind
sac extending more caudally than the cuado-
dorsal blind sac (Figures 3.17a and 3.18c).
The following is a detailed description of
each of the four chambers of the stomach.
3.4.4.1 Reticulum

Goal: You should be able to identify the
parietal and visceral surfaces of the
reticulum. Understand the clinical

significance of the proximity and the
close topographic relationship of the
reticulum, diaphragm, and heart. In the
interior, identify the shape or appearance
of the reticular mucosa, the ruminore-
ticular fold, cardia, reticular groove,
and reticuloomasal orifice.

The reticulum forms the first part of the
forestomach (reticulum, rumen, and oma-
sum). It is located largely on the left side of
the median plane cranial to the rumen, cau-
dal to the diaphragm, and dorsal to the
xiphoid process of the sternum (Figure 3.17a).
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Figure 3.17 (a) The abdominal and thoracic cavities in a goat cadaver: left lateral view. The rumen, reticulum,
and the fundus of the abomasum are the major occupants of the left side of the abdominal cavity with the
ruminoreticular compartment dominating most of the left flank in situ. In live animal, the dorsal sac of the
rumen occupies the left paralumbar fossa. Note that the fundic part of the abomasum lies between the
reticulum and ventral sac of the rumen. * Cranial sac is also called the ruminal atrium. Dotted line, left
longitudinal groove. (b) Bovine thoracic and abdominal cavities: left lateral view. The rumen extends from the
cardia (8th rib or 7th intercostal space) to the pelvic inlet. The spleen is relatively enlarged in this cadaver and
covers the lateral wall of the reticulum.

The surface of the reticulum close to the dia- The lumen of the reticulum and rumen are
phragm and left lobe of the liver is called the =~ more or less continuous with each other,
parietal surface. The surface in contact with ~ hence the term ruminoreticular compart-
the rumen is the visceral surface. ment. The ruminoreticular compartment is
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Figure 3.18 (a) Bovine ruminoreticular compartment: left lateral surface. Dotted line is the left longitudinal
groove. The cranial, caudal, left, and right longitudinal grooves encircle the rumen dividing the rumen into
dorsal and ventral sacs. The coronary grooves define the caudodorsal and caudoventral blind sacs. (b) Bovine
ruminoreticular compartment: right lateral view. Dotted line is the right longitudinal groove. The right
longitudinal groove gives off a right accessory groove with a bulge, insula ruminis, in between the two
grooves. (c) Goat’s stomach: left lateral view. Note that the caudoventral blind sac extends more caudally than
the caudodorsal blind sac. Dotted line is the left longitudinal groove. (d) Goat’s four-chamber stomach: right
lateral view. Chambers are the reticulum, rumen, omasum, and abomasum. Dotted line is the right longitudinal
groove. (e,f) Schematic illustrations of the left (e) and right (f) views of a goat’s stomach.
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Figure 3.18 (Continued)
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a site for fermentation (more details about
fermentation in the rumen shortly).

The interior of the reticulum has a charac-
teristic honeycomb appearance (Figure
3.19a-d) allowing for easy identification of this
compartment in an open gastrointestinal
tract.

To understand the clinical significance of the
close topographic relationship of the reticulum,
diaphragm, and heart, review Figure 3.17(a)
and Box 3.9.

Identify the reticular groove on the inte-
rior of the reticulum. The reticular groove is
similar to the human mouth, with cranial and
caudal lips (Figure 3.19b—d). The reticular
groove is the first part of along channel called
the gastric groove. The gastric groove com-
prises three successive grooves: the reticular,
omasal, and abomasal grooves.

Identify the cardia at the proximal end of
the reticular groove and the reticulo-omasal
orifice at the distal end (Figure 3.19d).

Pharyngeal nerve stimulation by suckling
causes the lips of the reticular groove to
come together with subsequent closure of
the entire gastric groove (Box 3.8). The clo-
sure of the gastric groove in nursing calves
allows channeling of swallowed colostrum
and milk directly to the true stomach (abo-
masum) avoiding bacterial fermentation in
the rumen. Thus, the gastric groove forms a
continuous passage from the cardia (open-
ing of esophagus in the ruminoreticular
compartment) directly to the abomasum,
bypassing the interior of the rumen, reticu-
lum, and omasum.

Several factors stimulate closure of the gas-
tric groove (Box 3.8).

3.4.4.1.1 Cardia

In the live animal, the cardia (opening of the
esophagus into the ruminoreticular com-
partment) is located at the level of the 7th
intercostal space or 8th rib (Figure 3.19d).
This information is useful in determining the
length of an esophageal feeder in nursing
calves or gastric tube in yearling steers or
adult cows. The distance can be marked on
the tube by measuring the distance from the

mouth to the 7th intercostal space or point of
the shoulder.

3.4.4.3 Rumen

Goal: On the exterior of the rumen, iden-
tity the dorsal, ventral, cranial, caudo-
dorsal, and caudoventral blind sacs. The
dorsal and ventral sacs are demarcated
by the left and right longitudinal grooves
that are continuous with cranial and cau-
dal grooves. The blinds sacs are demar-
cated by the coronary grooves.

In the interior of the rumen, the outer
grooves will be reflected inside the cavity of
the rumen as pillars. In cattle, the interior
features of the rumen are more developed
than in small ruminants. Identify the rumi-
noreticular fold, cranial, caudal, and left
and right longitudinal pillars. The coro-
nary grooves will be reflected inside the
rumen as dorsal (right and left), and ventral
(right and left) coronary pillars.

The rumen is the largest compartment of
the ruminant’s stomach and is composed of
dorsal, ventral, cranial, and caudal (caudo-
dorsal and caudoventral) blind sacs. It domi-
nates the abdominal topography on the left
side of the median plane where it extends
from the cardia to the pelvic inlet (Figure
3.17a, b).

With the help of Figures 3.17 and 3.18(a-f),
identify the cranial, caudal, left and right
longitudinal, and coronary grooves on the
exterior of the rumen.

Note that the cranial, caudal, and longitu-
dinal (left and right) grooves divide the
rumen into dorsal and ventral sacs. The
coronary grooves outline the left and right
caudodorsal and caudoventral blind sacs
(Figure 3.18a—f).

The ruminoreticular compartment forms a
large fermentation vat for microbial digestion
and generation of volatile fatty acids. Ruminants
void gases, principally methane, produced by
process of fermentation in the rumen. This
process is called eructation (belching).

Make a sagittal incision in the rumen and
remove the contents. Clean the interior with
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Figure 3.19 (a) Bovine rumen opened in situ to demonstrate chambers of the rumen and internal pillars on
the right interior wall of the rumen. 1, caudodorsal blind sac; 2, caudoventral blind sac. The reticulum is held
open by a small stick. Note that the right accessory pillar coursing dorsal and parallel to the right longitudinal
pillar. (b) lllustration of the pillars in the interior of the bovine stomach: left sagittal view. Practice drawing this
sketch on your own. In the ox, the right longitudinal pillar reaches the caudal pillar (the left longitudinal pillar
does not). (c) Bovine stomach: left sagittal view. Star 1, cranial sac (ruminal atrium); star 2, ruminal recess; star 3,
dorsal sac; star 4, ventral sac; star 5, caudodorsal blind sac; star 6, caudoventral blind sac. (d) Opened bovine
rumen: left sagittal view (insert on the left) with a close-up view of the reticular groove (insert on the right).

(e) Close-up view of the interior of the caudodorsal and caudoventral blind sacs and dorsal (right and left) and
ventral (right and left) coronary pillars. The dorsal and ventral coronary pillars separate between the dorsal and
ventral blind sacs and dorsal and ventral ruminal sacs, respectively.
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Figure 3.19 (Continued)

running water in order to identify the internal
structures of the reticulum and rumen (Figure
3.19a—c, e). In the live animal, the ingesta are
stratified with gas and coarse food material
occupying the dorsal aspect of the rumen
while fine, relatively heavy food particles sink
down in the ventral aspect. The dorsal coarse
material covering the cardia is usually regur-
gitated to the mouth for further mastication.
This process is called chewing the cud.

On a left sagittal view, identify the ruminal
pillars that project into the interior surface
of the right ruminal wall (Figure 3.19a, b).
Note that the same pillars could be identified
on the internal surface of the left ruminal wall
(Figure 3.19¢). The left accessory pillar and
insula are vague and will not be identified.

Note that the mucosa of the rumen has
small papillae that give the interior of the
rumen a carpet-like appearance.

The cranial, caudal, and left and right lon-
gitudinal grooves on the exterior wall of the
rumen correspond to internal pillars that
carry similar names to the grooves.

With the help of Figure 3.19(a—c, e), iden-
tify the ruminoreticular fold, cranial and
caudal pillars, right and left longitudinal

3 The Abdomen

Left dorsal coronary pillar

Caudal pillar

Right ventral
coronary pillar

Left ventral
coronary pillar

pillars, dorsal (right and left), and ventral
(right and left) coronary pillars.

The ruminoreticular fold forms a
U-shaped partition between the reticulum
and cranial sac (also known as ruminal
atrium) of the rumen. The ruminal atrium
(or atrium ruminis) is the space between the
ruminoreticular fold and the cranial pillar.
The opening across the U-shaped partition
between the reticulum and atrium ruminis is
known as the ruminoreticular orifice.

The cranial pillar runs obliquely between
the ruminal atrium and the ventral sac (spe-
cifically the cranial part of the ventral sac or
ruminal recess) of the rumen. Do not con-
fuse this pillar with the ruminoreticular fold
(Figure 3-19b).

Identify the atrium ruminis and ruminal
recess as the most cranial parts of the dorsal
and ventral sacs of the rumen, respectively.
The cranial pillar is located between these
two chambers.

The left and right longitudinal pillars
extend from cranial toward the caudal pillar
along the right and left walls of the rumen. They
are continuous with the cranial pillars but may
not reach the caudal pillar (e.g., in cattle the
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right longitudinal pillar extends caudally to
reach the caudal pillar whereas the left longitu-
dinal pillar does not reach the caudal pillar). In
small ruminants, the left longitudinal pillar is
described as indistinct. The left and right longi-
tudinal pillars define the dorsal and ventral sacs.
Caudally in the ruminal cavity, identify the
dorsal (right and left), and ventral (right and
left) coronary pillars that define the caudodor-
sal and caudoventral blind sacs (Figure 3.19a—c,
e). The caudodorsal and caudoventral blind
sacs are separated by the thick caudal pillar.

Keep in mind that there are differences
among animals in development of the dorsal
and ventral coronary pillars. In sheep for
example, the dorsal coronary pillars (left and
right) are absent.

3.4.4.3 Omasum

Goal: You should be able to identify the
parietal and visceral surfaces of the oma-
sum. Appreciate the differences in shape of
the omasum in the ox (round and firm)

The muscular lips of the reticular groove and
the rest of the gastric groove can be stimu-
lated to form a continuous channel by the act
of suckling in young calves. This effect can be
mimicked by drugs containing copper and/or
nicotine sulfates. These chemicals stimulate

the pharyngeal nerve endings that reflexly
induce closure of the gastric groove.

Drench intended for treatment of abomasal
worms contains copper and/or nicotine sul-
fates to induce closure of the gastric groove
and avoid dilution in the rumen.

Hardware disease: This condition is also
known as traumatic reticulopericarditis or
traumatic reticuloperitonitis. Note the close
proximity of the reticulum to the diaphragm
and heart (Figure 3.17a). Cattle use their
tongues to graze and in doing so they may
ingest sharp objects such as nails and wires.
Metal objects could drop to the bottom of
the reticular floor and become lodged within
the reticulum. Contraction of the stomach
could cause sharp objects to penetrate the
wall of the reticulum and diaphragm and
reach the heart. This can lead to a condition

known as traumatic reticulopericarditis or
reticuloperitonitis (commonly known as
hardware disease).

In some farms, magnets are introduced
into the reticulum to reduce the incidence of
hardware disease. Additional preventive
measures include instillation of magnets in
feed mills and forage harvesting equipment.

A firm push with the knee or palm of the
hand on the xiphoid process can be used as a
quick diagnostic test for hardware disease. The
pressure on the sternum could elicit a grunt
suggestive of pain.

Rumen acidosis resulting from lowered pH and
the increased concentration of volatile fatty
acids could lead to ruminal parakeratosis, a
condition characterized by hardening and
enlargement of the papillae of the rumen.
Bloat is another condition that could result
from excessive gas build-up in the rumen

resulting from fermentation. Temporary relief
can be achieved by trocherization of the rumen
on the left paralumbar fossa. Administration of
mineral oil or other antifoaming agents can
eliminate the foam that traps gases.

Rumen hypomotility occurs with grain
overload.




compared with small ruminants (bean-
shaped). In the interior, identify the shape or
appearance of the omasal laminal mucosa,
the reticulo-omasal orifice, and omasal
groove (less distinct when compared with
the reticular groove), omasoabomasal ori-
fice, and vela abomascia at omasoabo-
masal orifice (Figures 3.20/ 3.21a).

The omasum lies right to the reticulum on the
right side of the median plane. The right sur-
face is covered by the lesser omentum (Figure
3.13a). The parietal surface faces the dia-
phragm while the visceral surface is located
toward the reticulum, rumen, and abomasum.

In cattle, the omasum has a firm consist-
ency and an approximately round shape sim-
ilar to that of a basketball. It is bean-shaped
in small ruminants.

To study the interior, make a longitudinal
cut along the lesser curvature of the omasum-

Omasoabomasal
orifice (vela abomascia)
(opened)
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abomasum (abomasal groove) and remove
the contents. Use running water to clean the
interior of the walls.

The interior of the omasum has long lami-
nae dotted with small papillae (Figure 3.20)
with some species having both long and short
laminae. The disposition of the laminae is
similar to the pages of a book and hence the
common name “butcher’s bible.” Identify
the long thin laminae arising from the greater
curvature of the omasum.

The function of the omasum is to press
food between the laminae and absorb water.
The shallow straight passageway on the
lesser curvature between the reticulo-omasal
orifice and omasoabomasal orifice is the
omasal groove. The omasal groove is devoid
of laminae and is continuous with the reticu-
lar and abomasal grooves. The omasal groove
is less distinct than the reticular groove. Do
not look for it.

Omasal laminae of various sizes

Cranial
@

Omasum

Figure 3.20 Omasum and abomasum opened along the lesser curvature (the cut is along the omasal and
abomasal grooves). Note the small variable omasal papillae dotted on the large flat omasal laminae. The
laminae are stacked together giving an appearance of pages of a book. The two folds at the omasoabomasal

orifice form a valve known as the vela abomascia.
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3.4.4.4 Abomasum

Goal: You should be able to identify the
abomasum and its various regions (fun-
dus, body, and pyloric region). Identify
the parietal and visceral surfaces. Know
the difference between the pyloric region
and pylorus (sphincter). Understand
that the abomasum can be displaced to
the right or left of the median plane,
especially in the late stages of pregnancy
and in the postpartum period. You
should be able to identify the torus
pyloricus, a tissue prominence at the
pylorus.

The abomasum has a thin wall and is J-shaped
in appearance (Figures 3.14 and 3.18d). It lies
on the floor of the abdomen mostly to the
right of the median plane. The fundic part of
the abomasum, however, can be seen on
the left side of the median plane between the
reticulum cranially, and ventral sac of the
rumen caudally (Figure 3.17a). The parietal
surface of the abomasum faces the floor of
the abdomen while the visceral surface faces
the omasum and rumen.

Grossly, the abomasum is divided into fun-
dus, body, and pyloric regions. The pyloric
region joins the duodenum, the first segment
of the small intestine.

Open the abomasum along the greater cur-
vature where the superficial leaf of the greater
omentum attaches or along the lesser curva-
ture where the lesser omentum attaches. Empty
the ingesta and rinse the interior with running
water to study the interior (Figure 3.21a).

The pylorus contains the pyloric sphincter
which regulates food passage to the duodenum.
A tissue projection at the pylorus is known as
the torus pyloricus. The torus pyloricus adds
strength to the pyloric sphincter but is some-
times mistaken for tumor in necropsy exams.
Identify the torus pyloricus at the pyloric region
of the abomasum (Figure 3.21a-b).

The interior of the abomasum has perma-
nent spiral folds (Figure 3.21a). The aboma-
sum has a glandular mucosa equivalent to

the true stomach of monogastric animals
(dogs, cats, horse, and pigs).

At the omasoabomasal orifice note the
mucosal folds that form a valve near this ori-
fice. This valve is called vela abomascia. The
vela abomascia is more developed in small
ruminants (sheep and goats) than in cattle.

The narrow interior area of the abomasum
along the lesser curvature is the abomasal
groove. Like the omasal groove, it is less
distinct. The abomasal groove is the third
part of what is known as the gastric (or
esophageal) groove. As discussed earlier,
this groove is formed by the reticular,
omasal, and abomasal grooves. The gastric
groove is more developed in young rumi-
nants. Identify the reticular groove only.

When excessive gas accumulates in the abo-
masum it can cause it to rotate from its nor-
mal location on the right ventral part of the
abdomen. Both left and right abomasal dis-
placements (LAD or RAD) are reported, with
LAD occurring more frequently (Box 3.11).

Goal: You should know that the intestinal
tract lies to the right of the median plane
within the supraomental recess. Identify the
regions and structures associated with the
small intestine (cranial part of the duode-
num, sigmoid flexure, descending duode-
num, caudal duodenal flexure, ascending
duodenum, duodenocolic fold, duodeno-
jejunal flexure, jejunum, mesojejunum,
ileum, ileocecal fold, and ileal orifice).
Identify regions and structures associated
with the large intestine (cecum, cecocolic
orifice, ascending colon [has proximal, spi-
ral, and distal loops], transverse colon, and
descending colon). Identify regions of the
spiral loop (centripetal coils, central flex-
ure, and centrifugal coils). Know the differ-
ence between small and large ruminants in
the disposition of large centrifugal coils.

The intestinal tract comprises the small and
large intestines. It lies mostly to the right of
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Abomasum
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Figure 3.21 (a) Bovine omasum, abomasum, and proximal part of the duodenum (opened along the lesser
curvature). The muscular projection at the pylorus is the torus pyloricus (see also Figure 3.21b). The mucosa of
the abomasum contains cardiac glands (at the omasoabomasal orifice), proper gastric glands (in the fundus
and body), and pyloric glands (at the pyloric region). (b) Distal part of the abomasum, and proximal part of the
duodenum. The abomasum and duodenum are opened and reflected along the lesser curvature.

medianplanebecausethelargeruminoreticular ~ view of the various parts of the intestinal tract
compartment dominates the left side of the  before you start studying the details of each
abdomen. Use Figure 3.22 to study a global  segment.
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Abomasal displacement and abomasal vol-
vulus: several factors such as hypomotility
and gas production contribute to this condi-
tion. Typically, the abomasum can be displaced
from its normal position to the left side of the
body (left displacement of the abomasum;
LDA) or to the right (right displacement of the

abomasum; RDA). Volvulus occurs when the
abomasum rotates on its mesenteric axis.
Surgical correction to prevent recurrence
involves attaching the abomasum to the body
wall (abomasopexy) through right flank
abomasopexy.

With help of Figure 3.22 and the following
description, use goat cadavers to identify
regions of the small and large intestines in situ
and on isolated viscera. In situ, begin by stud-
ying the regions of the duodenum. Pull the
intestines from the supraomental recess and
trace the terminal part of the jejunum to the
colon. Identify the ileocecal fold. Next, study
regions of the ascending colon. Finally, iden-
tify the transverse and descending colon. It
will be difficult to identify the transverse colon
in situ.

Ox
Descending colon

Caudal duodenal flexure

Duodenocolic fold

The small intestine has three parts: (i) duo-
denum, (ii) jejunum, and (iii) ileum. The
ileum joins the large intestine at the junction
between the cecum and the beginning of the
proximal loop of the ascending colon.

3.5.1.1 Duodenum

The duodenum has five identifiable parts:
(i) cranial part, having near its end a sigmoid
flexure, (ii) descending part, (iii) caudal

Ascending duodenum

Distal loop of the

ascending colon

Proximal loop of the
ascending colon

Cecum

lleocecal
fold

lleum

Jejunum

Jejunal (mesenteric) lymph nodes

Descending
duodenum

First centripetal
turn of spiral colon

Cranial

Last centrifugal
turn of spiral colon

Central flexure

Overview of the bovine intestinal tract: right lateral view. The small intestine includes the
duodenum (has several parts), jejunum (longest part), and ileum (defined by the ileocecal fold). The large
intestine consists of the cecum, ascending, transverse, and descending colons. The ascending colon is more
complex. Trace the three loops of the ascending colon (proximal, spiral, and distal loops). The spiral loop has
centripetal turns, central flexure, and centrifugal turns. The last centrifugal fold of the spiral colon in goats
lies close to the jejunum and is adhered to the great mesentery (mesojejunum). Its appearance has been

likened to that of a “pearl necklace”
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Sigmoid flexure

Abomasum Pylorus

Figure 3.23 Isolated bovine abdominal viscera showing the course of the duodenum: right lateral view. Trace
the cranial part of the duodenum off the pylorus, the sigmoid flexure, cranial duodenal flexure (distal part of
the sigmoid flexure), descending duodenum, caudal duodenal flexure, and ascending duodenum. The liver is
pulled dorsally to expose the lesser omentum and the origin of the duodenum from the distal part of the

pylorus. * Duodenocolic fold.

duodenal flexure, (iv) ascending duode-
num, and (v) duodenojejunal flexure.

Find the beginning of the duodenum on
the right side of the abdomen beneath the
visceral surface of the liver. The cranial part
(pars cranialis) of the duodenum begins at
the pylorus and courses caudodorsally over
the dorsal sac of the rumen (Figure 3.23).
Next, it forms a sigmoid flexure (still part of
the pars cranialis). The distal bend of the sig-
moid flexure is called the cranial flexure.
This is where the descending part (pars
descendens) begins.

Reflect the liver dorsally to observe the sig-
moid flexure. Trace the descending part of the
duodenum toward the pelvic cavity.

Near the pelvic inlet and caudal to the root
of the mesentery, the duodenum turns from
right to the left of the median plane to form
the caudal duodenal flexure. On the right
side, it courses cranially to form the ascend-
ing duodenum. Note that the ascending
duodenum is connected to the descending
colon with a peritoneal fold known as the
duodenocolic fold (Figures 3.22 and 3.23).

The duodenum terminates by joining the
jejunum at the duodenojejunal flexure.
There is no need to identify the duodenojeju-
nal flexure.

3.5.1.2 Mesoduodenum

Identify the peritoneum that suspends the
duodenum. This is the mesoduodenum
(Figure 3.23). The right lobe of the pancreas
is enclosed by the double serosal layers of the
mesoduodenum.

3.5.1.3 Duodenocolic Fold

The duodenocolic fold attaches the ascend-
ing duodenum to the descending colon.
Identify this fold at the beginning of the
ascending colon on the right side of the
median plane (Figures 3.22 and 3.23).

3.5.1.4 Jejunum

The jejunum is the longest part of the small
intestine. Its coils are suspended by the mes-
ojejunum around the root of the mesentery.
The mesojejunum is also called the great
mesentery (Figure 3.24b).
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Figure 3.24 (a) Goat: right lateral view. The cecum and intestine are pulled out of the supraomental recess. The
superficial leaf is incised to open the omental bursa. Star, omental bursa. (b) Small and large intestines of the
goat: left view of the cecum and ascending colon. The cecum and ascending colon are pulled cranially. In a
normal arrangement, the part of the spiral colon shown here faces the right wall of the rumen. (c) Isolated goat
abdominal viscera: lateral right view. The intestines are pulled caudally from the supraomental recess. (d)
Abdominal and thoracic viscera in a goat: left lateral view. Note the spillover of the jejunum from the right side
to the left side residing behind the blind sacs of the rumen. (e) Abdominal and thoracic viscera in a goat: left
lateral view. Note spillover of the jejunum and the spiral colon (left surface) from the right side to the left side
because of a relatively empty ruminal compartment. This spill could also be a postmortem event.
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Figure 3.24 (Continued)
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Note that the presence of elongated jeju-
nal (mesenteric) lymph nodes within the
double layers of the mesojejunum (Figure
3.22). Understand that most the jejunal coils
are contained within the supraomental
recess (Figure 3.24a—c) although some coils
may migrate out and can be seen on the left
side of the median behind the blind sacs of
the rumen (Figure 3.24d, e).

Advanced pregnancy and fullness of
the rumen influence movement of the
jejunum.

3.5.1.5 lleum

The gut segment next to the jejunum is the
ileum. It forms the terminal part of the small
intestine and is the shortest part of the small
intestine. It is readily identifiable by its mes-
enteric attachment to the cecum by the ile-
ocecal fold (Figures 3.22 and 3.24a).

3.5.1.6 lleal Orifice

The ileum enters the large intestine and ter-
minates at the ileal orifice. Authors disagree
as to where in the large intestine the ileum
opens. Some authors are of the opinion that
the ileum opens into the proximal part of the
cecum, some suggest the ascending colon,
and others suggest a “no man’s land” at the

junction between the cecum and the begin-
ning of the ascending colon (i.e., at the begin-
ning proximal loop). In any case, the
disagreement does not have any clinical
implications. Opening at the junction
between the cecum and the beginning of the
ascending colon is a safe bet and the name of
the opening (ileal orifice) does not indicate a
preference.

3.5.1.7 lleocecal Fold

Different landmarks define the ileum in
domestic species. The ileocecal fold defines
the location of the ileum in ruminants
(Figures 3.22 and 3.24a).

In horses, the ileum is distinguished by both
the ileocecal fold and by its thicker wall
that gives the impression of a water hose. In
ruminants, the ileum has softer consistency
similar to that of the jejunum.

In dogs, the ileum is defined by the presence
of antimesenteric vessels that are uniquely
located on the opposite side of the mesentery.

3.5.2 Large Intestine

Identify the three regions of the large intes-
tine: (i) cecum, (ii) colon (ascending, trans-
verse, and descending parts), and (iii)
rectum (Figures 3.22 and 3.24a—c).



Of these three parts, the ascending colon is
the most complicated in large domestic ani-
mals. The simplest form is found in humans
and carnivores.

In ruminants, the ascending colon has (i)
proximal, (ii) spiral, and (iii) distal loops
(Figures 3.22 and 3.24b). Further, three parts
form the spiral loop: (i) centripetal coils or
turns, (ii) central flexure, and (iii) centrifu-
gal coils or turns (Figures 3.22 and 3.24b).

3.5.2.1 Cecum and Cecocolic Orifice
In the live animal, the cecum is accessed in the
right dorsal flank. It continues cranially as the
proximal loop of the ascending colon without
an appreciable sphincter or change in tubular
diameter (Figures 3.22 and 3.24a). Consequently,
the cecolic orifice is a less defined site. It is gen-
erally located at the point where the ileum
enters the large intestine at the junction between
the cecum and ascending colon (Figure 3.22).
From the ileum, ingesta travels to the colon.
The cecolic orifice is much more well
defined in the horse and dog.

3.5.2.2 Ascending Colon

The ascending colon is the more extensive
part of the colon. It is divided into the proxi-
mal, spiral (which has centripetal, central
flexure, and centrifugal turns or coils), and
distal loops (Figures 3.22 and 3.24b). The spi-
ral loop is sometimes called the spiral colon.
The next segments of the colon, transverse
and descending colon, are relatively simple.

3.5.2.2.1 Proximal Loop

The proximal loop begins where the ileum
enters the cecum. From there, it continues
cranially, turns in a caudal direction, and
turns again in a cranial direction before mak-
ing a final turn ventrally where it is identified
as the spiral loop or spiral colon. The diame-
ter of the proximal loop is similar to that of
the cecum (Figures 3.22 and 3.24c) but the
spiral loop is of a smaller diameter.

3.5.2.2.2 Spiral Loop
To identify the parts of the spiral loop, pull the
jejunum, cecum, and ascending colon

cranially out of the supraomental recess. With
the help of Figures 3.22 and 3.24(b), (c), trace
the proximal loop to the beginning of the spi-
ral colon. The spiral colon has three parts
where it first turns inwards as centripetal
coils or turns, folds upon itself as central
flexure, and finally it spirals outward as cen-
trifugal coils. In cattle, there are two centrip-
etal turns followed by two centrifugal turns.
In goats, there are three or four turns in each
direction.

In goats, the last centrifugal coil lies close
to the jejunum. It is adhered to the
mesojejunum. This coil has the appearance
of a “pearl necklace” as it often contains
small round fecal balls (Figure 3.24b). In cat-
tle, the last centrifugal coil remains close to
the rest of the spiral colon (Figure 3.22).
While reviewing the parts of the spiral colon,
identify the longjejunal (mesenteric) lymph
nodes embedded within the double layers of
the mesojejunum.

3.5.2.2.3 Distal Loop

The final segment of the ascending colon is
the distal loop (Figures 3.22 and 3.24b, ¢). It
is a single bend of intestine situated slightly
dorsal to the second turn of the proximal
loop. From the terminal part of the distal
loop, the colon crosses from the right to the
left of the median plane as the transverse
colon. The transverse colon turns caudally
and continues as the descending colon on
the left side of the median plane (Figures 3.22
and 3.24c).

Note that in small ruminants (goats and
sheep), the last centrifugal coil of spiral
colon, the distal loop, and the descending
colon may have small fecal pellets that are
covered with fat (Figure 3.24c¢).

For easy identification, note the order of
the proximal loop, distal loop, and caudal
duodenal flexure from ventral to dorsal
(study Figure 3.24c¢). Identify this arrange-
ment on the right flank or on isolated whole
viscera (Figure 3.24c). The proximal loop is
largest and similar in size to the cecum. The
caudal duodenal flexure and distal loop are
similar in size but the distal loop is covered



by fat deposits while the caudal duodenal
flexure is not (Figure 3.24c¢).

Goal: Identify the liver lobes and associ-
ated ligaments of the liver, and the loca-
tion of the gallbladder. Know the location
of the spleen in relation to the rumen.
Know the anatomic differences between
the kidney of the ox and that of small
ruminants (goat and sheep). Identify the
lobes of the pancreas, and know that in
the ox the accessory pancreatic duct is the
main duct whereas the pancreatic duct is
the major duct in small ruminants.

The liver in adult ruminants lies entirely
within the rib cage on the right side of the
median plane behind the diaphragm. The
overwhelmingly large compound stomach
pushes the liver to right side of the median
plane (Figure 3.25a, b).

In adult ruminants, the liver has four lobes,
some of which can be difficult to identify
(e.g., quadrate lobe). On the visceral surface,
identify four liver lobes: left, right, quad-
rate, and caudate lobes.

The caudate lobe has caudate and papillary
processes. The caudate process has an indenta-
tion that embraces the cranial pole of the right
kidney. In horses, the papillary process is absent.

The hepatorenal ligament attaches the cau-
date process of the liver to the right kidney.
There is no need to identify this ligament.

The papillary process is covered by the
lesser omentum and is located near the lesser
curvature of the abomasum.

Unlike the horse, ruminants have a gall-
bladder which lies between the right and
quadrate liver lobes.

The round ligament of the liver courses
from the umbilicus cranially. Find this peri-
toneal ligament between the quadrate and
left lobes of the liver.

Triangular ligaments and coronary liga-
ments anchor the liver to the diaphragm. The

triangular ligaments include left and right
triangular ligaments. The coronary ligament
encircles the caudal vena cava. There is no
need to identify these ligaments.

With the help of Figure 3.25(a, b), identify
the left, right, quadrate, and caudate liver lobes.

The spleen is located on the cranial sac of the
rumen on the left side of the median plane.
Only a small part of its parietal surface is
attached to the diaphragm while its visceral
surface is attached to the cranial sac of the
rumen (Figures 3.26 and 3.27).

The shape and size of the spleen varies
among species. It is relatively small in small
ruminants compared with the ox. It is trian-
gular in sheep, quadrilateral in goats, and
oblong in cattle.

The spleen in your cadaver may be
enlarged if barbiturates were administered
for euthanasia.

The pancreas has right and left lobes that
connect with a body. Identify the right lobe
within the mesoduodenum (Figure 3.23)
along the medial edge of the descending duo-
denum. It is relatively larger than the left lobe.

Find the left lobe of the pancreas medial to
the right lobe of the pancreas in the proxim-
ity of the dorsal sac of the rumen and the left
crus of the diaphragm. The right and left
lobes join the narrow body near the porta of
the liver.

The accessory pancreatic duct is the
major pancreatic duct in the ox. It opens at
the minor duodenal papilla. In contrast, the
pancreatic duct is the major duct in small
ruminants. In small ruminants, the pancre-
atic duct joins the bile duct and the shared
duct opens on the major duodenal papilla.

The bovine kidney has 12-20 small lobes
(multipyramidal kidney). In contrast, the
kidney of a small ruminant (goat or sheep)



Caudate lobe
(caudate process) Right lobe  Left lobe Diaphragm

Gallbladder
(@)
Caudate liver lobe Gall
Right kidney (caudate process) Right liver lobe  bladder

Quadrate liver lobe Left liver lobe

(b)

3 The Abdomen

Figure 3.25 (a) Right lateral projection of the bovine liver between the ventral end of the 6th rib and dorsal
aspect of the last (13th) rib. (b) Goat: right lateral view. Liver lobes as they are seen from the visceral surface of

the liver. The papillary process of the caudate lobe is not visible.
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has a smooth surface similar to that of the
dog (pseudounipyramidal). Additionally,

Liver biopsies in cattle are obtained on the differences also exist in the interior of the kid-
right side at the 10th or 11th intercostal space

at the level of an imaginary line between the
tuber coxae and the olecranon.

Box 3.12

ney in cattle and small ruminants. After pass-
ing the hilus, the ureter in cattle divides into
cranial and caudal principal branches that

Caudodorsal

Spleen Dorsal sac  blind sac

Cranial

Ventral sac of the rumen covered Caudoventral
by superficial leaf (or layer) of the  plind sac
greater omentum

Figure 3.26 The bovine thoracic and abdominal cavities: left lateral view. Note the long and oblong-shaped
spleen on the craniodorsal surface of the rumen (ribs are removed).

Diaphragm Spleen Dorsalsac  Jejunum

Cranial
<~

Abomasum Ventral sac of the rumen covered by superficial
leaf (or layer) of the greater omentum

Figure 3.27 Thoracic and abdominal cavities in a goat: left lateral view. Note the small quadrilateral spleen in
goats compared to the large oblong-shaped spleen in cattle (compare with spleen in Figure 3.26).



Box 3.13

Excessive presence of fibrous tags at the
splenic attachment to the rumen could be

suggestive of traumatic reticulopericarditis.

travel toward the opposite poles of the kidney
(embedded in fat and can be hard to identify).
Each of these principal branches further
divides into several secondary branches (esti-
mate is 18—22), each of which carries a fun-
nel-shaped structure known as the calyx.
Calyces can be defined as major or minor.

Ureter Lobes

Interlobular a.

3 The Abdomen

Cortical and medullary regions are easily
identifiable when the kidney is sectioned
(Figure 3.28a, b). Identify the medullary
pyramids on a cross-section of the bovine
kidney. The apex of each pyramid is known
as the papilla (Figure 3.28b). The apex of each
papilla projects into a minor calyx. Small
papillary ducts open into the minor calyx.
Urine passes from the minor calyces into one
or two major calyces that join the principal
branches of the ureter.

In small ruminants (goat and sheep), the
kidney has a renal pelvis and renal crest

Principal branches of
the ureter

Renal hilus Renal a.v.

Renal cortex

Renal cortex

(a)

Renal pyramid

Renal papillae Calyx

Renal papillae

Renal medulla

(b)

Figure 3.28 (a) Bovine kidney. Figure shows intact (left) and sagittal section (right). (b) Sagittal section of the

bovine kidney showing renal pyramids and renal papillae.
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Kidney (no surface lobes)

Renal hilus

Medulla

Renal medulla

Renal cortex

Renal Renal Renal crest
sinus pelvis
~— wmmm Cortex

Interlobar a./v.

Pyramid

Arcuate a.

Figure 3.29 (a) Goat kidney: intact kidney (left) and median section (right). (b) Goat kidney: a dorsal plane
section (off the center) of a caprine kidney showing the renal pyramids and interlobar vessels.

similar to that of the dog and cat. No renal
pelvis is present in cattle (Figure 3.28a).

The renal artery, vein, and ureter in goats and
cattle can be identified at the hilus, an indenta-
tion where the renal vein and ureter leave the
kidney and the renal artery enters (Figure 3.28).

Identify the renal cortex, renal medulla,
renal crest, renal pelvis, and renal sinus on
median and sagittal sections of the goat or

sheep kidney (Figure 3.29a, b). No calyces are
present in small ruminants.

3.7 Vessels

Vessels are best identified when injected with
colored latex (red for arteries and blue for
veins). Uninjected medium and small-sized



vessels can be hard to identify. Generally,
arteries are best identified on target struc-
tures supplied.

Goal: Identify the aorta, celiac, and cra-
nial mesenteric arteries.

Arteries that supply the abdominal viscera
comprise paired and unpaired vessels that
originate from the abdominal aorta.

The unpaired arteries include (i) celiac,
(ii) cranial mesenteric, and (iii) caudal
mesenteric arteries. Paired arteries include
(i) lumbar, (ii) phrenicoabdominal,
(iii) renal, (iv) gonadal (testicular or ovar-
ian), and (v) deep circumflex iliac arteries.
Your instructor may ask you to identify some
of these arteries. Apart from the aorta, celiac,
cranial mesenteric, and renal arteries, we
tend not to trace other arteries of the abdo-
men if they are not injected.

A brief discussion of the abdominal arter-
ies follows.

The celiacartery gives three major branches:
splenic, left gastric, and hepatic arteries.
Their names indicate their target organs. Each
of the aforementioned three branches of the
celiac artery gives several named branches.

There are usually variations in the origin of
branches from the celiac, left gastric, and
hepatic arteries. Thus, there is little practical
benefit in identifying these branches or trac-
ing their origin. However, you can easily
identify the right ruminal artery (from the
splenic) coursing on the right longitudinal
groove of the rumen. Likewise, the left
ruminal artery (from the left gastric) runs in
the left longitudinal groove.

Arteries running on the greater curvature
of the abomasum are the right and left gas-
troepiploic arteries which anastomose end-
to-end about midway along the greater
curvature. They originate from the hepatic
and left gastric arteries, respectively. The left
and right gastric arteries anastomose on the
lesser curvature of the abomasum. The right
gastric artery is a branch of the hepatic
artery.

The cranial mesenteric artery supplies
the small and large intestines except for the
most caudal segment of the transverse and
descending colon, which are supplied by the
caudal mesenteric artery. Branches of the
cranial mesenteric artery include caudal pan-
creaticoduodenal, middle colic, ileocolic,
right colic, colic branches, mesenteric ileal
branch, and cecal arteries. There is no need
to identify these branches.

The caudal mesenteric artery gives rise to
the left colic and cranial rectal arteries. The
left colic artery supplies the descending
colon. The cranial rectal artery supplies the
first part of the rectum.

Paired arteries include phrenicoabdominal,
renal, gonadal (testicular or ovarian), lumbar,
and deep circumflex iliac arteries. The renal
arteries could be identified on isolated kidney
or a dorsal view of the aorta. The gonadal
arteries are discussed with the pelvis. There
is no need to identify these arteries.

Identify the celiac, cranial mesenteric, and
renal arteries by making a longitudinal inci-
sion of the dorsal wall of the abdominal aorta
(Figure 3.30). Insert your probe on the closely
associated celiac, cranial mesenteric, and renal
arteries from proximal to distal, respectively.

Goal: Identify the caudal vena cava and
portal vein.

Venous return from the abdominal viscera
(stomach, small intestine and the majority
of large intestine, and the spleen) is high in
fat and toxic contents. It drains into the
portal vein which carries venous blood
from the gastrointestinal tract to the liver
for detoxification.

It is important to understand that blood
from the gastrointestinal tract traverses two
capillary beds, one in the gastrointestinal
tract and the other in the liver. From the liver,
detoxified blood reaches the caudal vena
cava via the hepatic veins.

You have identified the cauda vena cava in
the thorax and could do so on the visceral
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Renal aa.

Descending
colon

Descending Cranial

duodenum

mesenteric a.

Aorta opened dorsally

Cranial
—>

Celiac a.

Figure 3.30 Isolated sheep abdominal viscera: dorsal view. The dotted circles show the location of the origins
of the celiac, cranial mesenteric, and renal arteries on the floor of the abdominal aorta.

surface of the liver. Follow its termination
into the right atrium of the heart. The caudal
vena cava drains blood from the pelvis, hind
limbs, and from paired organs (kidney, adre-
nal, and gonads.)

Hepatic veins that drain into the caudal
vena can be demonstrated by opening the
dorsal portion of the caudal vena that trav-
erse the liver.

Your instructor may ask you to identify the
portal vein and or its branches. It is formed
by the merger of the cranial mesenteric,
caudal mesenteric, splenic, and gastrodu-
odenal veins.

3.7.3 Lymphatics

Goal: Understand the major lymph cent-
ers of the abdomen. Identify the jejunal
(mesenteric) lymph nodes (Figure 3.22).

The function of the lymphatic system is to
carry large particles that are too bulky to be
drained by veins. Lymphatic vessels start as
small lymph capillaries and ultimately merge
to form large lymphatic vessels (e.g., thoracic
duct, intestinal, lumbar, and other trunks).

The thoracic duct joins the large veins near
the thoracic inlet.

Lymph passes through lymph nodes for fil-
tration before joining the venous system.
Lymphocenters consist of a single lymph
node or multiple nodes.

Lymph from the abdomen is drained by
three large lymphocenters: (i) celiac, (ii) cra-
nial mesenteric, and (iii) caudal mesenteric
lymphocenters.

Large numbers of lymph nodes are associ-
ated with each of the centers. Note that each of
these lymphocenters drains an area supplied
by similarly named unpaired arteries (celiac,
cranial, and caudal mesenteric arteries).

Lymph nodes of the celiac lymphocenter
receive lymph from organs and lymph nodes
associated with the celiac arteries. The nodes
include gastric (in ruminants, these are
referred to as the various ruminal, reticu-
lar, etc. nodes), hepatic, splenic and (pan-
creaticoduodenal lymph nodes drain to
the colic or intestinal trunk).

The nodes of the cranial mesenteric lym-
phocenter receive lymph from the cecal,
colic, and jejunal lymph nodes. The jejunal
lymph nodes (also called mesenteric lymph



nodes) are very long and are in the mesojeju-
num close to the mesenteric border of the
jejunum (Figure 3.22).

The caudal mesenteric lymph nodes are
associated with the descending colon and
caudal mesenteric artery.

Goal: Understand that rectal palpation is
useful technique in diagnosis of pregnancy
and evaluation of the health of bull
accessory sex glands. In the abdominal
region, you can palpate the abdominal
organs that lie close to the pelvic cavity
(e.g., apex of the cecum and dorsal blind
sac of the rumen). You need to develop an
ability to visualize the location of abdomi-
nal organs on the left and right flanks
based on your anatomical knowledge.
Several bony prominences (e.g., transverse
processes of lumbar vertebral spines), ves-
sels, and soft structures can be palpated by
hand on the surface of the body.

Example of organs on the left flank are the
rumen and the spleen. The intestinal mass,
including the cecum, occupies the caudal
part of the right half of the abdomen. The
liver, abomasum, and descending duodenum
are located on the right side of the median
plane. Note that the paralumbar fossa is well
developed in the cow.

Palpation per rectum is a valuable diagnos-
tic technique that you need to master to
become a skilled practitioner. In bovine prac-
tice, palpation per rectum is one of the most
frequent procedures performed by veterinar-

Examples of organs that can by palpated per
rectum in an average sized cow: caudal
blind sacs of the rumen, left kidney, apex of
cecum, uterus, ovaries, accessory sex glands
in mature bulls which include vesicular, bul-
bourethral, and prostate glands.

ians. The size of the animal and length of arms
of the examiner can influence the outcome.

Rectal palpation in cattle can be used for
manual determination of pregnancy or, by
using transrectal ultrasonography, to exam-
ine a fetus. In males, it may be used for evalu-
ation of accessory sex glands in bulls as part
of the bull soundness examination (BSE) and
in diagnosis of diseases.

Skill and clinical acumen in rectal palpa-
tion is built by practice and by sound knowl-
edge of the anatomy and physiology of
ruminants (read Box 3.14 for examples of
organs palpable per rectum).

There is no need to identify items in italics.
Abdominal wall and segments of the gastro-
intestinal tract

1. Know muscles of the abdominal wall and
the direction of their fibers

Cutaneous trunci m.
Cutaneous omobrachialis m.
External abdominal oblique (EAO)
Internal abdominal oblique (IAO)
Transverse abdominis (TA)
. Rectus abdominis (RA)
2. Tunica flava
Paralumbar fossa
Understand the innervation of the
abdominal flank (local anesthesia)
Stomach
Spleen
Cardia
Reticular groove
Reticulum
10. Rumen

a. Right and left longitudinal grooves

b. Cranial groove

c. Caudal groove

d. Blinds sacs (caudodorsal and cau-
doventral blind sacs)
Ventral and dorsal sacs
Ruminoreticular fold
g. Cranial sac (ruminal atrium)
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11.
12.
13.
14.

15.

16.
17.
18.
19.

Ruminal recess

Cranial pillar

Caudal pillar

Coronary pillars (in sheep the left
dorsal coronary pillar is absent)

1. Right longitudinal pillar

Omasum

Reticulo-omasal orifice

Omasoabomasal orifice

Abomasum

a. Torus pyloricus

Greater omentum (superficial and deep
leaf)

Omental bursa

Lesser omentum

Supraomental recess

Duodenum

a. Sigmoid flexure

b. Descending duodenum

e

20.
21.
22.
23.
24.

25.

26.
27.
28.
29.
30.

c. Caudal duodenal flexure

d. Ascending duodenum

Jejunum

Ileum

Ileocecal fold

Cecum

Colon (ascending-transverse and

descending)

Ascending colon

a. Proximal loop

b. Spiral loop (centripetal turns, central
flexure, and centrifugal turns)

c. Distal loop

Transverse colon

Descending colon

Kidney (know the term calyx)

Liver lobes

Gallbladder (know location)



Identify the bones and major muscles of the
pelvis. Some of the pelvis bones have fea-
tures that are palpable in the live animal
(e.g., ischial, coaxial, and sacral tubers).

Identify the major nerves of the lumbosacral
plexus and terminal branches of the abdom-
inal aorta to the bladder and reproductive
organs. Know the clinical significance of
some of the major nerves and arteries (e.g.,
peculiar pulsation in the uterine artery dur-
ing pregnancy, obturator nerve compres-
sion during calving, and damage of dorsal

nerve of the penis in bulls intended for
breeding services).

Identify and know the clinical significance of
the different parts of the male and female
reproductive systems. Pay specific attention
to the anatomy of the urethra in male and
female and what makes catheterization dif-
ficult in male ruminants (penile sigmoid flex-
ure and dorsal urethral recess). Understand
that female ruminants have a suburethral
diverticulum that you should avoid when
passing a catheter.

Guide to Ruminant Anatomy: Dissection and Clinical Aspects, First Edition. Mahmoud Mansour, Ray Wilhite, and Joe Rowe.
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/mansour/dissection
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» Know the clinical significance of the penile
sigmoid flexure, the pudendal and dorsal
nerves of the penis in the male.

o You should be familiar with the anatomy of
the female reproductive tract for physical
diagnosis and palpation of the ovary, pul-
sation in the uterine artery during preg-
nancy, identification of the cervix when

performing artificial insemination (Al), and
so on.

o Identify the mammary duct system and
know the innervation and blood supply of
the udder.

o Identify and know the clinical significance of
the mammary lymph nodes or superficial
inguinal lymph nodes (mastitis).

4.1 Bones of the Pelvis

Goal: Start by identifying the bones of the
pelvis. Understand the terms pelvic inlet
and pelvic outlet. Study male and female
reproductive organs, urinary bladder, per-
itoneal pouches, vessels, and nerves
within the male and female pelvis.

4.1.1 Os Coxae (Pelvic Bone)

The pelvic bone (0s coxae) comprises three
fused bones: the ilium, ischium, and pubis.
Identify the major features of the pelvic
bones that are palpable in the live animal
(Figure 4.1): tuber coxae (coxal tuber), tuber
sacrale (sacral tuber), and tuber ischium
(ischial tuber).

Greater ischiatic notch

Cattlemen call the coxal tuber the “hook”
and the sacral tuber the “pin.” With help of
Figure 4.1, identify the ischiatic spine, body
(shaft) of the ilium, pecten, obturator
foramen, ischiatic arch, and the pelvic
symphysis.

The pelvic inlet is bounded dorsally by
the promontory of the sacrum, laterally
by the left and right bodies of the ilia, and
ventrally by the pubic pecten or pubic brim.
Note that the vertical diameter of the pelvic
inlet is relatively larger than the transverse
diameter.

The pelvic outlet is bounded by the sacros-
ciatic ligament laterally, the ischiatic arch
ventrally, and 3—4 caudal vertebrae dorsally.

The space between the pelvic inlet and
outlet is the pelvic canal.

Ischiatic spine

Obturator
foramen

Tuber ischium
(pin)

Lesser ischiatic
notch

Greater
trochanter

Figure 4.1 Bones of the bovine pelvis. Note the vertical and horizontal diameters of the pelvis. They are
important measurements used for predicting calving difficulties. Differences in pelvic inlet and outlet exist

between the male and female pelvis (Box 4.1).



Because the vertical diameter of the pelvic
inlet and birth canal is larger than the trans-
verse diameter, it is possible to twist a large
fetus vertically to ease its birth in cases of dys-
tocia (difficult birth).

A pelvimeter is an instrument used for
measurement of vertical and horizontal
dimensions of the pelvis. This exercise can be
used in eliminating heifers with a small pelvis
from breeding.

Goal: Identify the sacrosciatic ligament
(forms the non-osseous lateral wall of
the pelvic cavity) and the neurovascular
structures that are located on its lateral
and medial surfaces. Know the major and
lesser ischiatic foramina and what struc-
ture passes through each.

The sacrosciatic ligament is a broad sheet of
connective tissue that forms the dorsal softer
part of the lateral wall of the pelvic cavity
(Figure 4.2). The ventral part of the lateral
wall of the pelvis is formed by the body of
ilium and ischium.

As in the horse, the course of the sacrosci-
atic ligament on the ischiatic spine and over
the greater and lesser ischiatic notches of the
bovine pelvis allow for formation of the greater
and lesser ischiatic foramina, respectively.

Greater ischiatic foramen

Tuber sacrale

Tuber coxae +— A

Cranial gluteal
a.andv.

Cranial gluteal n.

Sciatic n.

Deep gluteal m.
(cut)

Acetabulum

Identify the ischiatic spine and the greater and
lesser ischiatic notches on a bovine or caprine
skeleton (Figures 4.1 and 4.2).

The sciatic (or ischiatic) nerve, cranial
gluteal vessels (artery and vein), cranial
and caudal gluteal nerves pass through the
greater ischiatic foramen. The caudal glu-
teal artery and vein pass through the lesser
ischiatic foramen.

In horses, the tendon of the internal obtu-
rator muscle passes through the lesser ischi-
atic foramen but no vessels or nerves passes
through it. With the help of Figure 4.2, iden-
tify the sacrosciatic ligament, the greater and
lesser ischiatic foramina, and the structures
that pass through these foramina.

Goal: Know that the reflection of the
peritoneum in the pelvic cavity forms four

Caudal gluteal n

Sacrosciatic
ligament

Cutaneous branch
w———— of pudendal n.

Ischiatic
Y tuberosity

~__ ——— Gemellim.

Lesser ischiatic
foramen

Obturator foramen Caudal gluteal a. and v.

Schematic illustration of the bovine sacrosciatic ligament and the structures passing through the

greater and lesser ischiatic foramina: left lateral view.
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peritoneal pouches or fossae. From dorsal Box 4.2
to ventral, identify the pararectal fossa,
rectogenital pouch, vesicogenital pouch, Slackening (softening) of the sacrosciatic
and pubovesical pouch. Know the dorsal ligament is an indication for an impending
and ventral boundaries for each pouch. parturition. The softening is thought to be
caused by secretion of the hormone relaxin
Before you start learning the pelvic viscera, take from both the ovary and placenta.
amoment to study the pelvic peritoneal pouches
on a median sagittal section of a female or male The pouches are created by continuations
pelvis or on a complete pelvis looking caudally =~ of abdominal parietal peritoneum into the
onto the pelvic inlet (Figure 4.3). pelvic cavity. They project in and around the

Pararectal
fossa

pouch

Vesicogenital &
pouch

Pubovesical
pouch

First sacral vertebral

Mesorectum

Broad ligament

1. Pararectal fossae
2. Rectogenial pouch
3. Vesicogenital pouch
4. Pubovesical pouch
Right lateral ligament
of the bladder bladder Left lateral ligament
of the bladder
Median ligament
of the bladder

Figure 4.3 (a) Pelvic peritoneal pouches. Female bovine pelvis: sagittal section. 1, rectum; 2, uterus; 3, vagina;
4, bladder; 5, pubic bone; dotted line, pelvic symphysis, black star, rectovaginal septum or perineal body.
(b) Cranial view of the pelvic bovine (cow) pouches and ligaments of the bladder.



digestive, genital, and urinary organs. They
represent the most caudal extent of the pari-
etal peritoneum.

From dorsal to ventral, four pouches
are recognized: the pararectal fossae, rec-
togenital pouch, vesicogenital pouch, and
pubovesical pouch.

The pararectal fossae are the peritoneal
spaces on either side of the mesorectum.
They continue ventrally to merge with the
rectogenital pouch.

The rectogenital pouch is the peritoneal
space between the rectum and genital tract
(uterus and cranial part of the vagina in the
female or ductus deferens and genital fold in
the male).

The vesicogenital pouch is the peritoneal
space between the genital tract (uterus and
cranial part of the vagina in the female or
genital fold in the male) dorsally and the uri-
nary bladder ventrally.

The peritoneal space between the bladder
and the pubic floor is the pubovesical pouch.
With the help of Figure 4.3, identify each
pouch by inserting your gloved fingers or
probe between the structures that form the
boundary for each pouch.

In male cadavers, note the peritoneal fold
located on dorsal surface of the bladder contain-
ing the ampullae of the deferent ducts. This is
the genital fold. As discussed earlier, the peri-
toneal space between the genital fold and the
bladder in the male is the vesicogenital pouch.

Goal:Identify the ureters, the three peritoneal
ligaments that suspend the bladder in the

pelvic cavity: the lateral, medial, and median
ligaments of the bladder. Identify the round
ligaments of the bladder (remnant of the fetal
umbilical arteries) that are located within the
lateral ligaments.

The urinary bladder is positioned in the pel-
vic cavity when it is empty. The bladder in
your embalmed cadaver may be stiff in tex-
ture and contracted. If you are working on a
cadaver with abdominal contents present, fol-
low the ureters from the hilus of the kidney
to the dorsal wall of the urinary bladder where
they terminate close to the neck of the blad-
der. If you are working on an isolated pelvis,
look for the stump of the ureter on the dorsal
aspect of the urinary bladder near the neck.

Three peritoneal ligaments suspend the
urinary bladder in the pelvic cavity (Figure
4.3b): left and right lateral ligaments and
the median ligament of the bladder. The
median ligament extends from an area cau-
dal the umbilicus on the dorsal surface of the
linea alba and parietal peritoneum to the
mid-ventral surface of the urinary bladder.
The lateral ligaments extend from the lateral
walls of the urinary bladder to the left and
right pelvic walls. They carry the round liga-
ments of the bladder on their peripheral
borders. Identify the ligaments of the bladder
on an intact pelvis.

Goal: You should be able to identify the
major male reproductive structures includ-
ing the testes and their adnexa, penis,
prepuce (sheath), and accessory sex glands.
These structures are examined in breeding

The peritoneal pouch determines the caudal
extent of the peritoneum. Vaginal and rectal
tears caudal to these pouches carry favorable
prognosis compared to tears involving the
pouches and therefore the peritoneum and
the possibility of peritonitis.

Rectovaginal fistula is a complication of
dystocia that results from a difficult birth
when a malpresented or oversized calf tears
through the rectovaginal septum (perineal
body), a musculofibrous tissue that separates
the rectum from the vagina.
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soundness examination (BSE) of bulls. At
the end of this unit watch video 11.

The male genitalia comprise paired testes
and their adnexa, penis, prepuce, and
accessory sex glands.

4.5.1 Penis

Goal: Know that male ruminants have a
fibroelastic penis compared to the muscu-
locavernous type of penis of the equine.
Dogs have bone (os penis) incorporated in
the distal part of the corpus cavernous
penis. Bulls, bucks (billy), and rams have
no bone in their penises.

Identify the corpus cavernosum penis
(CCP), corpus spongiosum penis (CSP),
and tunica albuginea (TA) penis sur-
rounding the CCP. Identify the sigmoid
flexure and its proximal and distal
bends.

Note the post-scrotal position of the
sigmoid flexure in small and large male
ruminants. Identify the urethral process
in the bull and small ruminants. Know
where the penis has a weak TA that could

Vesicular glands

W’ Urethralis m.

Ductus
deferens

Urinary
bladder

Sigmoid flexure:
1. Proximal bend
2. Distal bend

Glans penis

Prepuce (opened)

Testis

rupture from increased blood pressure in
the CCP.

Understand that a major contributor to
the thinness of the TA on the inside of the
distal bend is the stretching when the sig-
moid flexure straightens upon erection,
similar to a glove thinning if you pull it
tight over your finger.

Identify regions where the urethral
diameter becomes small (potential loca-
tion for urethral calculi). Understand the
importance of the dorsal nerve of the
penis, the size of the testis, physical condi-
tions, and accessory sex glands in BSE in
bulls.

The penis of male ruminants is of the fibroe-
lastic type. It is rigid in a non-erect state. It is
characterized by the presence of a sigmoid
flexure and well-developed retractor penis
(Figure 4.4). The penis is topographically
divided into root, body, and glans (Figure
4.4). Clinically sound anatomy of the penis is
very important for bull breeding soundness
and must be examined for any bruises and
injuries.

Prostate gland

Bulb of
penis

Left crus
of penis (cut)

Retractor
penis m.

Sigmoid
flexure
of penis

Figure 4.4 |solated urogenital tract of the bull (urinary bladder, penis, accessory sex glands, and testis). Note
the pre-scrotal position of the sigmoid flexure. Keep this location in mind when palpating the sigmoid flexure
in the live animal. 1 and 2, the proximal and distal bends of the sigmoid flexure, respectively (review the

clinical significance of the sigmoid flexure in Box 4.6).



4.5.1.1 Root of the Penis and
Cavernous Tissue
The root of the penis is composed of two
lateral (left and right) crura and a midline
located bulb of the penis. The crura attach
the root of the penis to the left and right
ischiatic tuberosities (pins) on the os
coxae.

The penis is also attached to the ischial arch
and pelvic symphysis by a pair of collagenous

Body of the prostate

Vesicular gland

Ampulla of
ductus deferens

Ductus deferens ——

Testicular vessels

Sigmoid flexure

Urethralis m.
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sheets known as the suspensory ligament of
the penis (Figure 4.5). There is no need to dis-
sect this ligament.

Each crus is composed of cavernous tissue
CCP, surrounded by a layer of dense colla-
genous connective tissue, TA penis. A short
ischiocavernosus muscle covers each crus
(Figure 4.5).

The bulb of the penis is the enlarged
middle portion of the root. The bulb is an

Bulbourethral gland

Bulbospongiosus m.

Ischiocavernosus m.

Retractor penis m.
Superficial

of the penis
(proximal bend)

Bull

Tunica
albuginea

Corpus
spongiosum

inguinal lymph
nodes

Sigmoid flexure of
the penis (distal bend)

Corpus
cavernosum

Deep vein
of the penis

Urethra

Figure 4.5 (a) Schematic illustration of the reproductive tract of the bull in situ. Note the location of the
superficial inguinal lymph nodes which are also known as scrotal lymph nodes. They drain the scrotum,
prepuce, and penis but not the testes. Star, suspensory ligament of the penis (bilateral). (b) Cross-section of the

bovine penis at the level of the sigmoid flexure.
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expansion of the proximal end of the CSP.
This expansion is covered by the bulbospon-
giosus muscle (Figure 4.4). Study the struc-
tures that make up the root of the penis with
the help of Figures 4.4 and 4.5.

The body of the penis is the region
between the root and the glans (Figure 4.4).
It characterized by the presence of an S-
shaped sigmoid flexure, a clinically impor-
tant feature. In the non-erect penis, the
sigmoid flexure is situated caudal to the neck
of the scrotum (post-scrotal position).

The post-scrotal location of the sigmoid
flexure in the bull is different from that in the
boar where the sigmoid flexure has a pre-
scrotal position. In boars, the testicles have a
perineal position, whereas in ruminants the
testicles are vertically suspended below the
pelvic floor.

4.5.1.2 Free Part of the Penis and

Glans Penis

The free part of the penis and the glans are the
regions of the penis distal to the attachment
of the internal lamina of the prepuce (Figure
4.6b). The glans is most proximal enlarge-
ment at the tip of the penis (Figures 4.4, 4.6a,b,
and 4.7a-b). It asymmetrical in shape. Push
the prepuce backward to expose the free part
of the penis and glans penis (Figure 4.7a,b).

A shallow ridge of skin along the ventral
surface of the free part of the penis is called
the raphe of the penis (Figure 4.7b). The
raphe of the penis is a thickening of the
tunica albuginea on the midventral line of
the free part of the penis. It extends from the
preputial fornix to the tip of the glans on the
right side (Figure 4.7b).

Note that in small male ruminants (rams
and bucks), the glans has a long urethral pro-
cess that extends a few centimeters beyond
the glans. In contrast, the bull urethral pro-
cess does not extend beyond the glans (Figure
4.7b). The external urethral orifice is located
at the tip of the urethral process.

4.5.1.3 Retractor Penis Muscle
The retractor penis comprises well-
developed, paired smooth muscles that are

separated at their origin but come together at
their insertion on the ventral surface of the
distal bend of the sigmoid flexure and beyond
(Figures 4.4 and 4.5a).

The retractor penis muscle originates from
the caudal vertebrae dorsally, pass on each
side of the external anal sphincter muscle
(where a few fibers from external and inter-
nal sphincter muscles are added), and inserts
distally at the ventral surface of the distal
bend of the sigmoid flexure in small rumi-
nants. In the bull, the muscle continues dis-
tally to insert on the free part of the penis.

The retractor penis muscle is innervated
by sympathetic fibers that are thought to
travel through the caudal, rectal, or deep per-
oneal nerves to reach the muscle. Relaxation
of the retractor penis muscle is essential for
attainment of full erection and straightening
of the sigmoid flexure.

Make cross-sections of the body of the penis
proximal and distal to the sigmoid flexure
and compare the size of the urethral lumen
in the two cross-sections. Note that the ure-
thra is narrower at the distal bend than its
diameter in cross-sections proximal to the
sigmoid flexure. In general, the sigmoid flex-
ure of the penis is a typical site for obstruc-
tion by urinary calculi, especially at the
distal bend.

The penile urethra runs on the mid-ventral
urethral groove of the penis. It is surrounded
by CSP. Identify the CCP and CSP on cross-
sections of the body of the penis (Figure 4.5b).

4.5.1.4 Apical Ligament
Identify the apical ligament on the dorsum
of the distal portion of the penis of the bull
(Figure 4.6). The apical ligament typically
arises from the dorsal midline of the TA
approximately 8 inches from the penile tip
(Figure 4.6b). The fibers are shorter but more
firmly attached on the left and longer and
more easily undermined on the right side.
Defects of the length, strength, or attach-
ment of the apical ligament can lead to path-
ological penile deviations.

Male goats and sheep have apical ligaments
but, unlike the single apical ligament of the
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Figure 4.6 (a) Right lateral, left lateral, and dorsal views of the apical ligament in the penis of the bull. Source:
adapted from Garrett, P.D. (1988) Guide to Ruminant Anatomy Based on the Dissection of the Goat, lowa State
University Press. (b) Dissection of the apical ligament on the dorsum of the bull penis: right lateral view. The
apical ligament is a feature of the tunica albuginea covering corpus cavernosum penis (CCP). It arises distal to
sigmoid flexure from the dorsal midline and left side, with thinner fibers on the left side (a).

Box 4.4

Abnormalities in the strength of the apical lig-
ament can cause spiral, ventral, and S-shaped
deviations of the penis. The ligament can be
dissected out and reinforced surgically. Two
surgical procedures have been described:
(i) apical ligament splitting and interweaving,
and (ii) fascia lata autographing. Sexual rest for
2 months is recommended.

The apical ligament can be used to facilitate
extraction and handling of the penis during some
surgeries (e.g., preputial injuries such as prolapse
abscesses, papilloma, persistent frenulum, and
fractured penis). Typically, the penis is extended
and grasped with a gauze pad. A penetrating
towel forceps is placed deep to the dorsal apical
ligament in the area proximal to the glans penis.
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Preputial cavity

Free part Glans Opened
of penis prepuce
(internal lamina)
(@)

External
urethral
orifice
Urethral
process

Urethral
process

Figure 4.7 (a) The free part and glans of the penis: right lateral view. The right lateral wall of the prepuce is
transected longitudinally and removed to expose the preputial cavity and the free part of the penis.

(b) The glans penis in the bull and small male ruminants (buck and ram): right lateral view. Note the extension
of the urethral process beyond the glans in the penis of small ruminants (2-4 cm). The internal lamina of the
prepuce is peeled backward.

bull’s penis, these animals have two lateral 4.5.1.5 Dorsal Nerve of the Penis

ligaments situated on each side of the apex  Identify the dorsal nerve, artery, and vein of
of the penis with no outward connection  the penis coursing distally on each side of
over the dorsal surface of the penis. Do not  the dorsal wall of the penis (all are paired
attempt to dissect these ligaments. structures) (Figure 4.8).
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In situ dissection of the bull reproductive tract showing the dorsal nerves of a bull penis and the

sigmoid flexure.

The dorsal nerve of the penis is a branch
(continuation) of the pudendal nerve. The
nerve supplies important sensory fibers to
the glans penis. The integrity of pudendal
nerve is critical for breeding soundness of
the bull and its ability to inseminate a cow
(Box 4.5).

The male urethra is technically divided into
pelvic urethra (within the pelvic cavity) and
penile urethra (within the penis). It trans-
ports urine from the urinary bladder to the
exterior. The urethra is a potential site for
calculi deposition and bacterial infections.

The dorsal nerve of the penis can be blocked
on the exterior dorsal wall of the penis.
Alternatively, the pudendal nerve can also
be blocked inside the pelvic cavity along the
inner surface of the sacrosciatic ligament or
as it crosses the ischiatic arch. Pudendal
nerve block leads to relaxation of the penis
and hence facilitates clinical examination.

As discussed earlier, the urinary bladder is
located within the pelvic cavity when is
empty. It extends further cranial in the abdo-
men when distended.

In the bull, the dorsal surface of the distal
bend of the sigmoid flexure is a frequent site
for penile rupture and hematoma, an emer-
gency condition that typically requires surgical
intervention. This condition is a common
injury in breeding bulls during mating when
thereis a sudden bend of an erect penis during
breeding. A serious injury left unattended can
lead to hematoma, infection, and possible
retirement of the affected bull.

The sigmoid flexure is also a frequent site for
calculi (obstructive urolithiasis), especially in

young male pet ruminants (bucks and rams)
that have been castrated at young age for
marketing. The condition can also be secondary
to feeding pet goats special diets. For example,
hay containing high amounts of oxalates pro-
motes oxalate stone formation. Similarly, a diet
composed of high amounts of calcium-contain-
ing grains, legumes, or clover hay promotes the
formation of calcium carbonate calculi.

The urethral process in small male rumi-
nants can also be a potential site for urolith
obstruction (obstructive material formed from
mucus, proteins, and minerals).




Make a mid-ventral incision on the ventral
wall of the bladder and locate the openings of
the ureters inside the bladder cavity. Note
that the ureters tunnel for short distance
inside the dorsal wall of the bladder before
they open inside the urinary bladder. This
helps prevent backflow of the urine to the kid-
neys when the urinary bladder is full.

Make a note of the relationship of the ure-
ters and ductus deferens. Note that the left and
right ductus deferens course from the inguinal
canal and pass caudally and dorsally to reach
the roof of the bladder. Here they course medial
(i.e., below) to the ureters. Because of this rela-
tionship, it is recommended that you avoid
excessive pulling of the ductus deferens in cas-
tration procedures. Forceful pull on the ductus
deferens could result in tearing of the ureters,
a disastrous outcome.

The triangular area on the inner dorsal
wall of the neck of the urinary bladder
defined by the two openings of the ureters in
the bladder and opening of the bladder into
the urethra is called the trigone of the blad-
der (Figure 4.9a,b).

The male urethra forms a dorsal recess or
diverticulum deep to the bulb of the penis
(the area between the left and right crus of
the penis). The diverticulum can be demon-
strated by making a vertical cut through the
midline of the bulb of the penis down to the
lumen of the urethra.

Note the dorsal recess formed at the junction
of the pelvic and penile urethra in the most
proximal part of your cut. Insert the tip of your

probe in the lumen of the proximal penile ure-
thra and move it dorsally until the tip of the
probe becomes trapped in the recess at the
point where the penile urethra turns cranially
toward the pelvis to become the pelvic urethra.
Note the clinical significance of the dorsal ure-
thral recess in male ruminants (Box 4.7).

You should be able to identify the external
and internal laminae of the prepuce, prepu-
tial orifice, preputial cavity, and free part
of the penis. Clinicians call the prepuce “the
sheath.” With the help of Figures 4.7(a) and
4.9(c), identify these parts.

The prepuce consists of an external prepu-
tial lamina (has hair; Figure 4.9c) and internal
preputial lamina (without hair; Figure 4.7a).

The external lamina is continuous with the
skin of the abdomen. The internal lamina of
the prepuce lines the preputial cavity in the
non-erect state. The preputial cavity houses
the free part of the penis (Figure 4.7a).

The preputial orifice (opening at the junc-
tion of the external and internal laminae) is sur-
rounded by preputial hair ring (Figure 4.9c).

Clinically, preputial injuries are common
especially during breeding seasons (e.g., pre-
putial lacerations and preputial prolapse).

The presence of the dorsal urethral divertic-
ulum and the sigmoid flexure make it
difficult to catheterize a male ruminant.

Separation of the internal lamina of the prepuce
from the free part of the penis occurs at puberty.
Failure of this process, when the internal lamina
remains attached to the free part of the penis, is
known as persistent frenulum. Persistent
frenulum causes the penis to bend and prevent
full extraction of the penis during erection.
Persistent frenulum is a heritable condition.

Hair at the preputial orifice occasionally
becomes entrapped, forming a tight ring
around the penis in bulls. It can be source of
serious penile and preputial injuries. Hair rings
occur in young bulls exhibiting homosexual
behavior when they mount each other.
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Figure 4.9 (a) Schematic illustration of a longitudinal section of the urinary bladder to show an opening of the
ureter on the craniodorsal surface of the urinary bladder. (b) Schematic illustration of the inner dorsal surface
(roof) of the urinary bladder showing the trigone of the bladder: ventral view. (c) The testes and prepuce
(external lamina) of the bull: left lateral view. Note the vertically suspended (pendulous) testicles.
Rudimentary teats may be present on the scrotum. The external lamina of the prepuce is very long and
extends from the scrotum to the umbilicus. Note the preputial hair ring around the external preputial
orifice. The external lamina is continuous with the skin of the abdominal wall dorsally.

4.5.4 Superficial Inguinal (Scrotal) are located on each side of the body of the
Lymph Nodes penis above the sigmoid flexure (Figure 4.8)
or above the base of the udder in the female.

The superficial inguinal lymph nodes (also In the male, they drain the scrotum, prepuce,

called scrotal or mammary lymph nodes)



and penis but not the testis. Lymph from
the testicles is drained through independent
lymphatic vessels coursing within the sper-
matic cord. In the female, these nodes drain
the udder and skin of the medial thigh region.

Lymph from both the superficial inguinal
lymph nodes and the testicles drain into the
medial iliac lymphocenter. This center is
located at the terminal branches of the
abdominal aorta.

In ruminants, the penis receives blood from
the artery of the penis, a terminal branch of
the internal pudendal artery (Figure 4.10a).
The arterial distribution of blood to the penis
in male ruminants is similar to that of the
dog but differs from that of the stallion.

At the root of the penis, the artery of the
penis terminates by giving rise to the artery
of the bulb of the penis (supplying the bulb
and CSP), the deep artery of the penis
(supplying the CCP), and dorsal artery of
the penis (supply the glans and prepuce).
The dorsal artery of the penis follows the
dorsal vein and dorsal nerve of the penis.

Using a sagittal section of the pelvis, follow
the terminal branches of the aorta. Note that
the aorta gives rise to two external iliac
arteries and then terminates by trifurcating
into two internal iliac arteries and a median
sacral. The internal iliac artery is relatively
very long in ruminants when compared with
the equine species.

In female ruminants, the umbilical artery,
abranch of the internal iliac artery, gives the
clinically important uterine artery. Beyond
the umbilical artery, the internal iliac gives
the vaginal artery and terminates close to the
lesser ischiatic foramen by dividing into cau-
dal gluteal artery (passes outside the pelvis
through the lesser ischiatic foramen) and
internal pudendal artery which courses
toward the vulva in the female or the penis in
the male (Figure 4.10). Note that the internal
pudendal artery and pudendal nerve makes

an “X” intersection close to the pelvic outlet
(Figure 4.10).

Identify the internal iliac artery and its
terminal branches, internal pudendal and
caudal gluteal arteries.

Because of time constrains and the com-
plexity of this area of the pelvis, your instruc-
tor may opt to use a prosection for a quick
demonstration of the major blood vessels and
nerves. Understand that many of the vessels
(e.g., prostatic, iliolumbar, obturator) have no
clinical significance in ruminants. Ask your
instructor which vessels and nerves you need
to identify. Check the lab ID list at the end of
this chapter for more details.

Goal: Identify testicular layers from super-
ficial to deep (skin—tunica dartos, sper-
matic fascia—parietal vagina tunic—vaginal
cavity and visceral vaginal tunic). Do not
cut into the tunica albuginea testis which
forms the testicular capsule deep to the
visceral vaginal tunic. Identify the scrotal
septum that separates left and right testes.

Identify the ligaments of the testis
(proper ligament of the testis and liga-
ment of the tail of the epididymis) and
understand the process of thermoregula-
tion and testicular descent.

Study the location of the testis in situ
and its relation to the sigmoid flexure of
the penis. Identify the pampiniform
plexus, the mesoductus deferens, and
mesorchium. Identify the head, body, and
tail of the epididymis.

A bull with larger testicular circumference is
desirable for breeding as the size of the testis
is positively correlated to sperm production.
Measurement of testicular diameter is part of
BSE for bull selection.

Start by studying the testicular layers.
Identification of testicular layers is important
when performing castration. Remove one
testicle for close in vitro inspection.

Using a sharp scalpel, cut through the skin
and peel the testis out of the scrotal sac. Using
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Figure 4.10 (a) Sagittal section of the pelvis of a bull showing arterial supply of the penis. Note that the
internal pudendal artery and pudendal nerve make a cross (X) intersection close to the ischial arch.

(b) Nerves and vessels located medial to the sacrosciatic ligament (cow). The cross sign (X) represents the
intersection of the internal pudendal artery with the pudendal nerve. Curved dotted line=pelvic symphysis.

scissors, open the vaginal tunic longitudinally
and spread the components of the spermatic
cord on the table.

Note that the skin, tunica dartos (whit-
ish smooth muscle deep to the skin), and
scrotal (spermatic) fascia form the scro-
tal sac. The scrotal fascia is technically

divided into external and internal sper-
matic fascia. There is no need to make this
distinction.

The tunica dartos muscle is involved in
thermoregulation of the testes. It involuntar-
ily draws the testicles close to the body in
cold weather. Other structures that contribute

153



to thermoregulation include the pampini-
form plexus and cremaster muscle (these will
be discussed in more detail later).

Deep to the scrotal fascia, note the rela-
tively tough fibrous layer covering the surface
of the testis (Figure 4.11). This is the parietal
vaginal tunic. Incise this layer and peel the
testis out. This will not be complete as you
will discover later that the parietal vaginal
tunic remains attached to the testis by the
ligament of the tail of the epididymis
(Figure 4.11c). This ligament must be severed
in an open castration method (Box 4.9).

At this point, identify the epididymis, the
large tubular structure wrapped tightly
around the surface of the testis. The
epididymis is composed of three identifiable
regions: head, body, and tail (Figure 4.11b).
The tail is ventrally located and is the site for
storage of spermatozoa. The head is proximal
to the tail and is where the testicular vein and
artery leave or enter the testis, respectively.

Sperm are produced in the seminiferous
tubules within the testicular parenchyma.
They next travel through several microscopic
ducts (straight tubules, rete testis, and efferent
ductules) to reach the head of the epididymis.
You will study these structures in microanat-
omy of the testis in histology classes.

The tail of the epididymis is attached to the
testis by the proper ligament of the testis
and to the parietal vaginal tunic by the liga-
ment of the tail of the epididymis (Figure
4.11b-c). Both ligaments are remnants of the
gubernaculum testis, a gelatinous mesen-
chymal structure responsible for testicular
descent in the scrotal sac.

The tubular structure that carries the
sperm from the tail of the epididymis to the
pelvic urethra caudal to the neck of the blad-
der is the ductus deferens.

In open castration, the parietal vaginal tunic
must be incised to expose or “exteriorize”
the testicle. Additionally, the ligament of the
tail of the epididymis must be severed to

pull the testicle away from the parietal tunic.

Next, study the vaginal tunic and sper-
matic cord. The term vaginal tunic includes
all of the peritoneal structures that have
descended out of the abdominal cavity
(through the inguinal canal) with the testicle.
It is divided into parietal and visceral layers.
These two layers are frequently called the
parietal vaginal tunic or common tunic and
the visceral vaginal tunic. The spermatic
cord consists of the vaginal tunic and all of its
contents that lead to and from the testicle
including the parietal and visceral layers of
the vaginal tunic, testicular artery, vein, lym-
phatics, sympathetic autonomic nerves, and
the ductus deferens with very small artery
and veins of the ductus deferens.

The double layer of mesothelium that sus-
pends the ductus deferens is called mesoduc-
tus deferens. The testicular vein and artery
are suspended by a similar peritoneal fold
known as the mesorchium. The mesoductus
deferens and mesorchium are continuous
with each other.

Identify the pampiniform plexus. This is
formed by the torturous bends of the tes-
ticular vein that wrap around the testicular
artery. The function of the pampiniform
plexus is to cool the blood in the testicular
artery entering the testis (Figure 4.11c).

Thermoregulation, where the temperature
in the testicles is lowered by at least 2—-3°C, is
critical for regulation of spermatogenesis
(production of sperm).

The cremaster muscle is a ribbon-like
strip of skeletal muscle that originates from
the caudal boundary of the internal abdomi-
nal oblique muscle (Figure 4.12). It courses
on the superficial surface of the parietal vagi-
nal tunic lightly covered by spermatic fascia.
The muscle is not part of the spermatic cord.
Like the tunica dartos muscle, the cremaster
muscle is involved in testicular thermoregu-
lation. It voluntarily draws the testicle close
to body when it contracts.

The genitofemoral nerve innervates the
cremaster muscle in the male and the udder
in the female. It can be found coursing
through the superficial inguinal ring
(Figure 4.12).
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Figure 4.11 (a) Reproductive tract of the bull: distal parts. Testicular layers deep to the scrotal sac include the
parietal and visceral vaginal tunics with a vaginal cavity in between. The figure shows the proper ligament of
the testis and ligament of the tail of the epididymis. (b,c) Ram testis: (b) lateral and (c) medial views. The
testicular parietal vaginal tunic is incised to show ligaments of the testis. Identify the proper ligament of the
testis and ligament of the tail of the epididymis. The body of the epididymis is out of sight (Figure 4.11a).
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Figure 4.12 Bovine male (bull) reproductive tract and major pelvic nerves. Dissection of cremaster muscle and
pelvic nerves. Note the testicles are oriented vertically. * Medial circumflex femoral artery.

The double layer of mesothelium that sus-
pend the ductus deferens is called mesoduc-
tus deferens. The testicular vein and artery
are suspended by a similar peritoneum
known as the mesorchium. The mesoductus
deferens and mesorchium are continuous
with each other.

4.5.7 Male Accessory Sex Glands

Goal: Identify the major accessory sex
glands in the bull (ampullary glands, vesic-
ular glands, prostate [body and disseminate

part], and bulbourethral glands) and com-
pare them with small ruminants (buck or
ram). Know that the prostate glands in
small ruminants (buck and ram) are
entirely of the disseminate type (embed-
ded within the pelvic urethral wall)
whereas bulls have both compact and dis-
seminate types.

Understand that accessory sex glands
are palpated per rectum as part of a BSE to
diagnose any inflammatory processes
(e.g., seminal vesiculitis of the vesicular
glands).

Box 4.10

Ruminants are usually castrated when they are
young (less than 3 month of age). Several pro-
cedures are used in small and large ruminants.
Broadly speaking, castration can be accom-
plished by open or closed methods. The open
castration procedure involves incising the skin
of the scrotum. The closed method is when no
skin is incised.

Banding (or elastrator) procedures, for
example, are commonly used on male goats
and sheep where a rubber ring is placed
around the scrotum proximal to the testicles

for 2-3 weeks after testicular descent. In cattle
and small ruminants, a handheld Burdizzo
clamp (crushing pincher) can be applied proxi-
mal to the testicles to crush the contents of the
spermatic cord without cutting into the skin.
These procedures are among several closed
methods.

In open castration, the skin of the scrotum is
incised at the ventral aspect to expose the tes-
ticles and the spermatic cord. Next, the sper-
matic cord can be crushed and/or severed
using an emasculator.




The accessory sex glands in the bull include
the ampullary glands (ampullae of the duc-
tus deferens), vesicular glands, prostate
(compact and disseminate parts), and bul-
bourethral glands.

Identify these glands on a dorsal view of the
pelvis where the caudal vertebrae and rectum
have been removed or on an isolated penis
and pelvic urethra (Figures 4.5 and 4.13).

In small ruminants, the prostate is present
only as a disseminate part and so you will not
be able to see a grossly visible body of the
prostate. The other accessory sex glands in
small ruminants are similar to those of the
bull.

The ampullary glands are found within
the walls of the terminal parts of the ductus
deferens (Figure 4.13). They are located on
the dorsal surface of the urinary bladder on
each side of the genital fold.

Box 4.11

The accessory sex glands are palpable per
rectum in the intact bull. They are usually pal-
pated as part of BSE in the bull. The prostate
is said to feel like a ring on a finger. The finger
in this case is the pelvic urethra surrounded

by the urethralis muscle (Figure 4.13).
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4.6 Female Reproductive
Tract

Goal: Know the major components of the
female reproductive organs. Identify the
suburethral diverticulum in females and
know its clinical significance. Know the
palpable reproductive structures (ovaries,
uterine body, cervix, uterine horns, and
intercornual ligaments). Understand
some of the changes associated with preg-
nancy (increased size of one of the uterine
horns, presence of fetal membranes, and
peculiar pulsation in the uterine artery
known as the thrill or fremitus). Know the
type of placentation in ruminants (cotyle-
donary placenta).

The ruminant reproductive tract is composed
of the ovary, ovarian tube, uterus (uterine
horn, uterine body, and uterine cervix),
vagina, vestibule, and vulva. The more cra-
nial components of the reproductive tract are
suspended to the pelvis and lateral body wall
by the broad ligament, a bilateral sheet of
peritoneal fold. Identify the parts of the repro-
ductive system in situ as shown in Figure 4.14.

In the live animal, the uterine horns curls
ventral toward the abdominal floor, then

Bulbourethral gland

g - Bulb of penis

: Bulbospongiosus m.

Left crus
ischiocavernosus m.
(cut)

- Retractor penis m.

Figure 4.13 Close-up view of the accessory sex glands of the bull.
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In situ overview of the bovine (cow) reproductive tract.

course caudally toward the pelvis, and finally
head in a dorsal direction where they con-
nect with the uterine tube close to the ovary.

The ovaries of the cow are oval in shape.
They are relatively large and lie close to the
pelvic inlet in the live animal. Being close to
the pelvic inlet, they are easily palpable per
rectum.

Using an isolated female (cow or goat)
reproductive tract, pass your fingers over the
surface of the ovary to palpate any irregulari-
ties that may be present as a result of a large
follicle or corpus luteum. There is no ovula-
tion fossa similar to that seen in mares.

The ovary is enclosed within a peritoneal
sac called the ovarian bursa (Figure 4.15).
The ovarian bursa is formed by the meso-
varium and mesosalpinx. Both are more
cranial components of the broad ligament.
The ovary is attached to the tip of the uterine
horn by the proper ligament of the ovary.

Follicles released from the ovary pass into
a thin-walled infundibulum which is the
funnel-shaped proximal, or free end, of the
uterine tube (Figure 4.15). Finger-like pro-
jections, fimbriae, are located on the free
edge of the infundibulum. Oscillations of the
fimbria help attract the newly released ovum.

The uterine tube (Figure 4.15) can be hard to
identify on a non-pregnant tract. It is divided
into proximal ampulla and distal, relatively
thin, isthmus parts. Fertilization takes place
in the ampulla. There is no need to identify
the ampulla and isthmus.

Identify the tip of the uterine horn. This is
where the uterine tube opens. Next, follow
the uterine horns distally. The left and right
horns are connected by the intercornual
ligament. The cow has both dorsal and ven-
tral intercornual ligaments (Figure 4.16)
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Figure 4.15 Bovine ovary (cow). Ovarian bursa opened.

compared to small ruminants which have a
single ligament.
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In rectal palpation, the examiner can insert
an index finger in the space between the
dorsal and ventral intercornual ligaments
and pull the reproductive tract caudally
toward the pelvic cavity for easier
manipulation.

In artificial insemination (Al), the uterine
body is the major site for semen deposition.
If the tip of the inseminating rod is inserted
too far into the uterus, semen is deposited in
only one of the uterine horns.

4.6.4 Uterine Body

The uterine body is relatively short. Lining
the internal surface of uterus is the endome-
trium which features many mushroom-
shaped elevations called caruncles. Attached
to each caruncle is a cotyledon which is part
of the placenta. The unit formed by the
maternal caruncle and fetal cotyledon is
called a placentome (Figure 4.17). The
caruncles are dish-shaped in small ruminants
(goat and sheep) and mushroom-shaped in
cattle. The placenta of ruminants is classified
as cotyledonary.

Make a longitudinal incision into the dor-
sal wall of an isolated female (cow) reproduc-
tive tract to open the interior as shown in
Figure 4.18. Identify the ball-shaped carun-
cles on the endometrium. Identify the cervix
and observe its interlocking folds.

4.6.5 Uterine Cervix

The ruminant cervix has longitudinal and
transverse folds (Figures 4.18 and 4.19).
The cervix remains closed most of the time
by a mucous plug except in estrus or calf
delivery.

The cervix projects into the vagina as the
cervix portio vaginalis (Figure 4.18). The
annular space around the portio vaginalis
cervix in the cranial part of the vagina is the
vaginal fornix (Figure 4.19).

The opening of the cervix into the uterine
body is the internal uterine (or cervical)
ostium and that into the vagina is the exter-
nal uterine (or cervical) ostium (Figure 4.19).

Pregnancy in cattle commonly involves
one fetus. Twins in cattle are likely to have
shared placental circulation and thus twin
pregnancy is undesirable because of the like-
lihood that a male twin partner can inhibit
the reproductive tract development of a
female mate, resulting in a condition known
as a freemartin. This condition is thought to
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Figure 4.16 (a) Isolated bovine (cow) uterus: dorsal view. * Location of intercornual ligament. (b) Bovine (cow)
dorsal and ventral intercornual ligaments: cranial view. Small ruminants have a single intercornual ligament.

be caused by secretion of antimullerian hor-
mone by the male twin. The antimullerian
hormone causes regression of the female
duct system (mullerian ducts). Pregnancy in
small ruminants, however, can involve more
than one fetus without ill effects.

Pregnancy in cattle involves one uterine
horn, resulting in significant asymmetry of

the horns detectable in rectal palpation
(Figure 4.20).

Box 4.14

The cervix of the cow can by examined by
speculum, using a vaginal speculum for dis-
charges (blood or watery cervical discharge).
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Figure 4.17 (a) Bovine (cow) cotyledonary placenta opened to show the round, raised caruncles on the
internal surface of the uterus (endometrium). Union of the caruncles and cotyledons form the placentomes.
The placentome is mushroom-shaped in the cow and dish-shaped in small ruminants (goat and sheep). (b)
Bovine (cow) fetus surrounded by placenta. The fetus has been pulled out of the interlocking of the caruncles
(maternal side of the placentome) and cotyledons (fetal side of the placentome).

A bloody vulvar discharge is commonly seen
in cows during metestrum (1-2 days after
estrus). A watery cervical discharge that con-
tains whitish-yellow flakes of pus caused by
aflagellated protozoan, Trichomoniasis fetus,
can be transmitted by Al and by natural
breeding.

4.6.6 Vagina

The vagina is the chamber between the cer-
vix and vestibule. It is three times longer than

the vestibule (Figure 4.21). The vagina has
circular and longitudinal mucosal folds.

4.6.7 Female Pudendum

The vulva is part of the female pudendum.
The pudendum consists of the vulva, clitoris,
and vestibule.

4.6.7.1 Vestibule
The vestibule is the region caudal to the
vagina or between the external urethral
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Figure 4.18 Bovine (cow) reproductive tract with uterus opened dorsally to show the caruncles on the surface

of the endometrium: dorsal view.
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Figure 4.19 Bovine (cow) cervix opened dorsally to demonstrate the cervical canal, and the internal
(towards the uterine body) and external (toward the vagina) uterine orifices.

orifice and the vulva. Both urine and
reproductive secretions pass through the
vestibule.

4.6.7.2 Suburethral Diverticulum
The suburethral diverticulum is a pouch or
recess below the external urethral orifice near

the cranial-most extent of the floor of the ves-
tibule (Figures 4.14 and 4.21). Identify the
suburethral diverticulum and the external ure-
thral orifice by inserting your probe in each.

In the caudoventral floor of the vestibule,
identify the glans clitoris located within the
clitoral fossa.
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Figure 4.20 Bovine (cow) pelvic cavity showing pregnancy in the right uterine horn: cranial view. Note the
significant enlargement of the right uterine horn (palpable feature of pregnancy). Fertilized ova usually come
from the contralateral ovary. Gestation in cattle is about 280 days.
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Figure 4.21 Bovine (cow) reproductive tract (vagina and vestibule): dorsal view. The tract is opened ventrally
looking into the roof. Note the large dorsal longitudinal fold on the roof of the vagina (for clarification of the
location of the suburethral diverticulum see Figure 4.23b).

Box 4.15

The suburethral diverticulum is a depression insert the catheter into the suburethral diver-
located below the external urethral orifice. It  ticulum and then to turn the catheter 180° and
should be avoided when performing catheter-  draw it caudally very slowly; you can then feel
ization. A useful technique is to deliberately the catheter entering the urethra.
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4.6.7.3 Vulva

In the domestic animals, the vulva forms the
only visible part of the female pudendum. It
is composed of left and right labia (lips).
The left and right labia meet dorsally to form
a dorsal commissure and ventrally forming
a ventral commissure (Figure 4.22).

From cranial to caudal, the female reproduc-
tive tract is supplied by three main arteries:
the ovarian artery (arises from the aorta),
uterine artery (from the umbilical artery),
and vaginal artery (from the internal iliac
artery) (Figure 4.23a-b).

The uterine artery is largest source of
blood supplying the reproductive tract. It
divides into cranial and caudal parts when it
courses close to the lateral sides of the uter-
ine body. The ovarian artery supplies the
ovary and gives rise to a uterine branch that
anastomoses with the cranial branch of the
uterine artery. Likewise, the vaginal artery
supplies the vagina and also gives rise to a
uterine branch that supply the uterus
(Figure 4.23a-b).

The ovarian artery is wrapped by extensive
coiled branches of the ovarian vein. This

Dorsal commissure

Ventral commissure

External genitalia of the cow.

arrangement is thought to help with counter-
current exchange of hormones where prosta-
glandins pass from the vein to the artery to
be returned back to the reproductive tract.

The three arteries to the female reproduc-
tive tract can be identified within the broad
ligament (Figure 4.23a-b).

The uterine artery increases in size during
pregnancy. A palpable pulsation can be
detected in the artery when palpated per
rectum in a cow in an advanced stage of
pregnancy (third month onward). This pul-
sation is diagnostic of pregnancy and is
referred to as whirling, thrill, or fremitus.

Goal: Identify the external features of the
bovine and caprine udders (number of
teats, intermammary groove), duct sys-
tem (lactiferous ducts and lactiferous
sinus), suspensory apparatus (lateral and
medial laminae or ligaments), vasculariza-
tion, innervation, and lymph drainage.

The bovine udder is composed of four mam-
mary glands (each is known as a quarter).

Vulva (left and right
labia)
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(a) Schematic illustration of arterial blood supply to the ruminant (cow) reproductive tract
(isolated tract). (b) In situ schematic illustration of arterial blood supply to the bovine (cow) reproductive tract.

Each gland has a single, finger-like teat that
has one teat orifice. Typically, a quarter is
named as right front, right hind, left front, or
left hind quarter (Figure 4.24).

Small ruminants have only two glands with
two teats (left and right separated by the
intermammary groove). Supernumerary
(accessory) teats may be present in some
breeds of cattle.

In cows, each quarter has an independent
duct system. The left and right halves of the
udder are completely separated by connec-
tive tissue but the two quarters on each side
appear to be merged together; however, they
maintain the two separate duct systems.

In small ruminants (doe and ewe), the left
and right mammary glands are also com-
pletely separated by an intermammary
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Figure 4.24 The bovine udder: left lateral view. The whole udder is composed of four quarters, two on each

side.

groove. Each gland has a single teat that car-
ries a single teat orifice.

The udder has modified skin that has small
amount of hair.

4.6.9.1 Suspensory Apparatus

and Interior Structures of the Udder

The udder is suspended from the caudal ven-
tral body wall by lateral and medial laminae
(also called ligaments). The two laminae col-
lectively make the suspensory apparatus of
the udder.

The lateral laminae (mostly fibrous) are
located deep to the skin of the left and right
lateral walls of the udder. The laminae sus-
pend the udder from the symphysial tendon
caudally, and tunica flava abdominis crani-
ally. The lateral laminae send fibrous septa
into the substance of the udder.

Dissect the skin on the lateral side of the
udder and reflect it ventrally. Cut the lateral
lamina at its dorsal aspect and reflect it
ventrally.

Deep to the lateral lamina, find the large
external pudendal artery and vein close to the
mammary lymph nodes.

The paired medial laminae are elastic
sheets. They are located between the left and

right halves of the udder. These laminae are
highly elastic and allow for lateral sagging of
the udder when filled with milk.

With help of Figure 4.25(a), identify the lat-
eral and medial laminae of the suspensory
apparatus of the udder. Make a sagittal sec-
tion of the udder to identify the teat canal,
teat sinus, and gland sinus (Figure 4.25a,b).
A synonymous term for the sinus is cistern.
The combination of the gland and teat
sinuses form the lactiferous sinus.

To understand the duct system in the
udder, there follows a brief description of
how milk is transported within the udder.
Milk passes from milk-secreting alveoli
within the substance of the udder to small
excretory ducts that merge to form large lac-
tiferous ducts. Several lactiferous ducts
empty into the gland sinus at the ventral base
of the udder. From the gland sinus, milk
passes into the teat sinus, teat canal, and to
the exterior via the teat orifice.

An annular fold and erectile venous circle
(Furstenberg’s venous ring) are present at the
junction between the gland and teat sinuses.
The teat canal has longitudinal folds that
project into the teat sinus forming
Furstenberg’s rosette (Figure 4.25b,c).



4.6.9.2 Blood Supply and Venous

Drainage of the Udder

Milk synthesis requires that a large amount of
blood passes through the udder. This has been
estimated as 600 liters of blood for each liter
of milk produced. The main blood supply to
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the udder is from the external pudendal
artery (also known as the mammary artery).
In cattle, a small amount of blood comes to
the udder from the mammary branches of the
ventral perineal artery and dorsal labial
branch from the internal pudendal artery.

Rectus abdominis m.

Gland sinus )
Lactiferous
Teat sinus sinus
Teat canal
(or papillary
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. Furstenberg’s
- vascular ring

Furstenberg’s
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Figure 4.25 (a) Schematic illustration of the interior of the bovine (cow) udder: longitudinal section passing
through left and right hind quarters of the udder. (b) Bovine (cow) teat and distal part of the udder:
longitudinal section. Dotted line shows location of the cross-section seen in Figure 4.25(c). (c) Cross-section of
bovine (cow) teat to show layers and inner longitudinal folds of the teat canal: dorsal view.
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Figure 4.25 (Continued)

Identify the external pudendal artery and
vein passing out of the abdomen through the
superficial inguinal ring. The external puden-
dal artery originates from the pudendoepi-
gastric trunk. The trunk is a branch of the
deep femoral artery from the external iliac
artery. In large dairy cows, the external
pudendal artery has a sigmoid flexure at the
base of the udder to allow for stretching of
the artery when the udder is laden with a
large amount of milk.

Close to the proximity of the udder, the
external pudendal artery divides into the cra-
nial mammary artery (known as caudal super-
ficial epigastric in goats) and caudal mammary
artery (known as ventral labial artery in goats).

Venous drainage of the udder is through a
circular venous ring around the base of the
udder. This ring is formed by transverse con-
nections between subcutaneous abdominal
(milk) veins, left and right external pudendal
veins, and left and right ventral labial veins
(branches of ventral or dorsal perineal veins).

The subcutaneous abdominal vein
(known by laymen as the milk vein) is
formed by the end-to-end anastomosis of the
cranial and caudal superficial epigastric veins
during the first pregnancy (Figure 4.26). This
vein is well developed in lactating cows. It
courses cranially from the udder to enter the
thorax through an opening in the ventral
thoracic wall known as the milk well. The

milk vein joins the internal thoracic vein
within the thorax.

4.6.9.3 Lymphatics of the Udder

The superficial inguinal lymph nodes (also
known as mammary lymph nodes) drain
lymph from the udder and neighboring
regions (vulva, clitoris, and skin of the medial
thigh region). The mammary lymph nodes
are two nodes on each side of the udder. They
are located at the base of the udder close to
the superficial inguinal ring.

In the live animal, the mammary lymph
nodes can be palpated from behind between
the left and right thigh regions, especially if
the udder is inflamed (mastitis). Superficial
lymphatic vessels can also be seen coursing
caudodorsally whereas superficial veins
course craniodorsally.

4.6.9.4 Innervation of the Udder

The innervation of the udder is provided by
four nerves: the first and second lumbar
nerves (L1 and L2), the genitofemoral nerve
(from L3/L4, supply the substance of the
udder), and mammary branches of the puden-
dal nerve. Identify the genitofemoral nerve
coursing with the external pudendal vein and
artery through the inguinal canal to the udder
and medial thigh region. Figure 4.8 shows the
location of the genitofemoral nerve in the
male. It runs in the same location in the female.
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Subcutaneous abdominal (milk) vein

Milk vein in a Friesian dairy cow. The milk vein is formed during the first lactation period by the
fusion of the cranial and caudal superficial epigastric veins.

Anesthesia for teat surgery is performed by
several techniques including a ring block in
which local anesthetic solution is injected
around the base of the teat in a ring pattern.

Palpation of the tuber coxae (hook).

Tuber ischium %
(pin)

Goal: With the help of Figures 4.27 and
4.28, palpate the two important bony fea-
tures of the ox pelvis: the tuber coxae and
tuber ischium. They are commonly called
the “hook” and “pin,” respectively. Know
that, unlike in horses, the hook and pin
bones in dairy cows are sharply defined

/]

Palpation of the tuber ischium (pin).



and angular in appearance with no dis-
cernable fat pad.

There is no need to identify items in italics.

A. Bones: Important bony landmarks of the

pelvis (know some of the lay terms such
as hooks and pins):

Coxal tuber (hook)

Ischial tuber (pin)

Sacral tuber

Pectin

Ischiatic spine

Promontory

Know the obstetric term conjugate
(the line connecting the promontory
with the pectin) — vertical diameter
larger than horizontal — pelvimeter

Nk W

. Arteries and veins
8. Internal iliac a.
a. Umbilical a —gives the uterine a.
b. Vaginal (uterine branch)/prostatic
c. Internal pudendal a. (know the
following branches but do not iden-
tify them)
i. Deep artery of the penis
ii. Artery of bulb
iii. Dorsal artery of the penis
d. Caudal gluteal a.
9. Testicular a. and v. (vein forms pam-
piniform plexus)
10. Ovarian a.
11. External pudendal a. and v.
a. Cranial and caudal mammary aa.
12. Milkv.

. Pelvic fossa and pouches
13. Pararectal fossa
14. Rectogenital pouch
15. Vesicogenital pouch
16. Pubovesical pouch

. Accessory sex glands
17. Ampullary glands
18. Prostate gland (know the difference
between small and large male
ruminants)

19. Vesicular glands
20. Bulbourethral glands

. Pelvic viscera

21. Urinary bladder

22. Ureter

23. Genital fold

24. Median ligament of the bladder

25. Left and right lateral ligaments of the
bladder

26. Rectum

27. Anal canal — anus

Male penis (fibroblastic type)

28. Urethral process (identify in small
ruminants [buck or ram])

29. Apical ligament (bull)

30. Retractor penis m.

31. Sigmoid flexure

32. Corpus cavernosum (CCP) on a
cross-section of the penis

33. Tunica albuginea penis

34. Dorsal nerve of the penis

35. Bulbospongiosus m.

36. Ischiocavernosus m.

. Others

37. Sacrosciatic ligament (or broad sac-
rotuberous ligament)
a. Major ischiatic (or sciatic) foramen
b. Minor ischiatic foramen

38. Urethral recess (dorsal urethral
diverticulum in male)

39. Subiliac lymph nodes

. Testis

40. Cremaster m.

41. Tunica dartos

42. Pampiniform plexus (testicular v.)
43. Scrotal ligament

44. Ligament of the tail of the epididymis
45. Proper ligament of the testis

46. Parietal vaginal tunic

47. Ductus deferens

48. Mesorchium and mesoductus deferens

Female reproductive tract

49. Ovary

50. Uterine tube

51. Uterine horn

52. Intercornual ligament (dorsal and
ventral parts in cow)



53. Uterine body

54. Cervix

55. Vagina

56. Vestibule

57. Suburethral diverticulum (know clin-
ical significance)

58. External urethral opening

59. Glans of the clitoris

60. Broad ligament

61. Round ligament of the uterus

62. Know type of placenta in ruminants
a. Caruncle (mother)
b. Cotyledons (fetus)

Udder
63. Lateral lamina of suspensory apparatus
64. Medial lamina of suspensory apparatus

K.

65. Lactiferous ducts
66. Lactiferous sinus
a. Gland sinus

b. Teat sinus
67. Teat orifice
68. Mammary

lymph node

(superficial ~ inguinal)

Nerves

69. Obturator n.

70. Sciatic n.

71. Genitofemoral n.

72. Pudendal n. = caudal rectal n.
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The Forelimb

Learning Objectives

o Identify the major bones of the forelimb o Identify and know the major nerves and

and understand that some bones and blood vessels of the forelimb, especially the
their features are palpable in the live blood vessels and nerves in the distal limb
animal. (i.e., the median nerve and median artery

o Identify the major muscles, tendons, syno- on the palmar aspect, and the radial nerve
vial structures such as bursae (e.g., infraspi- on the dorsal aspects of the large metacar-
natus), and tendon sheaths. pal bone and digits).

Guide to Ruminant Anatomy: Dissection and Clinical Aspects, First Edition. Mahmoud Mansour, Ray Wilhite, and Joe Rowe.

© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/mansour/dissection
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Know the nomenclature for vessels and
nerves on the dorsal and palmar aspects of
the large metacarpal bone and digits.
Understand the clinical signs associated
with nerve damage (e.g., damage to radial
and suprascapular nerves).

Identify and know the clinical importance
of superficial veins (i.e., cephalic, accessory
cephalic, and dorsal common digital vein
I). The superficial veins of the forelimb are

used for injection of antibiotics and for ret-
rograde anesthesia.

Know some of the clinical aspects (e.g.,
corkscrew, interdigital dermatitis, interdigi-
tal phlegmon, and interdigital hyperplasia)
associated with damage to the hoof and its
contents (digital cushion, superficial and
deep digital flexor tendons, navicular bursa,
navicular bone), and the proximal and distal
interdigital ligaments that join the weight-
bearing digits together.

One of the most important clinical problems
in cattle is lameness. Lameness can be caused
by several factors including infections of soft
tissue in the foot (e.g., interdigital fat pad)
and by structural and bone malformations.
Most clinical work on ruminant limbs
involves the distal limb (carpus and below).
You should focus most of your attention on
the study of forelimb structures from the
elbow distally. Some of the most common
conditions causing lameness include:

Slipper foot (laminitis)

Inflammatory processes (foot rot, sole
abscess)

Wound in the skin around heels
Coronary band inflammatory process
Fissures and/or cracks in hoof wall
Splayed toes

Wounds in the interdigital space
Interdigital fibroma

Sole ulcer

White line disease

Hematoma under the sole

Heel erosion

Lesions in dewclaws

Bone malformations.

Consult a textbook on bovine medicine to
learn more about these conditions (a list of
clinical and anatomical books is provided in
Appendix B). You will learn more about these
conditions in your clinical years.

Goal: Identify the major bones of the tho-
racic limb and their features. Compare
with bones of the thoracic limb of the
horse and other small animals (e.g., dog).

Use the ox skeleton and the figures provided
here to study the bones of the thoracic limb
(Figure 5.1). The bones of the goat and sheep
thoracic limb are like those of the ox.

The scapula is a flat, roughly triangular bone
of the shoulder region. It is very similar to
that of the horse except for one feature. The
acromion is present in the scapula of rumi-
nants but is absent in the scapula of the horse
and pig. The lateral surface of the scapula has
a large infraspinous fossa and relatively
small supraspinous fossa (Figure 5.2).

The “shoulder blade” is a common name
for the scapula which you may hear in the
clinic.

The scapula has three borders (dorsal, cra-
nial, and caudal), three angles (cranial, cau-
dal, and ventral), and two surfaces (medial
and lateral). The lateral surface has the spine
of the scapula that separates the supra- and
infraspinous fossae. A prominence in the
middle of the spine is the tuber of the spine of
the scapula: the tuber spinae scapulae.

The depression on the distal end (ventral
angle) of the scapula is the glenoid cavity.



Shoulder joint

Cranial part
of greater tubercle
(point of the
shoulder)

Radius

Carpus

Phalanges

5 The Forelimb

Scapula

Humerus

Olecranon tuber
(point of the elbow)

Elbow joint

Ulna

Accessory carpal bone
Metacarpal bones Il
and IV (large
metacarpal bone)
Proximal sesamoids

Distal sesamoid

Figure 5.1 Bones of the bovine thoracic limb: left lateral view. Forelimb regions are the shoulder (scapula),
brachium (humerus), antebrachium (radius and ulna), and manus (carpus, metacarpals, and digits).

Dorsal border

Caudal
angle

Serrated
face

Subscapular
fossa

Cranial
border

Acromion

Medial view

Cranial angle

Supraspinous
fossa

Dorsal border

Caudal
angle

Scapular
spine
(spine
tuber)

Caudal
border

Infraspinous
fossa

! Lateral view

Ventral angle

Glenoid
cavity

Figure 5.2 The left bovine scapula: medial and lateral views * Supraglenoid tubercle.

The glenoid cavity articulates with the head
of the humerus to form the shoulder joint.
Use Figure 5.2 to study the main features of
the scapula.

On the medial surface of the scapula, identify
the subscapular fossa and the serrated face.

The supra- and infraspinous fossae are for
attachment of the supra- and infraspinatus
muscles, respectively. The subscapular fossa
is for attachment of the subscapularis mus-
cle, and the serrated face is for attachment of
the serratus ventralis muscle.
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In the live animal or fresh specimen, the
dorsal border of the scapula has a large scapu-
lar cartilage that extends its length dorsally.

The humerus forms the bone of arm or bra-
chium. It is a very strong and robust bone in
both cattle and horses. There are minor dif-
ferences in the shape of the humerus between
small and large ruminants which will not be
discussed.

In the proximal part of the humerus, note
that the greater tubercle (point of the shoul-
der) is well developed and deviates toward
the medial side (Figure 5.3). It is larger than
the lesser tubercle located on the medial
side. The greater tubercle is located at higher
level than the head of the humerus. The
round head of the humerus articulates with
the glenoid cavity to form the shoulder joint.
Both the greater and lesser tubercles are
divided into cranial and caudal parts.

In the horse, the greater and lesser tuber-
cles are mostly equal in size. In addition, the
horse has an intermediate tubercle. No inter-
mediate tubercle is present in ruminants.

The deltoid tuberosity on the lateral sur-
face of the humerus is well developed in both

Intertubercular
groove

Greater (major)
tubercle

Lesser (minor)
tubercle

Deltoid tuberosity

Humeral crest

Radial fossa

Humeral condyle

Femoral head

the cow and horse. It is the site for attach-
ment of the deltoideus muscle.

Use Figure 5.3 to study the major bony
prominences on the proximal and distal parts
of the humerus. On the proximal humerus,
identify the greater and lesser tubercles and
intertubercular groove. The tendon of
biceps brachii muscle passes in this groove.

Identify the brachialis groove, the attach-
ment site for the brachialis muscle. The
humeral crest forms the cranial border of
this groove. The body (shaft) of the humerus
is the part between the proximal head and
distal humeral condyle.

On the distal humerus, identify the palpable
medial and lateral epicondyles. The radial
fossa is the shallow depression on the cranial
surface of the humeral condyle. The relatively
deep depression on the opposite caudal side of
the humeral condyle is the olecranon fossa.

The condyle of the humerus articulates
distally with the radius and ulna to form the
elbow joint.

The greater tubercle of the humerus is palpa-
ble in the live animal and forms the point of
the shoulder.

Greater (major) tubercle
Cranial and caudal parts

Attachment site for
infraspinatus m.

Deltoid tuberosity

Olecranon fossa Teres major Lateral epicondyle
tuberosity
Cranial Caudal Lateral

Left humerus of the ox: cranial, caudal, and lateral views.



5.2.3 Radius and Ulna

The radius and ulna are the bones of the
antebrachium or forearm. Note that the ulna
is complete in ruminants compared to that of
the horse. The ulna in the ox is fused to the
radius except for proximal and distal interos-
seous spaces (Figure 5.4). In the horse, the
ulna ends in the middle of the antebrachium.

On the proximal ulna, and with the help of
Figure 5.4, identify the olecranon tuber or
(tuberosity), the palpable point of the elbow
in the live animal, the trochlear notch, and
the anconeal process. The olecranon tuber-
osity and anconeal process form the olecra-
non. The olecranon tuberosity is the
attachment site for the extensor muscles of
the elbow (e.g., triceps brachii and tensor fas-
ciae antebrachii).

The distal extremity of the ulna is called
the lateral styloid process or styloid process
of the ulna. In the horse, the styloid process
of the ulna is developmentally fused to the
radius.

The radius is shorter and thicker than the
ulna. Near the proximal extremity (head),
identify the radial tuberosity on the medial
side. The head of the radius and the trochlear

Olecranon tuberosity

b Anconeal
B process
Olecranon
3 Trochlear
notch
Proximal
interosseous
space
Body
of the
radius
Distal
interosseous Lateral
space
Styloid (0)'4
process
of the ulna

5 The Forelimb

notch of the ulna articulate with the humeral
condyle to form the elbow joint.

The distal medial end of the radius is the
styloid process of the radius (Figure 5.4).

The distal articular ends of the radius
(trochlea) and ulna articulate with the proxi-
mal row of carpal bones to form the radio-
carpal joint.

Box 5.2

The olecranon tuber is palpable in the live ani-
mal and forms the point of the elbow. The
point of the elbow approximates the distal
part of the 5th intercostal space in the live
animal.

5.2.4 Carpus (Proximal and Distal Rows)

The bones of the carpus, metacarpus, and
phalanges are known as the manus. At the
end of this unit watch video 12.

As in the horse, the carpus in ruminants is
composed of two rows (Figure 5.5a). The
proximal row is like that of the horse and
contains four bones. From lateral to medial,
these are the accessory carpal, ulnar,

Olecranon
Radial
tuberosity
Body
of the
radius
Cranial
Styloid
process
of the
ulna

Styloid process
of the radius

Figure 5.4 Left bovine radius and ulna: lateral, cranial, and caudal views.
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Accessory carpal bone

Palmar
view

(0)%4

Radiocarpal
joint

Midcarpal joint

carpometacarpal

joint Metacarpal

tuberosity

Dorsal and palmar longitudinal grooves

(a)

Ulna

Ulnar carpal
bone

Intermediate
carpal bone

- =

Carpal bone IV

Accessory carpal

Metacarpal : bone
bone V

Metacarpal
bone V

Metacarpal bones
Il and IV

(b)

Figure 5.5 (a) The left bovine carpus and proximal metacarpal region: dorsal and palmar views. The carpus has
two rows. The proximal row contains four carpal bones: accessory carpal (AC), ulnar (U), intermediate (1), and
radial (R), from lateral (L) to medial (M). On the dorsal view, the accessory carpal bone is obscured but can be
seen on the palmar view palmar to the ulnar carpal bone. The distal row contains two bones, the fourth carpal
and fused second and third carpal bones. The distal row articulates with fused metacarpals lll and IV (large
metacarpal bone). Rudimentary metacarpal V is shown in (b). (b) Lateral (left) and laterocaudal (right) views of
bovine left carpus showing metacarpal V bone. 1, radiocarpal joint; 2, mid-carpal joint; 3, carpometacarpal joint.

intermediate, and radial carpal bones the ulnaris lateralis and flexor carpi ulnaris
(Figure 5.5a). The accessory carpal is a pal-  muscles.

pable landmark on the lateral surface of the The distal row is composed of two bones in
carpus. It provides an attachment point for =~ ruminants. From lateral to medial, these are



the fourth carpal and fused second and
third carpal bones (Figure 5.5a). Carpal one
is not present.

The horse has three or four bones in the
distal row including the fourth, third, second,
and first carpal bones from lateral to medial,
respectively. The first carpal bone in the
horse may be absent, as in ruminants.

Articulation between the proximal and dis-
tal rows of carpal bones forms the midcarpal
joint. The articulation between the distal
row of carpal bones and the large metacarpal
bone (fused III and IV metacarpals) forms
the carpometacarpal joint.

5.2.5 Metacarpal Bones (Large Metacarpal
or Cannon Bone)

Metacarpals 3, 4, and 5 (Mc III, Mc IV, and
Mc V) are present in ruminants. Mc III and
Mc 1V are fused forming a single large meta-
carpal bone (Figures 5.5 and 5.6). Identify
the metacarpal tuberosity on the proximo-
medial surface of the large metacarpal bone.
This is the attachment site for the tendon of
the extensor carpi radialis muscle.

In the horse, only the Mc III (cannon bone)
is present. Because of the presence of two

Metacarpal
tuberosity

Dorsal axial
longitudinal
groove

Proximal
phalanx (P1)

Middle
phalanx (P2)

Digit Il

Distal

3
phalanx (P3) -:.*

Digit 11l

Digit IV
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weight-bearing digits in ruminants, the distal
end of the large metacarpal bone has two
parts with an articulating trochlea at each
end. The space formed by this separation is
the intertrochlear notch. Each trochlea
articulates with the proximal phalanx (P1) of
the corresponding digit.

The term cannon bone is a common name
used for the third metacarpal (Mc III) bone
in horses but also for the large metacarpal or
fused Mc III and Mc IV bone in ruminants.

In ruminants, a small metacarpal 5 (Mc V)
is present as rudimentary bone on the proxi-
molateral aspect of fused Mc III and Mc IV
(Figure 5.5b). You should not confuse Mc V
with a fracture or bone growth when exam-
ining an X-ray of ruminant carpal-metacar-
pal regions.

The axial line of fusion of Mc IIl and Mc IV
forms the dorsal and palmar axial longitu-
dinal grooves (Figure 5.6). In the live animal,
blood vessels occupy the dorsal and palmar
metacarpal longitudinal grooves. The dorsal
longitudinal groove is more distinct than the
palmar groove.

Note the proximal and distal metacarpal
canals (openings) at the proximal and distal
ends of the longitudinal grooves (Figure 5.6).

Metacarpal
tuberosity

Proximal and distal

metacarpal canals

Intertrochlear
notch

Trochlea

Figure 5.6 Bovine left manus (carpus, metacarpals, and digits): dorsal view. The image on the left shows
articulation of the large metacarpal bone with the carpus proximally, and digits Ill and IV distally. The image on
the right shows an isolated bovine large metacarpal bone. Each digit has a proximal (P1), middle (P2), and

distal phalanx (P3).
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These canals allow for passage of blood ves-
sels between the dorsal and palmar sides of
the large metacarpal bone.

The axial dorsal and palmar longitudinal
grooves on the large metacarpal bone (fused
Mc lll and IV bones) can be seen as an opaque
fusion in the midline on X-ray films. This should
not be confused with a fracture.

Limbs of domestic ruminants have two digits.
The medial digit (digit ITI) and lateral digit
(digit IV) are weight-bearing (Figure 5.6).
The medial and lateral dewclaws form digit
Il and digit V, respectively. They are non-
weight-bearing in cattle and may not have
bony skeleton. Skeletal elements of these dig-
its are present in some ruminants.

The weight-bearing third and fourth dig-
its have three phalanges each. From proximal
to distal, these are proximal (P1), middle
(P2), and distal (P3) phalanges (Figure 5.6).
Each phalanx is divided into base, body, and
head, from proximal to distal.

The P1 and P2 are similar in shape but the
length of P1 is twice as long as P2. The shape
of P3 (coffin bone) is different from P1 and
P2 (Figure 5.7).

Metacarpal Intertrochlear
bones Ill and IV . notch
Distal
metacarpal ; ‘ Proximal
canal 1 sesamoids
Proximal '
phalanx .
Middle phalanx y
Distal
sesamoids
Distal
phalanx

Palmar view

(@

Identify the extensor process on the prox-
imodorsal surface of P3. This is the site for
attachment of the axial extensor tendons
from the common digital extensor muscle. A
similar arrangement occurs with the axial
extensor tendons of the long digital extensor
tendons in the hind limb.

The common name for the distal phalanx
(P3) is the coffin bone because it is embed-
ded inside the hoof capsule analogous to a
coffin.

Each digit has two proximal sesamoid
bones (at the palmar surface of fetlock joint)
and a single distal sesamoid bone (at the
palmar surface of the coffin joint). Overall, a
total of four proximal sesamoid bones and
two distal sesamoid bones are present in the
two weight-bearing digits of each limb
(Figure 5.7). The navicular bone (analogous
to a boat) is a common name for the distal
sesamoid bone.

The nomenclature and general shape of the
bones in the single digit of the horse is gener-
ally like a single digit (III or IV)
ruminants.

Bones of the hind limb digits are like those
of the forelimb.

The articulation between fused Mc III and
Mc IV and P1 on each digit forms the meta-
carpophalangeal joint (MCP) or the fetlock
joint. Distal to the fetlock joint is the proxi-
mal interphalangeal joint (PIP) or pastern

Metacarpal
bones
!\/I_etacarpophalangeal Il and IV
joint ‘
Proximal b\
sesamoid . Proximal
Proximal phalanx
interphalangeal 8
joint Middle
Distal phalanx
sesamoid % Distal
) & phalanx
Distal
interphalangeal
joint

Lateral view

(b)

The left bovine digits: (a) palmar and (b) lateral views. In the live animal, digit IV (lateral) and digit Il
(medial) are interconnected by proximal and distal interdigital ligaments.



joint formed by articulation of P1 with P2.
More distally, articulation of P2 and P3 forms
the distal interphalangeal (DIP) or the coffin
joint.

Box 5.4

The lateral digit (digit IV) is larger and carries
more weight than the medial digit (digit Ill).
This is thought to subject the lateral digit to
more stresses. Consequently, amputation of
the lateral digit has a poorer prognosis than
the mostly good long-term prognosis for
amputation of the medial digit.

5.3 Muscles and Tendons of the
Thoracic Limb

Goal: Identify the extrinsic and intrinsic
muscles of the thoracic limb and know the
general area of origin and insertion for
each muscle. Emphasis will be placed on
the musculoskeletal structures of the dis-
tal limb. Use a goat or cow thoracic limb
skeleton to help you visualize the location
of each muscle by identifying points of
origin and insertion.

Cutaneus Trapezius m.

5 The Forelimb

Use a bovine or caprine limb to dissect mus-
cles of the thoracic limb depending on what is
available to you (there are no differences
between the two). In this guide, the extrinsic
muscles of the thoracic limb, which attach the
limb to the axial skeleton, are dissected on a
goat cadaver while the intrinsic muscles
(attached on appendicular bones of the tho-
racic limb) are dissected on both goat and cow
limbs. Use the text description below and any
prosections prepared by your instructor to
help you identify muscles and tendons.

Follow the dissection plan in Appendix A to
remove goat forelimbs. Alternatively, your
instructor may provide you with isolated
bovine or caprine limbs. It will be convenient
to study the cutaneous and extrinsic muscles
on a goat cadaver with the limbs attached
(Figure 5.8).

Use a new scalpel blade to carefully skin the
entire limb. Clean the fat and connective tis-
sue off the regions of the limb and identify the
muscles. Ask your instructor if you should
preserve the blood vessels and nerves. We rec-
ommend that you use one limb (left) for dis-
section of muscles and a second limb (right)
for dissection of blood vessels and nerves but
you can always have a mixture of both.

omobrachialis m. (cervical + thoracic parts) Cutaneus trunci m. Flank fold

Brachiocephalicus m.
(cleido-occipitalis)

Cleidobrachialis m.

Deep pectoral m.

Figure 5.8 The cutaneus trunci and cutaneus omobrachialis muscles in a goat: left lateral view. Dotted line
denotes the location of the clavicular intersection. * Omotransversarius muscle.
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Pay attention to the carpal fascia (carpal
extensor retinaculum) and deep antebrachial
fascia when skinning the limb. When dissect-
ing the blood vessels and nerves of the fore-
limb, preserve the superficial vessels (dorsal
common digital vein III, cephalic, and acces-
sory cephalic veins) and nerves (branches of
the superficial branch of the radial nerve) on
the antebrachium and the dorsal surface of
the large metacarpal bone.

If you started your work with the whole
cadaver and opted to preserve the cutaneous
muscles, identify the cutaneus omobrachia-
lis muscle on the lateral surface of the shoul-
der and caudal scapula (Figure 5.8). Identify
the cutaneus trunci muscle located further
caudally from the cutaneus omobrachialis
(Figure 5.8). The cutaneus trunci does not
cover the dorsal part of the flank region. It is
thicker in two places: the area cranial to the
stifle forming the fold of the flank, and close
to the axilla.

We will focus on the anatomy of the distal
limb but we will also attempt to give some
information on the proximal muscles. Ask
your instructor which muscles you need to
identify. Your laboratory identification (ID)
list for the forelimb (combined with the lab ID
list for the hind limb in Chapter 6) has a few
of the extrinsic muscles listed. However, all
the distal intrinsic muscles (from the elbow
and below) warrant your attention and are
part of your ID list.

Goal: Identify the major extrinsic muscles
of the thoracic limb. Make sure you iden-
tify the brachiocephalicus (an extrinsic
muscle of the thoracic limb) and sternoce-
phalicus (sternomandibularis and sterno-
mastoideus) muscles that form the dorsal
and ventral boundaries for the external
jugular groove, respectively.

The muscles of the thoracic limb are divided
into two groups: extrinsic and intrinsic mus-
cles. Extrinsic muscles attach the limb to the
axial skeleton. The axial skeleton comprises

the skull, vertebrae, ribs, and the sternum. The
extrinsic muscles of the forelimb include nine
muscles (see following list).

Although the sternocephalicus muscle
(specifically, the sternomandibularis part)
forms the ventral boundary for the external
jugular groove in cattle and goats, the muscle
is not included with the extrinsic muscles of
the forelimb. This is because it does not have
an attachment on the limb. The extrinsic
muscles must be severed to remove the tho-
racic limb.

The extrinsic muscles are generally similar
in different domestic animals with minor
variations. In ruminants, they include the fol-
lowing muscles:

Trapezius muscle (has two divisions,
thoracic and cervical parts)
Rhomboideus muscle (has two divisions,
cervical and thoracic parts)
Brachiocephalicus muscle (has two divi-
sions, cleidocephalicus and cleidobra-
chialis muscles, with the cleidocephalicus
muscle further divided into two parts,
cleidooccipitalis and cleidomastoideus)
Omotransversarius muscle

Latissimus dorsi muscle

Superficial pectoral muscle (has two divi-
sions, transverse and ascending parts)
Deep pectoral muscle

Subclavius muscle

Serratus ventralis muscle (has two divi-
sions, cervical and thoracic parts).

There follows a detail description of the
extrinsic muscles. Some of these muscles are
described in Chapter 1 (head and neck). Ask
your instructor which muscles you need to
identify. Stumps of several extrinsic muscles
can be identified on an isolated limb.

5.3.1.1 Trapezius Muscle (Cervical and

Thoracic Parts)

The trapezius muscle is a thin triangular
muscle. The base of the triangle lies towards
the the vertebral column along the dorsal
border of the scapula and caudal cervical
region. The apex courses distally on the lat-
eral surface of the scapula and inserts by an



aponeurosis (flat shiny connective tissue
sheet) on the spine of the scapula. The trape-
zius muscle has cervical and thoracic parts
(Figures 5.8 and 5.9).

Origin: Funicular part of the nuchal liga-
ment on the cervical and thoracic region.

Insertion: Spine of the scapula by a flat
aponeurosis.

Action: Contraction of the trapezius ele-
vates the scapula.

5.3.1.2 Rhomboideus Muscle (Cervical and

Thoracic Parts)

The rhomboideus muscle is located deep to

the trapezius muscle. As in the horse, the

rhomboideus in ruminants has two parts:
cervical and thoracic. In the dog, a third
part, the rhomboideus capitis, is present.

Reflect the cervical and thoracic parts of the
trapezius dorsally to identify the two parts of
the rhomboideus muscle.

Origin:

o Rhomboideus cervicis: funicular part of
the nuchal ligament that spans the distance
between C2 and T2.

o Rhomboideus thoracis: thoracic spines.

Brachiocephalicus m.
(cleido-occipitalis)

Cleidobrachialis m.  Deep pectoral m.

5 The Forelimb

Insertion: Dorsal and medial borders of
the scapular cartilage.
Action: Draw the scapula dorsally.

The hump present in some breeds of cattle
is an enlargement of the rhomboideus mus-
cle. A hump is present in zebu cattle (Bos
indicus) in Africa, and in Brahman (Bos tau-
rus indicus) or Brahman crosses from Bos
indicus cattle. Bos taurus cattle (European
breeds) do not have a hump.

5.3.1.3 Brachiocephalicus Muscle
(Cleidocephalicus and Cleidobrachialis)

The brachiocephalicus muscle is a com-
pound muscle that extends craniodorsally
from the distal cranial surface of the humerus
to the dorsal lateral surface of the skull.

In ruminants, it has three parts: the cleido-
brachialis, cleido-occipitalis, and cleido-
mastoideus muscles. The cleidooccipitalis
and cleidomastoideus form the cleidoce-
phalicus muscle.

The prefix cleido- in the names of the
divisions of the brachiocephalicus means clav-
icle. No bony clavicle is present in ruminants.

Trapezius m.
(cervical + thoracic parts)

Latissimus dorsi m.

External abdominal
oblique m.

Figure 5.9 Superficial muscles of the goat showing several of the superficially located extrinsic muscles of the
thoracic limb: left lateral view. Dotted line (white arrow) denotes the location of the clavicular intersection.

* Omotransversarius muscle.
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The divisions of the brachiocephalicus
originate from the clavicular intersection
cranial to the shoulder region and course to
brachium (cleidobrachialis division) or to the
head (cleidocephalicus division that itself has
cleidooccipitalis and cleidomastoideus parts)
(Figure 5.9).

The cleido-occipitalis is absent in the horse.

The cleidooccipitalis and cleidobrachialis,
the respective cranial and caudal divisions of
the brachiocephalicus muscle, are immedi-
ately visible when you remove the skin and
clean the superficial fascia from the neck and
brachium regions (Figure 5.9). The cleidomas-
toideus forms the ventral part of cleidocephal-
icus and is not readily visible. It directly forms
the dorsal boundary of the external jugular
groove and is located ventral and medial to
the cleido-occipitalis muscle.

Identify the clavicular intersection, cleido-
occipitalis, cleidomastoideus, and cleidobra-
chialisdivisions.Notethatthecleido-occipitalis
division is much larger and broader than the
cleidomastoideus division and covers most of
the dorsal neck region (Figure 5.9).

Origin: Clavicular intersection cranial to
the shoulder joint.

Insertion: Brachium or crest of the
humerus (cleidobrachialis), nuchal crest and
funicular nuchae (cleidooccipitalis), and
mastoid process of the petrous division of the
temporal bone (cleidomastoideus).

Actions: The brachiocephalicus muscle has
complex actions that depend on several fac-
tors such as whether the limb is weight-bear-
ing or free to swing. During motion, it extends
the shoulder joint and advances the whole
limb. Contraction of ipsilateral muscle moves
the neck and head laterally. When both left
and right brachiocephalicus muscles contract
they pull the head ventrally.

As previously discussed in the neck region, the
cleidomastoideus muscle (the ventral division
of the cleidocephalicus) forms the dorsal bor-
der of the jugular groove in cattle, goats, and

sheep. The ventral border is formed by the
sternomandibularis muscle in cattle (sternozy-
gomaticus in goats). The stermandibularis
muscle represents the ventral division of the
sternocephalicus muscle. Sheep lack the ster-

nozygomaticus muscle.

5.3.1.4 Omotransversarius Muscle

The omotransversarius muscle extends
between the spine of the scapula (acromion)
and the atlas, the first cervical vertebra (C1).
It is a flat, strap-like muscle.

The caudal portion of the omotransver-
sarius muscle can be viewed close to the cra-
nial border of the scapula between the
cervical part of the trapezius and the cleido-
occipitalis muscles (Figures 5.8 and 5.9).
The cranial part of the omotransversarius is
covered by the cleido-occipitalis muscle
(Figure 5.9).

Transect the cleidooccipitalis muscle in the
middle and reflect the two ends to uncover the
cranial part of omotransversarius muscle
coursing toward the wing of the atlas.

Origin: Acromion of the scapula.

Insertion: Part of the axis and wing of the
atlas (C1, the first cervical vertebra).

Action: It bends the neck laterally.

Transect the omotransversarius in the mid-
dle of the neck and reflect both ends. Preserve
the superficial cervical lymph nodes that
are located deep to the omotransversarius
and directly cranial to the cranial border of
the scapula.

The superficial cervical lymph nodes drain the
skin around the neck and proximal limb and
are routinely examined in meat inspection.
They become enlarged in infections involving
the neck region.

5.3.1.5 Latissimus Dorsi Muscle

The latissimus dorsi (L. dorsi) is a large trian-
gular muscle that lies dorsally caudal to the
scapula and courses cranially medial to the



proximal part of the humerus. The broad
part of the muscle courses from the thora-
columbar region caudally, to the axilla (arm-
pit) cranially (Figure 5.9). It inserts on the
proximal medial surface of the humerus in
conjunction with the teres major muscle
(Figure 5.9). Depending on whether the fore-
limb is free or fixed (weight-bearing), the L.
dorsi flexes the shoulder joint and draws the
trunk forward, respectively.

Origin: Thoracolumbar fascia on the dor-
sal midline of the thorax and lumbar regions.

Insertion: Teres major tuberosity, on the
medial-proximal side of the humerus.

Action: The action depends of the limb
position. The L. dorsi draws the limb cau-
dally when the limb is free (non-weight-
bearing). It draws the trunk cranially when
the limb is fixed (weight-bearing).

5.3.1.6 Superficial Pectoral Muscle
(Descending and Transverse Parts)

The superficial pectoral muscle is located
ventrally between the forelimbs and courses
between the cranial part of the sternum and
the proximomedial aspects of the humerus
and the antebrachium region (radius and
ulna) (Figure 5.10). The superficial pectoral

Descending
pectoral m.

Cephalic v.

External
jugular v.

5 The Forelimb

muscle has two parts: descending and trans-
verse pectoral muscles.

The actions of the superficial pectoral
muscles include limb adduction when not
bearing weight or prevention of limb abduc-
tion when weight is placed on the body.

The horse has well-developed superfi-
cial pectoral muscles when compared with
cattle.

Origin: Manubrium (descending pectoral),
and 2-6 sternebrae (transverse pectoral).

Insertion: Crest of the humerus (descend-
ing pectoral), proximal one-third of the medial
forearm (transverse pectoral).

Action: To prevent abduction of the fore-
limbs when bearing weight. To adduct the
forelimbs when not bearing weight. One of
the most important functions of the pectoral
muscles is to suspend and support the weight
of the body between the limbs (sling system
analogous to the role of serratus ventralis
muscle discussed later).

5.3.1.7 Deep (Ascending) Pectoral Muscle
The deep pectoral muscle is located ventrally
behind the transverse pectoral muscle. It is
thicker than the superficial pectoral muscle
(Figure 5.10).

Deep
pectoral m.

sverse
pectoral m.

Figure 5.10 The superficial (descending and transverse pectorals) and deep pectoral muscles (goat):

ventral view.
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Origin: Median raphe along the entire
ventral surface of the sternum.

Insertion: Lesser and greater tubercles on
the proximal humerus.

Action: Adducts and draws limb caudally
when the limb is free to swing. The deep pec-
toral advances the trunk when the limb is
advanced and fixed.

5.3.1.8 Serratus Ventralis Muscle

The serratus ventralis muscle is a fan-shaped
muscle located deep (medial) to the scapula. It
has a critical role, along with other extrinsic
muscles, in attaching the forelimb to the axial
skeleton (ribs and cervical vertebrae). This
type of attachment (bone—muscle—bone) is
different from a conventional joint and is called
synsarcosis. The left and right muscles act as a
sling system to carry the weight of the body
between the limbs as do the pectoral muscles
mentioned earlier.

The thoracic limb covers much of the ser-
ratus ventralis muscle except for the cranial
and caudal parts. The muscle fibers of the ser-
ratus ventralis muscle extend from the middle
parts of the ribs and transverse cervical

Serratus dorsalis
cranialis m.

Serratus ventralis m.
(cervical + thoracic parts)

Long thoracic n.

vertebrae to attach on the medial (deep) sur-
face of the scapula along the serrated face.

Remove the thoracic limb to uncover the full
extent of the serratus ventralis muscle (Figure
5.11). Detach the insertion from the serrated
face of the scapula. To completely remove the
limb, transect the remaining extrinsic muscles
at the cranial, dorsal, and caudal borders.

Following removal of the thoracic limb,
note the fan-shaped appearance of the serra-
tus ventralis (Figure 5.11). On the ribs, note
that the fibers of the serratus ventralis inter-
digitate in a serrated manner with those of
the external abdominal oblique muscle,
hence the name serratus.

Identify the cervical and thoracic parts of
the muscle.

Origin: Last 4-5 cervical vertebrae (cervi-
cal part) and first 7—8 ribs (thoracic part).

Insertion: Serrated surface of the scapula.

Action: The cervical part draws the scap-
ula cranially when the limb swings caudally.
The thoracic part does the opposite (moves
the scapula caudally) when the limb is
advanced cranially. The left and right mus-
cles act as “sling system” to support the trunk.

External abdominal oblique m.

Rectus abdominis m.  Subiliac lymph node

Figure 5.11 Dissection of serratus ventralis muscle (goat: left lateral view; the left forelimb has been removed).
Note the fanshaped cervical and thoracic parts of the serratus ventralis muscle (insertion of the muscle cut
along the dotted line). The long thoracic nerve (from the brachial plexus) supplies the serratus ventralis

muscle.



5.3.1.9 Subclavius Muscle
The subclavius muscle courses along the cra-
nial border of the scapula and supraspinatus
muscle. It is well-developed in goats, pigs,
and horses but is absent in dogs. Do not look
for it.

Origin: First rib cartilage.

Insertion: Clavicular intersection of the
brachiocephalicus muscle.

Action: No action that deserves attention.

Goal: Identity the major intrinsic muscles
from proximal to distal. Emphasis will be
placed on muscles and tendons in the dis-
tal limb (elbow and below). Study muscle
actions on the joints.

Skin the entire limb and clean the superficial
fascia and fat. To keep your specimen looking
fresh between labs, make sure that you keep it
moistened by regularly spraying it as needed
with water or InfuTrace solution (neutralizes
and reduces formaldehyde in embalmed spec-
imens). We suggest dissecting muscles and
vessels on separate limbs.

Muscles in proximal limb (shoulder and
brachium):

Supraspinatus muscle
Infraspinatus muscle

Deltoideus muscle

Teres minor muscle

Teres major muscle
Subscapularis muscle

Triceps brachii muscle (long, lateral, acces-
sory, and medial heads)
Anconeus muscle

Tensor fasciae antebrachii muscle
Coracobrachialis muscle

Biceps brachii muscle

Brachialis muscle.

Muscles and structures of the distal limb
(antebrachium, and manus [carpus, metacar-
pus and digits]). Depending on their loca-
tion, the muscles of antebrachium are broadly
divided into two groups: caudolateral and
caudomedial (Figures 5.12 and 5.13).

Craniolateral group: Use the acronym “ECLU”
to remember the first four of the following
extensor muscles.

Extensor carpi radialis muscle

Common digital extensor muscle (has two
belies and three tendons coursing to digits
III and IV)

Lateral digital extensor muscle (has one
tendon inserting on the lateral digit)
Ulnaris lateralis muscle (has long and short
tendons)

Extensor carpi obliquus muscle.

Caudomedial group:

Flexor carpi ulnaris muscle

Flexor carpi radialis muscle

Superficial digital flexor (SDF) muscle-flexor
manica

Deep digital flexor (DDF) muscle
Interosseus muscle (suspensory ligament)
axial and abaxial extensor branches.

Retinacula:

Extensor retinaculum (deep fascia-dorsal
carpus)
Flexor retinaculum (deep fascia-palmar
carpus).

Ligaments of the digits:

Annular ligaments (fetlock, proximal and
distal digital annular ligaments)
Interdigital ligaments (proximal and distal).

Hoof:

Wall
Sole
Bulb
White line.

5.3.2.1 Muscles of Proximal Limb

(Shoulder and Brachium)

5.3.2.1.1 Supraspinatus Muscle

The supraspinatus muscle is a lateral shoul-
der muscle that occupies the supraspinous
fossa of the scapula (Figures 5.13a and 5.14).
Note that the supraspinatus muscle wraps
around the cranial border of the scapula and
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Supraspinatus m.

Lateral head
triceps brachii m.

Brachialis m.

Extensor carpi

Teres major m.

Tensor fasciae
antebrachii m.

Deltoideus m.
(scapular + acromial parts)

Long head triceps
brachii m.

radialis m. Lateral digital
Common digital extensor m.
extensor m. Ulnaris lateralis m.

Extensor carpi
obliquus m.

Latissimus dorsi m.
Subscapularis m.

Teres major m.

Tensor fasciae
antebrachii m.

Medial head of
triceps brachii m.

Flexor carpi ulnaris m.

Flexor carpi
radialis m.

Superficial digital
flexor m. (SDF)

Lateral view

(a)

Medial view

(b)

Carpal extensor
retinaculum

Supraspinatus m.

Coracobrachialis m.

Biceps brachii m.

Extensor carpi
radialis m.

Pronator teres m.

Radius

Figure 5.12 (a) Overview of the lateral intrinsic muscles of the left thoracic limb (goat). (b) Overview of the
medial intrinsic muscles of the left thoracic limb (goat).

is visible on the medial cranial side of the
scapula (Figure 5.14). The main function of
the supraspinatus muscle is to stabilize the

shoulder joint. Other actions of the muscle
are of minor significance. It inserts on cranial
surface of the greater and lesser tubercle.
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Teres major m.

Infraspinatus m. .
] Tensor fasciae
. : antebrachii m.
Supraspinatus m.
Long head of triceps

Lateral head of brachii m.

triceps brachii m. Deltoideus m.
(scapular + acromial parts)
Brachialis m.
Extensor carpi Lateral digital
radialis m. extensor m.
Common digital
extensor m. Ulnaris lateralis m.

Carpal extensor
retinaculum

Lateral dewclaw
(digit V)

Lateral view

(a)

Subscapularis m. Supraspinatus m.

Teres major m.
Tensor fasciae Coracobrachialis m.
antebrachii m. ) .
Biceps brachii m.
Medial head of

triceps brachii m. Extensor carpi

. . radialis m.
Flexor carpi ulnaris m.

Flexor carpi
radialis m.

Medial dewclaw

Superficial digital (digit 1l

flexor (SDF) m.

Medial view

(b)

Figure 5.13 (a) Overview of the lateral intrinsic muscles of the left bovine thoracic limb. The bovine intrinsic
thoracic limb muscles are like those of the goat (Figure 5.12a). IV, lateral digit. (b) Overview of the medial
intrinsic muscles of the left bovine thoracic limb. The bovine intrinsic thoracic limb muscles are like those of
the goat (Figure 5.12b). lll, medial digit.
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Supraspinatus m.

Deltoideus m.
(scapular + acromial parts)

Biceps brachii m.

Brachialis m.

Extensor carpi
radialis m.

Common digital
extensor m.
Extensor carpi obliquus m.

- Teres major m.

Infraspinatus m.

Long head of triceps
brachii m.

Lateral head of
triceps brachii m.

y

_ extensor m.

Lateral view

Ulnaris lateralis m.

Lateral digital

Bovine proximal muscles of the shoulder, brachium, and antebrachium: close up left lateral view.

Origin: Supraspinous fossa.

Insertion: Split insertion on the greater
and lesser tubercles.

Action: Stabilizes and extends the shoul-
der joint.

5.3.2.1.2 Infraspinatus Muscle

The infraspinatus muscle is a lateral shoulder
muscle that occupies the infraspinous fossa
on the lateral surface of the scapula. It is
partly covered by the deltoideus muscle
(Figures 5.13a and 5.14).

The infraspinatus muscle has two insertion
tendons: long superficial tendon and rela-
tively short deep tendon. Like the supraspi-
natus, the infraspinatus muscle stabilizes the
shoulder joint.

An infraspinatus subtendinous bursa is
present deep to the superficial tendon in
ruminants and other most domestic animals
(dog and horse). The bursa may, however, be
absent in small ruminants.

Reflect the scapular and acromial parts of
the deltoideus muscle to uncover the distal
part of the infraspinatus muscle on a cow
forelimb. Transect the infraspinatus belly
midway between its proximal and distal ends.
Reflect the distal half from the infraspinous
fossa to its insertion on the humerus. Verify
the presence of the subtendinous bursa.

Origin: Supraspinous fossa.

Insertion: Proximal caudal border of the
greater tubercle (deep tendon) and distal to
the greater tubercle (superficial tendon).

Action: Stabilizes the shoulder joint (acts
like a collateral ligament). Other actions are
of minor significance.

5.3.2.1.3 Deltoideus Muscle

The deltoideus muscle covers the lateral sur-
face of the infraspinatus muscle (Figure 5.14).
In ruminants, it has scapular and acromial
parts. It originates from the spine of the scap-
ula and acromion and inserts on the deltoi-
deus tuberosity on the lateral surface of the
humerus.

In the horse, the deltoideus muscle lacks
the acromial part. The dog, like ruminants,
has both the scapular and acromial parts.

Origin: Spine of the scapula proximal to
the acromion (scapular part), and the acro-
mion in distal end of the scapular spine
(acromial part).

Insertion: Deltoid tuberosity on proximal
lateral surface of the humerus.

Action: Flexes the shoulder joint.

5.3.2.1.4 Teres Minor Muscle
The teres minor muscle is relatively small
muscle located deep to the distal end of the



scapular part of the deltoideus muscle. It lies
directly over the lateral surface of the shoul-
der joint.

Reflect the scapular part of the deltoideus
muscle to uncover the teres minor muscle.

Origin: Distal third of the caudal border of
the scapula.

Insertion: Teres minor tuberosity proxi-
mal to the lateral deltoid tuberosity

Action: Flexes the shoulder joint.

5.3.2.1.5 Teres Major Muscle

The teres major muscle is located along the
caudomedial border of the scapula caudal to
the subscapularis muscle. The teres major
muscle flexes the shoulder joint. Look for the
teres major on the medial surface of the
shoulder region (Figure 5.15).

Origin: Proximal caudal border (caudal
angle) of the scapula.

Insertion: Teres major tuberosity on the
proximal medial surface of the humerus
along with the insertion tendon of the latis-
simus dorsi muscle.

Action: Flexes the shoulder joint.

Note that the deltoideus, teres major, and
teres minor all flex the shoulder joint. The
names of these muscles can be memorized by

Subscapularis m.

Teres major m.

Tensor fasciae
antebrachii m.

Medial head of
triceps brachii m.

Flexor carpi

\
1
i
3

ulnaris m.
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‘-

the acronym “DTT” which stands for deltoi-
deus, teres major, and teres minor.

5.3.2.1.6 Subscapularis Muscle
The subscapularis muscle occupies the sub-
scapular fossa on the medial surface of the
scapula (Figure 5.15). The muscle has several
parallel parts covered by strong white deep
fascia (multipennate type muscle). Ask your
instructor for explanation of the terms pen-
nate, bipennate, and multipennate muscles.

The subscapularis muscle stabilizes the
shoulder joint on the medial side in concert
with the stabilizing actions of the supra-
and infraspinatus muscles on the lateral
side of the shoulder joint. The subscapula-
ris muscle inserts on the lesser tubercle of
the humerus.

Origin: Subscapular fossa.

Insertion: Lesser tubercle.

Action: Stabilizes the shoulder joint. Other
minor action includes adduction of the
brachium.

5.3.2.1.7 Triceps Brachii Muscle (Long, Lateral,
Accessory, and Medial Heads)

The triceps brachii muscle occupies the tri-
angular space cranial to an imaginary line

Supraspinatus m.

Location of transverse
humeral retinaculum

‘ Coracobrachialis m.

Biceps brachii m.

Brachialis m.

Extensor carpi
radialis m.

Medial view

Medial bovine intrinsic muscles of the thoracic limb in the shoulder, brachium, and proximal

antebrachium regions: close-up view.



from the caudal border of the scapula to the
olecranon tuber of the ulna (Figure 5.14).

The triceps brachii muscle has four heads
in ruminants and dogs: long, lateral, acces-
sory, and medial. The accessory head is small
in ruminants and may sometimes be absent.

In the horse, the triceps brachii muscle fits
its descriptive name as it has only three
heads: long, lateral, and medial. The acces-
sory head is absent.

In all domestic animals, the heads of the
triceps brachii join distally to insert on the
olecranon tuber. A subtendinous bursa (sub-
tendinous bursa of the triceps brachii) is
located between the olecranon tuber and the
combined tendon of the triceps brachii
muscle.

Keep in mind that the long head is the only
division of the triceps brachii that originates
from the caudal border of the scapula with
actions on two joints: the shoulder and elbow
joints. The remaining heads originate from
the proximal humerus. The triceps brachii is
a major extensor of the elbow joint. Other
minor extensors of the elbow (anconeus and
tensor fasciae antebrachii) are of negligible
significance.

Origin: Caudal border of the scapula (long
head); proximal lateral humerus and tricipi-
tal line (lateral, accessory, and medial heads).

Insertion: Olecranon tuber (point of the
elbow).

Action: Extend the elbow. The long head
flexes the shoulder joint.

5.3.2.1.8 Anconeus Muscle
The anconeus muscle is located on the lateral
surface of the elbow joint deep to the lateral
head of the triceps brachii muscle. Injections
through the anconeus muscles reach the
elbow joint capsule.

Origin: Caudodorsal part of the humerus
(olecranon tuber).

Insertion: Lateral surface of the olecranon.

Action: Extends the elbow joint. It raises
the elbow joint capsule during extension

5.3.2.1.9 Tensor Fasciae Antebrachii Muscle
The tensor fasciae antebrachii muscle is
located on the caudal and part of the medial

side of the antebrachium (Figure 5.15). In
ruminants, the muscle covers the caudal bor-
der of the long head of the triceps brachii.

In the horse and dog, it covers a more sub-
stantial area of the medial surface of the long
head of the triceps brachii muscle.

Origin: Caudal border of the scapula.

Insertion: Olecranon tuber (point of the
elbow) and deep antebrachial fascia.

Action: Extends the elbow.

5.3.2.1.10 Coracobrachialis Muscle
The coracobrachialis muscle is located on
the medial side of the shoulder joint and
proximal brachium region. The tendon of
origin obliquely crosses the shoulder joint.
The muscle belly lies behind the biceps bra-
chii superficial to the distal insertion of the
teres major (Figure 5.15). It has several func-
tions including stabilization of the shoulder
joint, adduction of the brachium, and flexion
of the shoulder joint.

Origin: Coracoid process of the scapula.

Insertion: Teres major tuberosity (in the
horse) and distal medial surface of the
humerus distal to the teres major tuberosity
(in ruminants).

Action: Flexes, adducts, and stabilizes the
shoulder joint.

5.3.2.1.11 Biceps Brachii Muscle

The biceps brachii muscle is located on the
cranial and medial surfaces of the humerus
(Figure 5.15). It originates from the supragle-
noid tubercle of the scapula and inserts on
the medial proximal surface of the radius. It
is a major flexor of the elbow joint. The fol-
lowing two features are associated with the
biceps brachii:

A transverse humeral retinaculum (a
flat connective tissue structure) wraps
around the tendon of origin of the biceps
brachii. It prevents eversion of the tendon
from the intertubercular groove.

An intertubercular bursa is present under
the tendon of origin of the biceps brachii.
This bursa is an independent synovial sac in
bovine and equine species but is an exten-
sion of the shoulder joint capsule in dogs.
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Figure 5.16 Craniolateral muscles of the antebrachium and digits (left bovine forelimb). IV, lateral digit. The
superficial and deep antebrachial fascia have been removed except for the carpal extensor retinaculum.

Origin: Supraglenoid tubercle.

Insertion: Radial tuberosity and medial
elbow region.

Action: Flexes the elbow and extends the
shoulder joint.

5.3.2.1.12 Brachialis Muscle
The brachialis muscle is located on lateral
surface of the humerus (in the brachialis
groove) and is partially covered by the lateral
head of the triceps brachii muscle (Figures 5.14
and 5.15). It flexes the elbow joint.

Origin: Proximal part of the caudal surface
of the humerus and brachialis groove.

Insertion: Medial elbow and proximal part
of the medial surface of the radius (cattle)
and the medial coronoid process of the ulna
(goats).

Action: Flexes the elbow joint.

5.3.2.2 Muscles and Tendons of the Distal
Limb (Antebrachium and Manus [Carpus,
Metacarpus, and Digits])

The muscles located on the antebrachium are
divided into craniolateral and caudomedial
groups. The craniolateral group are general

extensors of the carpus and digits and the
caudomedial group have the opposite effect
(flexors of the carpus and digits).

5.3.2.2.1 Craniolateral Group (Located on
Cranial and Lateral Forearm)

To identify the extensor group of carpus and
digits, turn the limb so the lateral side is facing
up. From cranial to caudal these muscles
include extensor carpi radialis, extensor carpi
obliquus, common digital extensor, lateral digi-
tal extensor, and ulanris lateralis muscles
(Figure 5.16).

The muscles on the craniolateral group of
the antebrachium muscles share common
characteristics that help you memorize sev-
eral of their characteristics:

1) Common origin from the lateral epicon-
dyle of the humerus, with the exception of
the extensor carpi radialis (originates
from lateral supracondylar crest) and
extensor carpi obliquus (originates from
body of the radius).

2) All the muscles in this group are inner-
vated by the radial nerve.
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They collectively extend the carpus with
some muscles (common and lateral digi-
tal extensor) extending the digital joints
as well (muscles with the word “digit” in
their name).

They are located on the craniolateral
aspect of the antebrachium.

Remove the superficial and deep antebra-
chial fascia to uncover the muscles of the
crus or antebrachium. There follows a sum-
mary of the antebrachium muscles on cran-
iolateral aspect of the leg (crus).

5.3.2.2.2 Extensor Carpi Radialis Muscle
The extensor carpi radialis is the most cra-
nial muscle of the craniolateral group of the
antebrachium region (Figure 5.16). It origi-
nates from the lateral supracondylar crest
and radial fossa and inserts on the metacar-
pal tuberosity of the large metacarpal bone
(fused Mc III and Mc 1V). It extends the
carpus.

Origin: Lateral supracondylar crest and
radial fossa.

Insertion: Metacarpal tuberosity at the
base of Mc III and Mc IV.

Action: Extends the carpus.

5.3.2.2.3 Common Digital Extensor Muscle
(Medial and Lateral Heads and Three Tendons)
The common digital extensor in ruminants
has two bellies or heads (medial and lateral)
and three insertion tendons. It is located cau-
dal to the extensor carpi radialis muscle and
cranial to the lateral digital extensor muscle
(Figure 5.16). The lateral head of the com-
mon digital extensor also has superficial and
deep heads. It is not necessary to dissect
these heads but follow their tendons to the
digits.

The common digital extensor muscle has
one belly in the horse.

The tendon of the medial head of the com-
mon digital extensor is sometimes called the
medial digital extensor tendon or proper
extensor tendon of digit III. The tendon of
the lateral head is called the common exten-
sor tendon of digits III and IV.

Follow the medial and lateral (middle)
tendons of the common digital extensor
coursing distally on the dorsal surface of the
metacarpal region. The relatively large medial
tendon inserts on the medial digit (digit III).
The lateral (or middle) relatively thin tendon
splits into two tendons that course to the
interdigital space to insert on the extensor
processes of P3 of digits III and IV.

Origin: Lateral epicondyle of the humerus.

Insertion: Medial tendon inserts on P2
with extension to P3 (ox) of the medial digit
(digit III); the lateral tendon splits into two
thin tendons that insert on the extensor pro-
cesses of P3 of digits III and IV.

Action: Extends the carpus and digital joints.

5.3.2.2.4 Lateral Digital Extensor Muscle

The lateral digital extensor muscle lies caudal
to the common digital extensor (Figure 5.16).
Like the common digital extensor muscle, it
originates from the lateral epicondyle of the
humerus. The tendon of the lateral digital
extensor inserts on the lateral digit (digit IV)
in the same manner as the insertion of the
medial (proper) tendon of the common digi-
tal extensor on the medial digit (digit III).

Origin: Lateral epicondyle of the humerus
and lateral collateral ligament of the elbow.

Insertion: On P2 and P3 (in the ox) of the
lateral digit (digit IV).

Action: Extends the carpus and the phalan-
geal joints of digit IV.

Note that the tendon of the lateral digital
extensor muscle to the lateral (IV) digit and
the medial tendon of the common digital
extensor muscle to the medial (III) digit are
wider in size than the extensor tendons that
course to the interdigital space. They are
known as the “proper” digital extensor ten-
dons of digits IV and III, respectively
(Figures 5.16 and 5.17).

5.3.2.2.5 Ulnaris Lateralis Muscle

The ulnaris lateralis muscle is the most cau-
dal muscle of the craniolateral group (Figure
5.16). It inserts on the accessory carpal bone
and on metacarpal IV and/or V by short and
long tendons, respectively. The ulnaris
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Figure 5.17 (a,b) Distal extensor tendons of the left bovine forelimb. Extensors tendons originate proximally
from the common and lateral digital extensor muscles in the forearm region (a). (c) Distal insertion of extensor
tendons of the lateral and common digital extensor muscles, and axial and abaxial extensor branches of the
interosseus Il and IV muscles. Goat right forelimb: dorsal view. Source: adapted from Garrett PD. (1988) Guide
to Ruminant Anatomy Based on the Dissection of the Goat, lowa State University Press.

lateralis muscle flexes carpal joints and
extends the elbow joint.
Origin: Lateral epicondyle of the humerus.
Insertion: Accessory carpal bone (short ten-
don) and Mc IV and/or Mc V (long tendon).
Action: Flexes or extends the carpus
depending on position and action of other
muscles.

5.3.2.2.6 Extensor Carpi Obliquus Muscle

The belly of the extensor carpi obliquus mus-
cle is located deep to the muscles of the cran-
iolateral antebrachium group. It is known as
the abductor pollicis longus or abductor dig-
iti I longus in the dog. Its tendon of insertion
courses obliquely over that of the extensor
carpi radialis muscle to insert on the proximal
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Figure 5.18 Bovine left forelimb. Caudomedial flexor muscles of the antebrachium and digits.

medial surface of the large metacarpal bone
(Figure 5.16).

Origin: Lateral distal half of the body of
the radius deep to the common and lateral
digital extensors muscles.

Insertion: Medial proximal surface of
large metacarpal bone (fused Mc III and
Mc1V).

Action: Extends the carpus.

5.3.2.3 Caudomedial Muscle Group of the
Antebrachium

Goal: Identify the flexors of the carpus
and digits and know their general area of
origins and insertions especially that of
the distal digital flexor tendons (SDF and
DDE).

To identify muscles in this group, turn the
limb so the medial side is facing up (Figure
5.18). Clean the muscles and tendons by
removing the overlying fascia and fat.

5.3.2.3.1 Flexor Carpi Ulnaris Muscle
The flexor carpi ulnaris muscle lies next (cau-
dal) to ulnaris lateralis muscle on the caudo-
medial side of the antebrachium. It has small
ulnar head and large humeral head. It is one
of two muscles that insert on the accessory
carpal bone (Figure 5.18). The other muscle
is ulnaris lateralis previously discussed with
extensors of the carpus. Identify the flexor
carpi radialis and ulnaris lateral on a caudal
view of the forelimb (Figure 5.19b).

The flexor carpi ulnaris flexes the carpus
and extends the elbow.

Origin: Medial epicondyle of the humerus
(humeral head), and olecranon (ulnar head).

Insertion: Accessory carpal bone.

Action: Flexes the carpus and extends the
elbow.

5.3.2.3.2 Flexor Carpi Radialis Muscle

The flexor carpi radialis muscle has one belly
and is located on the medial surface of the
antebrachium directly caudal to the radius



(Figure 5.19a). It originates from the medial
epicondyle and inserts on the lateral surface of
the proximal end of the large metacarpal bone
(fused Mc IIl and Mc IV). As you will see later,
this muscle must be reflected to uncover the
median artery and median nerve on the
medial surface of the antebrachium region.

Flexor carpi ulnaris m.

Flexor carpi
radialis m.
Superficial digital
flexor (SDF) m.
(two bellies)

Deep digital
flexor (DDF) m.

Band
from the interosseus
muscle to SDF

5 The Forelimb

Note that there is no muscle covering the
medial surface of the radius.

Origin: Medial epicondyle of the humerus.

Insertion: Proximomedial surface of
large metacarpal bone (fused Mc III and
Mc V).

Action: Flexes the carpus.

Extensor carpi

Radius

Extensor retinaculum

Medial view

(a)
Insertion of triceps brachii m.

Ulnar head of deep
digital flexor (DDF) m.

Ulnaris lateralis m.

Accessory carpal
bone

on olecranon tuber (point of
the elbow)

Flexor carpi ulnaris m.

Superficial digital
flexor (SDF) m.

Caudal view

(b)

Figure 5.19 (a) Bovine left forelimb. Figure shows caudomedial flexors tendons of the distal forelimb. Tendons
are separated apart to demonstrate the heads of the superficial digital flexor (SDF) and a band analogous to
accessory (check) ligament coursing from the interosseus muscle to SDF tendon. Proximally, the flexor
retinaculum is incised and removed to open the carpal canal. (b) Bovine left forelimb: caudal view. The figure
shows caudal view of flexors of the carpus and digits. The flexor retinaculum is incised.
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5.3.2.3.3 Pronator Teres Muscle
In ruminants, the pronator teres muscle is a
small vestigial entity of little significance
(Figure 5.12b).

The muscle is fleshy in dogs and cats.
There is no need to identify this muscle.

5.3.2.3.4 Superficial Digital Flexor with
Superficial and Deep Parts: Flexor Manica

The superficial digital flexor (SDF) lies deep
to the flexor carpi ulnaris muscle. It originates
on the medial epicondyle of the humerus and
inserts by split tendons on the palmar surface
of phalanx 2 (P2) of digits III and IV.

The SDF has two bellies: superficial and
deep (Figure 5.19). The tendon of the deep
belly of SDF passes through the carpal canal
deep to the deep layer of the flexor retinacu-
lum while the tendon of the superficial belly
of the SDF muscle passes between the
superficial and deep layers of the flexor
retinaculum.

The superficial and deep tendons of the
SDF muscle join in the mid metacarpal
region to form a single tendon.

Above the fetlock joint, the SDF tendon
receives a band from the interosseus muscle.
This band is similar to the distal check liga-
ment of the SDF in the horse except that this
band connects two muscles (SDF and inter-
osseus) instead of bone and muscle (radius
and SDF) as the case with the check ligament
of the SDF in the horse. Additionally, this
band is located in the metacarpus instead of
the antebrachium where the check ligament
of the SDF in the horse is located.

The SDF and the band from the interos-
seus help form the flexor manica, a sleeve
for the passage of the DDF tendon to palmar
surface of P3.

The SDF muscle flexes the metacar-
pophalangeal (MCP—fetlock) and the proxi-
mal interphalangeal (PIP or pastern) joints.

Origin: Medial epicondyle of the humerus.

Insertion: Palmar surface of the middle
phalanx (P2) of digits III and IV.

Action: Extends the elbow and flexes the
carpal, fetlock, and pastern joints.

5.3.2.3.5 Deep Digital Flexor Muscle

In the metacarpal region, the tendon of the
deep digital flexor (DDF) lies cranial to that
of the SDF tendon. The DDF muscle has
three parts: ulnar, radial, and humeral
heads.

Identify the tendons of the SDF and DDF
muscles (Figure 5.19a). It is not necessary to
identify the individual heads of the DDF
muscle.

Proximal to the fetlock, each of the SDF and
DDF tendons split into two tendons that pass
to the lateral and medial digits (Figure 5.20).

Origin: Olecranon (ulnar head), proximal
medial radius (radial head), and medial epi-
condyle of the humerus (humeral head).

Insertion: Flexor tubercle of the distal
phalanx (P3) of digits III and IV.

Action: Extends the elbow and flexes the
carpal, fetlock, pastern, and coffin joints.

5.3.2.3.6 Interosseus Muscle (Suspensory
Ligament) with Axial and Abaxial Extensor
Branches

The interosseus muscle (suspensory liga-
ment) in ruminants is fused interosseus III
and IV muscles (Figures 5.20, 5.21, and 5.22).
It is located on the palmar side of the large
metacarpal bone (fused Mc III and Mc IV)
deep to the deep digital flexor tendon.

The horse has a single interosseus III mus-
cle (suspensory ligament). The suspensory
ligament is very tendinous in horse com-
pared to relatively fleshy muscles in
ruminants.

In the distal palmar metacarpal region, the
fused interosseus muscle in ruminants gives
a band that joins the SDF (discussed previ-
ously with SDF) and splits into five branches.
Four of the five branches insert on the four
axial and abaxial proximal sesamoid bones at
the level of the fetlock joints (Figure 5.7). The
fifth tendon courses in the interdigital space
between the axial sesamoids and gives two
axial extensor branches that join the “proper”
extensor branches of the lateral and common
digital extensor muscles on digits III and IV
(Figures 5.17c¢, 5.20, 5.21, and 5.22).
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Interosseus m. ll|

Axial and abaxia
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Figure 5.20 Left bovine limb: palmar view. The figure shows distal tendons of the interosseus lll and IV
muscles, and bifurcation of the flexor tendons (SDF and DDF) to insert on each digit. Note the attachments of
four of the interosseous branches to proximal axial and abaxial sesamoid bones.

The lateral and medial abaxial branches of
the interosseus muscle that insert on the abax-
ial proximal sesamoids give rise to abaxial
extensor branches that also join the “proper”
digital extensor tendons on digits IV and III,
respectively (Figure 5-17c¢). You should recall
that the proper digital extensor tendons are
furnished by distal continuations of the lateral

Interosseus m. IV

Split of the left and right
superficial and deep digital
flexor tendons into two tendons
each

digital extensor tendon and the medial tendon
of the common digital extensor muscle.

Origin: Distal row of carpal bones and pal-
mar carpal ligament.

Insertion: Proximal sesamoids bones and
by continuation join the proper digital exten-
sor tendons by axial and abaxial extensor
branches.

Interosseus m. 1lI

Axial extensor
branch of
interosseus
muscles Il and
\

Figure 5.21 Left bovine distal metacarpal region: close-up palmar view. The SDF and DDF flexor tendons are

reflected down.
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Interosseus m. IV
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Bovine fetlock joints (left limb): palmar view. The figure shows left and right metacarpophalangeal
(fetlock) joints (opened). Note the axial extensor branch from the fused interosseus muscle coursing distally
between the medial and lateral distal condyles of the large metacarpal bone.

Action: Prevents overextension of the
fetlock joints produced by pressure from
the weight of the animal. The interosseus
muscle opposes the flexor tension of the
DDF tendon on the pastern and coffin
joints.

Goal: Know the definition of a retinacu-
lum (a flat sheet of connective tissue that
holds tendons in place over bony promi-
nences), and give examples (e.g., extensor
or flexor retinaculum).

A retinaculum is a band of flat connective tis-
sue that wraps around and binds down mus-
cle tendons.

In the forelimb, identify the transverse
humeral retinaculum over the tendon of
origin of biceps brachii (Figure 5.15) and
the extensor retinaculum on the dorsum
of the carpus (Figure 5.16). The carpal
extensor retinaculum holds down the ten-
dons of the extensors of the carpus and dig-
its. A subcutaneous bursa may sometimes
develop in this region. When enlarged it is
known as carpal hygroma. This condition
results from poor management and lack of
bedding.

A flexor retinaculum is located on the
caudal aspect of the carpus. It defines the

caudal boundary of the carpal canal. It
extends from the accessory carpal bone
medially, and fans over the SDF and DDF and
flexor carpi radialis flexor tendons to insert
on the medial surface of the carpus.

Goal: Identify the dorsal, caudal, and lat-
eral boundaries of the carpal canal, and
give examples of tendons, blood vessels,
and nerves that pass through it.

The carpal canal is the space behind the car-
pal bones and medial to the accessory carpal
bone. Flexor tendons, blood vessels, and
nerves pass from proximal to distal through
the carpal canal (from the medial side of the
antebrachium region to the palmar side of
the metacarpal region).

The thick palmar carpal ligament lies
directly on the palmar surface of carpal
bones. The palmar carpal ligament is part of
the carpal fibrous joint capsule that forms
the dorsal boundary for the carpal canal.
Other boundaries of the carpal canal include
the accessory carpal bone laterally, and the
flexor retinaculum caudally. The flexor reti-
naculum has superficial and deep layers.

Vessels and flexor tendons passing through
the carpal canal include the median nerve,
median artery, median vein, the flexor tendons



of the SDF and DDF muscle tendons, and ten-
don of the flexor carpi radialis muscle. The
tendon of the superficial belly of the SDF
passes deep to the superficial layer of the
flexor retinaculum.

Identify the boundaries for the carpal canal
on a cow or goat skeleton.

Goal: Identify the interdigital ligaments
(especially the distal interdigital ligament),
annular ligaments (palmar annular liga-
ment, proximal and distal digital annular
ligaments).

There are several ligaments associated with
the SDF and DDF tendons on the palmar
surface of the fetlock and below. They have
more clinical significance in the athletic
horse than in docile ruminants. Therefore,
many of these ligaments will be studied in
more detailed in the horse.

Ligaments unique to ruminants are the
proximal and distal interdigital ligaments
that prevent the lateral and medial digits
from splaying (spreading apart) when they
bear weight. The following discussion is an
overview of the ligaments on the palmar sur-
face of the digits. Ask your instructor which
ligaments you need to identify.

This ligament courses horizontally between
the proximal phalanges (P1) of digits III and
IV. The proximal interdigital ligament is pre-
sent in cattle and goats but is absent in sheep.
Do not look for this ligament as it is difficult
to identify. We recommend identifying only
the distal interdigital ligament.

This ligament courses horizontally between
the proximal parts of the middle phalanges
(P2) and the distal sesamoids of the opposite
digits (Figure 5.23).

Identify the distal interdigital ligaments in
the ox or goat. The interdigital ligaments are
more developed in cattle than goats.

Several annular ligaments support each digit.
Follow the bifurcation of the SDF and DDF
tendons to digits III and IV (Figure 5.20).
Identify the palmar annular ligament at the
palmar surface of the fetlock joint. It wraps
around both the SDF and DDF tendons of each
digit at the level of the proximal sesamoids.

Move your probe distal to the palmar annu-
lar ligament and identify the proximal and
distal digital annular ligaments on each
digit. The digital annular ligaments are
attached to the proximal and middle parts of
the proximal phalanx (P1) on each digit.

Select one digit, transect all of the annular
ligaments, and reflect the SDF and DDF ten-
dons from the channel on the palmar side of
this digit. Identify the flexor manica, a sleeve
from the SDF that wraps around the DDF
tendon and allows for passage of DDF tendon
to its insertion on the distal phalanx (P3)
(Figure 5.19a).

With the help of Figure 5.24, identify the
hoof wall, sole, heel bulbs, and white line on
your specimen or on a dry hoof.

The hood (or claw) structure is more clini-
cally important in horses and so most of the
details are discussed in the horse.

The hoof wall carries most of the weight of
the animal. The white line is defined as the
junction between the wall and the sole.

The hoof of the lateral digit (digit IV) is
larger and carries more weight than the
medial (digit III) hoof. This situation is
reversed on the hind limb.
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Figure 5.23 Digits of left bovine forelimb: palmar view. (a) and (b) show the proximal and distal interdigital
ligaments. The proximal interdigital ligament connects the proximal parts of the proximal phalanges (P1) of
digits lll and IV in cattle and goats (absent in sheep). It is difficult to identify (no need to dissect it). Note that
the distal interdigital ligament forms a cross (X) in the distal part of the interdigital space. Each limb of the
cross courses between the distal part of the middle phalanx (P2) and the distal sesamoid (navicular bone) of
the opposite digit. In sheep, the distal interdigital ligament connects the two digits transversely.
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Figure 5.24 Ground surface of the bovine hoofs: palmar view. Left bovine forelimb.



Goal: You should be able to identify the
main arterial channels on the medial and
palmar sides of the limb (axillary, brachial,
and median arteries). You should be able to
use the correct nomenclature when describ-
ing the distribution and branching of the
median artery and median nerve on the
palmar surface, especially those nerves and
vessels that course into the interdigital area.
At the end of this unit watch video 13.

The nomenclature of blood vessels and
nerves in the distal limb needs to be under-
stood. It is important to master some termi-
nology such as dorsal versus palmar in the
front limb, and dorsal versus plantar in the
hind limb. In both limbs, you need to master
the terms axial versus abaxial and common
digital versus proper digital when describing
the arteries, veins, and nerves of the region.
Vessels and nerves lying superficially in the
metacarpal region are called dorsal common

Knowledge of blood vessels in the distal limbs of
ruminants is clinically important. Intravenous
regional local anesthesia (known as retrograde
anesthesia) is performed in cattle using veins in
the distal limbs. Unlike in horses, extensive nerve
blocks are not usually performed in ruminants
(Box 5.8). Distal limb veins are also used for to
inject antibiotics for treatment of hoof diseases.
Typically, a tourniquet is used to compress veins
so that the anesthetic or antibiotic will diffuse

out to cause a localized effect. Examples of veins
in the distal fore limb available for antibiotic
injections or retrograde anesthesia include the
dorsal common digital vein Il that feeds into the
accessory cephalic vein proximally.

The palmar common digital artery Ill repre-
sents a large source of blood coursing distally
in the interdigital space. Ligation of this artery
may be necessary when performing digital
amputation.

Palmar common
digital artery IV

Median
artery

Palmar common

Palmar common ___""
digital artery Il

Abaxial palmar proper

digital artery IV —’

Axial palmar proper
digital artery IV

Digit IV
Lateral

digital artery Il

Abaxial palmar proper
digital artery Ill

Axial palmar proper
digital artery Ill

Digit Ill
Medial

Schematic illustration for naming the branches of the median artery in the distal forelimb of
ruminants (goat and cattle): palmar view. Identify the branches in red. The remaining arteries (shown by

dotted lines) are minor in size and difficult to dissect.
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Overview of the arteries of the ruminant forelimb from proximal to distal. Identify the large
proximal arterial channels (axillary, subscapular, brachial, and median arteries) (Figure 5.27). The main
blood supply to the distal forelimb is derived from the median artery that passes distally through the
carpal canal in close association with median nerve. The palmar common digital artery Ill is the largest
of the distal branches of the median artery to the foot. The palmar common digital artery lll enters the
interdigital space between the dewclaws to provide the axial palmar proper digital arteries to digits Ill
and IV (Figure 5.28). The abaxial palmar proper digital arteries Il and IV are small and should be ignored.
Dorsal common (superficial) and dorsal and palmar metacarpal (deep) arteries are also minor vessels that
run on the dorsal and palmar sides of the large metacarpal bone. The deep metacarpal vessels run on the
dorsal and palmar longitudinal grooves and form connections (perforating branches) between the dorsal
and palmar metacarpal vessels through the proximal and distal metacarpal canals (review bones). Do not
look for the dorsal common or the metacarpal vessels. Identify arteries in red on an embalmed

cow forelimb.

digital when present on the dorsal surface,
and palmar common digital when located on
the palmar side of the metacarpal region.

Axial proper digital vessels and nerves run
in the interdigital space close to the axis of
the limb which runs between digits III and
IV. Abaxial vessels and nerves run on the lat-
eral sides of each digit away from the cen-
trally located axis.

From proximal to distal, the principal arteries
(main channels) of the forelimb are the axil-
lary, brachial, median, and palmar common
digital artery III (Figures 5.25, 5.26, and 5.27).
Identify the main arterial channels in the proxi-
mal limb but focus on mastering the blood sup-
ply to the digits (clinically more important).

Locate the median artery in the mid-
metacarpal region where it lies medial to the
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5 The Forelimb

Rhomboideus m.

Latissimus dorsi m

Teres major m.

Thoracodorsal a.

Deep brachial a.

Ulnar n.

Median n.

Median a.

Cephalic v.

Medial view

(b)

Figure 5.27 (a) Arteries of the brachium region. The figure shows the right bovine forelimb: medial view.
Identify the main channels (axillary, brachial, and subscapular arteries). 1 and 2, location of shoulder and elbow
joints, respectively. (b) Arteries of the antebrachium region. In the antebrachium, the brachial artery becomes
the median artery. Study the distal branches of the median artery to the claws (Figure 5.28). * Flexor carpi
radialis muscle transected in the middle and reflected to uncover the median artery and nerve.

SDF tendon. Follow the artery distally in
company with the median nerve. In the dis-
tal metacarpus, the median artery divides
into several branches, of which the palmar
common digital artery III is the largest
(Figures 5.25 and 5.28). The palmar common
digital artery III enters in the interdigital
space giving rise to the axial palmar proper

digital arteries III and IV to the medial and
lateral digits (Figure 5.28).

5.9 Veins of the Forelimb

Goal: Identify the clinically important
superficial veins (cephalic and accessory
cephalic) and their tributaries on the
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Axial palmar proper
digital a. Ill

Median a.

Palmar common

digital a. Ill

Axial palmar proper
digital a. IV

Palmar view

Figure 5.28 Distal branches of the median arteries and nerves to the foot. The figure shows the right bovine
forelimb: palmar view. Note that the palmar common digital Ill entering the interdigital space and courses
distally between the dewclaws to give axial branches (axial palmar proper digital arteries Ill and IV) to
digits Il and IV. There is no need to identify the small arteries to the abaxial sides of the digits.

dorsal and palmar sides of the metacarpal
and digital regions, especially the dorsal
common digital vein III that feeds proxi-
mally into the accessory cephalic vein.

Large satellite veins (axillary, brachial, and
median) follow the similarly named arteries.
Some of these veins may be present as dupli-
cate vessels (e.g., brachial and median veins).
There is no need to spend time identifying
deeply located satellite veins.

The superficial veins are more clinically
important. Identify the cephalic and acces-
sory cephalic veins. In the distal limb, the

dorsal common digital vein III feeds into
the accessory cephalic vein proximally.

The accessory cephalic vein joins the cephalic
in the distal antebrachium region. Identify the
median cubital vein that connects the cephalic
and brachial veins.

5.10 Lymphatics of the Thoracic
Limb

Goal: Identify the axillary lymph nodes,
and know what part of the limb they drain.

Box 5.8

Conditions involving the distal foot are more
commonly addressed in ruminants. The super-
ficial veins are used for regional limb perfusion
(retrograde anesthesia) of the distal limb.
Injection of anesthetic in distal superficial veins
in cattle is used as an alternative to the nerve
block widely used in horses. It is also used for
antibiotic injections for treatment of foot infec-
tions (foot rot).

A tourniquet is usually applied to either the
accessory cephalic vein or, most commonly, to
the dorsal common digital vein Ill. This pro-
cedure is preferable for systemic injections
because it produces maximum blood concen-
tration of the drug in the target tissue.

In surgical anesthesia, the nerve targets
include dorsal (from the radial nerve) and pal-
mar (from the median nerve) sensory nerves
of the foot.




The axillary lymph nodes are the major lym-
phocenter of the thoracic limb. Identify the
axillary lymph nodes at the medial aspect of
the limb close to the shoulder joint (axilla).
The axillary lymph nodes drain into the cau-
dal deep cervical lymph nodes at the ventral
end of the first rib. Next, lymph from the
caudal deep cervical lymph nodes enters the
major veins at the thoracic inlet.

Goal: Identify the major nerves of the bra-
chial plexus on the medial side of the shoul-
der and brachium regions. You should place
more emphasis on understanding the dis-
tribution of the nerves to the distal part of
the limb and digits. This includes the super-
ficial branch of radial nerve and the dorsal
branch of the ulnar nerve that course on
the dorsal surface of the large metacarpal
bone and digits, and the median nerve and
the palmar branch of the ulnar nerve that
course on the palmar surface of the large
metacarpal bone and digits. It is not neces-
sary to identify the dorsal and palmar
branches of the ulnar nerves in lab but
understand their roles. For the radial and
median nerves, you should focus on a rela-
tively large nerve branch from each cours-
ing on the dorsal and palmar metacarpal
regions and interdigital spaces, respectively.
These nerves are the dorsal common digital
nerve III from the radial nerve, and the pal-
mar common digital nerve III from the
median nerve.

The brachial plexus (C6-T2) provides motor
innervation to the intrinsic and extrinsic mus-

cles of the thoracic limb as well as sensory
innervation to the skin and joints (Figure 5.29).
Specific nerve blocks are not widely used in
cattle as is the case in equine practice. The
nerves in the proximal limb are similar to those
of other species (horse and dog). Ask your
instructor which nerves of the brachial plexus
in the proximal limb you need to identify.
Nerves that supply the extrinsic muscles
include cranial pectoral nerves (to superficial
pectoral muscles), caudal pectoral nerves
(deep or ascending pectoral muscle), thoraco-
dorsal nerve (latissimus dorsi), lateral thoracic
nerve (cutaneus trunci and cutaneus omobra-
chialis), and long thoracic nerve (serratus ven-
tralis thoracis). Do not look for these nerves
on your specimen as some of them may be
torn with removal of the extrinsic muscles.
With the help of Figure 5.29, identify the
following nerves of the brachial plexus that
innervate intrinsic muscles of the forelimb.

The suprascapular nerve innervates the
supra- and infraspinatus muscles. Look for
the nerve on the medial side of the limb. The
nerve passes laterally between the subscapu-
laris and supraspinatus muscles (Figure 5.29).

The suprascapular nerve can be demon-
strated on the lateral side of the shoulder joint
by carefully scraping the distal part of the
supraspinatus muscle from around the neck
of the scapula and distal part of the acro-
mion. Notice the branches to the supra- and
infraspinatus muscles.

The subscapular nerve innervates the subscap-
ularis muscle. Find the subscapular nerve

Suprascapular nerve damage is more common
in horses. The condition is known as “Sweeny".
Damage could be caused by physical trauma if a
horse hits a metal post (jumper horses) or is
kicked by other horses. Lack of an acromion in

the scapula of the horse is thought to contribute
toincreased susceptibility but no direct evidence
is present to support this claim.

Atrophy of the supra- and infraspinatus mus-
cles can occur in chronic cases of nerve damage.
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Subscapularis m.

Subscapular n.
Thoracodorsal n.
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Radial n.
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Figure 5.29 (a) Nerves of the brachial plexus (bovine). The figure shows the right shoulder and brachial
regions: medial view. (b) Nerves of the brachial plexus (goat). The figure shows the right shoulder and brachial

regions: medial view.

diving into the subscapularis muscle on the
medial side of the limb (Figures 5.29). More
than one nerve could be present. No clinical
significance is associated with damage to
this nerve.

5.11.3 Axillary Nerve

The axillary nerve innervates the deltoideus,
teres major, and teres minor muscles, and the

skin on craniolateral brachium (cranial cuta-
neous brachial nerve branch of the axillary)
and proximal antebrachium region (cranial
cutaneous antebrachial nerve branch of the
axillary). Look for the main stump of the
axillary nerve directly behind the shoulder
joint. Here, the nerve gives muscular branches
to the teres major muscle and caudal part of
the subscapularis muscle (Figures 5.29).



The axillary nerve passes laterally to supply
the deltoideus and teres minor muscles
where muscular breaches can be identified
under the deltoideus coursing with the cau-
dal circumflex humeral artery. There is no
need to trace these branches or the cutane-
ous branches of the axillary nerve.

The muscles innervated by the axillary nerve
can be memorized by the acronym “DTT”
which stands for deltoideus, teres major, and
teres minor muscles.

The musculocutaneous and median nerves
are fused in ruminants as is the case in the
horse. In goats, three nerves (musculocutane-
ous, median, and ulnar) may join in the proxi-
mal brachium region. Look for the combined
trunk of the musculocutaneous, median, and
ulnar nerves on the medial side of the proxi-
mal brachium region (Figure 5.29b).

At the medial shoulder region, note that
the median and musculocutaneous nerves
form a loop (ansa axillaris) around the axil-
lary artery. The ansa axillaris may not be
present on your specimen.

The musculocutaneous nerve remains
fused to the median nerve as it courses along
the cranial-medial aspect of the brachium
cranial to the brachial artery. It gives a proxi-
mal muscular branch to the coracobrachia-
lis and biceps brachii muscles close to the
shoulder region (Figure 5.29). Proximal to
the elbow, it gives a distal muscular branch
to the brachialis muscle. Beyond the distal
muscular branch, the musculocutaneous
separates from the median nerve and contin-
ues as the medial cutaneous antebrachial
nerve. There is no need to identify the medial
cutaneous antebrachial nerve.

The muscles innervated by the musculocu-
taneous nerve can be memorized by the acro-
nym “BBC” which stands for biceps brachii,
brachialis, and coracobrachialis muscles.

The radial nerve is largest nerve of the bra-
chial plexus. It innervates several muscles

including extensors of the elbow, carpus, and
digits. It also provides sensory branches to
the skin on the dorsum of the large metacar-
pal bone and to the structures on the dorsal
surface of the front digits. It has deep (mus-
cular) and superficial (sensory) branches.

Identify the radial nerve on medial, lateral,
and dorsal sides of the limb.

On the lateral side of the distal brachium and
deep to the lateral head of the triceps brachii,
the radial nerve divides into deep and superfi-
cial branches (Figures 5.30 and 5.31). The
deep branch supplies muscular branches to
the extensor muscles of the carpus and digits.

The superficial branch of the radial
nerve gives the dorsal common digital
nerves II and III that run on the dorsum of
the large metacarpal bone. Identify the dor-
sal common nerve III which is relatively
large and courses to the interdigital space to
give axial dorsal proper digital nerves III
and IV (Figures 5.30 and 5.32b).

The dorsal common digital nerves II and
IV are very small nerves that need not be dis-
sected. Understand that the dorsal common
digital nerves II courses to the abaxial side of
the medial digit (digit III) to form the abaxial
dorsal proper digital nerve III. On the other
hand, the dorsal common digital nerve IV
and the abaxial dorsal proper digital nerve
IV are the continuation of the dorsal branch
of the ulnar nerve (do not look for them).

5.11.5.1 Branching of the Radial

and Ulnar Nerves in the Distal Limb

Reflect the lateral head of the triceps and
identity the muscular branches to the triceps
and the deep branch to the extensors of the
carpus and digits and the superficial branch
of the radial nerve on the dorsal aspect of the
metacarpal region. The superficial branch of
the radial nerve courses distally with the
accessory cephalic vein. It gives dorsal com-
mon digital nerves Il and I1I of which the dor-
sal common digital nerve Il is largest. The
dorsal common digital nerve 1V is from the
dorsal branch of the ulnar nerve. With the
help of Figures 5.32, Identify the superficial
branch of the radial nerve, the dorsal
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G)rsal innervation of the distal forelimb: \

Ulnar n. Radial n. ——» Muscular branches (extensors of elbow)

L |

\ Deep branch (muscles of craniolateral antebrachium)

Dorsal branch Superficial branch - Lateral cutaneus antebrachial (skin-antebrachium)
Dorsal common digital n. IV Dorsal common digital n. lll  Dorsal common digital n. Il
l (interdigital space) l

Abaxial dorsal proper digital n. IV Axial dorsal proper digital nn. lll and IV Abaxial dorsal proper digital n. 1l

- )

Figure 5.30 Branches of the radial and ulnar nerves to the dorsal surface of the front digits. Identify the
branches of the radial nerve to the dorsal foot (Figure 5.32). In the brachial region, the ulnar nerve gives rise to
a cutaneous branch, the caudal cutaneous antebrachial nerve, before it gives muscular branches to the flexor
muscles of the carpus and digits (not depicted). The ulnar nerve contributes to the innervation of the dorsal
and palmar sides of the lateral digit (digit IV) by the dorsal and palmar branches, respectively. The palmar and
dorsal branches are depicted in Figure 5.35.

(long head)

Triceps brachii m. )

(lateral head) Radial n.
Brachialis m.

Deep branch of
radial n. Superficial branch of

radial n.

Extensor carpi
radialis m.

Ulnaris lateralis m. Common digital

extensor m.

Lateral digital
extensor m.

Cranial

Lateral view

Figure 5.31 Superficial and deep branches of the radial nerve, right caprine forelimb: lateral view. * The lateral
head of the triceps brachii muscle is transected at the middle and both ends are reflected to uncover the radial
nerve and its deep and superficial branches.
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Flexor carpi
radialis m.
(reflected cut and

down)

Median n.
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Figure 5.32 (a) The right bovine forelimb showing the course of the superficial branch of the radial nerve and
median nerve: dorsomedial view. Note that the superficial branch of the radial nerve coursing distally on the
dorsal surface of the large metacarpal bone. It gives the dorsal common digital nerves Il and Ill (not visible).
Identify the dorsal common digital nerve Il coursing to the interdigital space on Figure 5.33. (b) The right
bovine forelimb: dorsal view. The dorsal common digital nerve lll arises from the superficial branch of the
radial nerve proximally. The radial nerve passes distally to give the large dorsal common digital nerve lll and
a small dorsal common digital nerve Il to lateral digit (not shown). In the interdigital space, the dorsal common
digital nerve Il divides into axial dorsal proper digital nerves lll and IV. The dorsal common digital vein i
seen on the image feeds into accessory cephalic vein proximally.

common digital nerve III, and its dorsal located medial to the medial tendon of the
axial proper digital nerves Il and IV. The =~ common digital extensor muscle. Identify
superficial branch of the radial nerve is  nerves in bold font on Figure 5.30.
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5.11.6 Median and Ulnar Nerves

The median, ulnar, and musculocutaneous
nerves are fused on the proximal medial side
of the brachium in goats (Figure 5.29b).

The median and ulnar nerves share inner-
vation of several carpal and digital flexor
muscles in the proximal region of the ante-
brachium (Figure 5.33).

In the metacarpal region, the median nerve
divides into medial and lateral branches
(this pattern could be variable) (Figure 5.34).
The medial branch of the median nerve
gives rise to palmar common digital nerves
IIT and II that course to the medial digit as
axial palmar proper digital nerve III (in the
interdigital space) and abaxial palmar proper
digital nerve III, respectively (Figure 5.34).

The lateral branch of the median nerve
gives rise to the axial palmar proper digital
nerve IV that courses to the lateral digit (in
the interdigital space) (Figure 5.34). It also
communicates with palmar branch of the
ulnar nerve to give rise to the abaxial palmar

Bicepsbrachii m. k .

Median n.

Extensor carpi
radialis m.

Flexor carpi
radialis m. (cut
and reflected

down)

digital nerve IV to the abaxial side of the lat-
eral digit (digit IV).

Identify the palmar common digital
nerves, especially the palmar common dig-
ital nerve III and its axial palmar proper
digital nerves III and IV branches in the
interdigital space (Figure 5.34).

There is no need to dissect the palmar and
dorsal branches of the ulnar nerve.

Note that the nomenclature for the
branches of the median nerve and median
artery to the digits are identical and all you
need to do is replace the word artery with
word nerve and vice versa (compare Figure
5.35 with Figure 5.28).

5.12 Joints of the Forelimbs

Goal: Know the bones that make each
joint articulation, starting proximally
from the shoulder joint working your way
down to the digital joints.

Ulnar n.

Flexor carpi
ulnaris m.

Median a./n.

Medial view

Figure 5.33 The right caprine forelimb showing the courses of the median and ulnar nerves in the distal
brachium and antebrachium regions: medial view. The course of the median nerve and artery in the
antebrachium region lies under (deep) to the flexor carpi radialis muscle (cut and reflected). In the
antebrachium, the ulnar nerve courses distally between the flexor carpi ulnaris muscle medially, and ulnaris
lateral muscle laterally. Both muscles attach to the accessory carpal bone.



Palmar innervation of the distal forelimb

Ulnar n. —> Muscular branches Median n.

(flexors of carpus and digits) |

Dorsal branch Palmar branch <  Lateral branch Medial branch

= l l

Deep branch (superficial branch) l l

Dorsal common Palmar common digital n. IV Palmar common digital n. IlI
digital n. IV N

(interdigital space)

|

Abaxial palmar proper digital n. IV Axial palmar proper digital n. lll and IV Abaxial palmar proper
digital n. 1l

— > Muscular branches
(flexors of carpus and digits)

Palmar common digital n. Il

The bovine right forelimb: palmar view. Distribution of the median and ulnar nerves and the
median artery in the distal foot. The branches of the median nerve and artery have the same nomenclature.
Note that the median nerve divides into medial and lateral branches that course distally to innervate the
digits. The medial branch gives the axial palmar proper digital nerve lll and abaxial palmar proper digital nerve
Il (continuation of palmar common digital nerve ll) to the medial digit. The lateral branch of the median nerve
gives the axial palmar proper digital nerve IV to the lateral digit. The abaxial palmar proper digital nerve IV to
the lateral digit is the continuation of the palmar common digital nerve IV formed by the union of branches
from the lateral branch of the median nerve and the palmar branch of the ulnar nerve. Generally, the branches
of the median nerves above the fetlock are called palmar common digital nerves Il, lll, and IV. Understand that

the branching pattern can vary between specimens.

Although nerve block is not widely practiced
in cattle, it can be used in conditions affect-
ing the distal limb. For complete anesthesia
of the foot three nerves should be blocked:
the radial nerve (on the dorsal aspect of the
limb, medial to the medial tendon of the
common digital extensor muscle); branches

of median nerve (on the palmar aspect of the
limb, proximal to the dewclaws); and the
ulnar nerve (to the lateral digit [digit IV] on
both dorsal and palmar aspects). The ulnar
nerve can also be blocked in the groove
between the flexor carpi ulnaris and ulnaris
lateralis muscles.

Study the forelimb joint articulations on cow
or goat skeleton. From proximal to distal, the
forelimb joints include the shoulder, elbow,
carpal, metacarpophalangeal (fetlock), prox-
imal interphalangeal (pastern), and distal
interphalangeal (coffin) joints.

Joint injections are practiced widely in
horses but less so in cattle. There follows a

brief overview of the joints of the forelimb.
Review the bones for each joint.

The shoulder joint is formed by articulation of
glenoid cavity of the scapula with the head of
the humerus (Figure 5.1). The tendons of the
supraspinatus, infraspinatus, subscapularis,
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Median a./n.
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Palmar branch of
ulnar n.
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proper
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(from lateral
branch of the
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Palmar view

Figure 5.35 Overview of the nerves on the palmar distal forelimb of ruminants. Identify the nerves in blue
font. The median nerve gives muscular branches to the flexors of the carpus and digits in the proximal
antebrachium. Distally, it passes through the carpal canal in the company of the median artery. In the mid
metacarpal region, the median nerve gives medial and lateral branches (variations may occur). The medial
and lateral branches of the median nerve and the palmar branch of the ulnar nerve divide variably into palmar
common digital nerves I, 11, and IV. Typically, the medial branch of the median nerve gives the axial
palmar proper digital nerve lll and abaxial palmar proper digital nerve lll to the medial digit. The lateral
branch of the median nerve gives axial palmar proper digital nerve IV to the lateral digit. The abaxial palmar
proper digital nerve IV to the lateral digit is formed by branches from the lateral branch of the median nerve
and branches from the palmar branch of the ulnar nerve. Identify the median nerve, palmar common digital
nerve lll, and axial palmar proper digital nerves lll and IV from the medial and lateral branches of the median

nerve (Figure 5.34).

and coracobrachialis muscles stabilize the
shoulder joint by acting as collateral ligaments.

The shoulder joint capsule can be injected
cranial to the tendon of infraspinatus muscle.

5.12.2 Elbow Joint

The elbow joint is formed by articulation of
several bones including the humeral condyle,
proximally, the trochlear notch of the ulna
and radial head, distally (Figure 5.1).

The joint is stabilized mainly by medial and
lateral collateral ligaments of the elbow. The
medial and lateral collateral ligaments origi-
nate from the medial and lateral epicondyles of
the humerus and insert on the proximal medial
and lateral borders of the radius, respectively.

5.12.3 Carpal Joints

Three joint capsules form the carpal joints
(Figure 5.5a): radiocarpal or antebrachiocar-
pal joint (between the distal radius and the
proximal row of carpal bones); midcarpal
joint (between the proximal and distal rows
of carpal bones); and carpometacarpal joint
(between the distal row of carpal bones and
fused metacarpals III and IV).

The radiocarpal and midcarpal joints do
not communicate and require separate injec-
tions but the midcarpal and carpometacarpal
communicate with each other.

Injections of carpal joints are best carried
out on a standing animal with the carpal
joints flexed.



5.12.4 Digital Joints

The digital joints include duplicate metacar-
pophalangeal (MCPfetlock), proximal inter-
phalangeal  (PIPpastern), and  distal
interphalangeal (DIPcoffin) joints (Figure
5.36a). Each of these joints is stabilized by
medial and lateral collateral ligaments.

The metacarpophalangeal joints for digits
III and IV communicate with each other but

Metacarpophalangeal ‘: \ v

(fetlock) joint

Proximal phalanx (P1)

Proximal
interphalangeal
(pastern) joint

Middle phalanx (P2)
Distal interphalangeal
(coffin) joint

Distal phalanx (P3)

Proximal
interdigital
ligament

Interdigital
fat pad

5 The Forelimb

the rest of the interphalangeal joints remain
as separate joint capsules.

An interdigital fat pad is present
between the medial and lateral digits
(Figure 5.36b). The interdigital fat pad can
become infected in conditions involving the
interdigital space such as foot rot or inter-
digital hyperplasia.

Deep digital
flexor (DDF)
tendon

Superficial digital

flexor (SDF)
tendon

Distal sesamoid
(navicular) bone

Dewclaw
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(b)

Figure 5.36 (a) Sagittal section of the bovine forelimb digits showing the digital joints and flexor tendons.
(b) Sagittal section of the bovine forelimb digits showing the interdigital fat pad.
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The Hind Limb

Learning Objectives

o Identify the major bones of the hind limb, sheath of the superficial and deep digital
paying special attention to palpable features. flexor muscles.
o Identify the major muscles, tendons, bursae

o Identify and know the functions of the major
(trochanteric and bicipital bursa), and tendon

nerves of the hind limb including the

Guide to Ruminant Anatomy: Dissection and Clinical Aspects, First Edition. Mahmoud Mansour, Ray Wilhite, and Joe Rowe
© 2018 John Wiley & Sons, Inc. Published 2018 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/mansour/dissection



femoral nerve, obturator nerve, and sciatic
nerve and its major branches, tibial and
common fibular (peroneal) nerves.

Describe the clinical picture associated with
damage to the common fibular, tibial, and
obturator nerves.

Know the nomenclature for the terminal
branches of the common peroneal and tibial
nerves on the dorsal and plantar sides of the
hind limb, respectively.

Identify the major blood supply to the foot.
The dorsal metatarsal artery Il carries blood
to the dorsal aspect of the foot, and the
plantar common digital artery Ill off the

Goal: Study the bones of the ruminant hind
limb and their palpable features. Compare
and contrast with the hind limb bones of
the horse.

Study the hind limb bones using a caprine or
bovine skeleton (Figure 6.1). From proximal
to distal, the bones of the hind limb include
the os coxae (hip region), femur (thigh
region), tibia and fibula (crus), tarsal bones
(hock or tarsal region), fused III and IV met-
atarsals (cannon or large metatarsal bone)
forming the (metatarsal region), and digits
(each weight-bearing digit is supported by
three phalanges: proximal, middle, and
distal).

The term pes is used for the bones of the
hock, metatarsals, and digits.

The bones of the metatarsal and digital
regions are similar in shape to those of the
front foot.

Using Figure 6.2, take time to quickly review
the bones of the os coxae and compare them
with the hip bone in the horse. The bones of
the os coxae are discussed in more detail in
Chapter 4.

saphenous artery to the plantar aspect of
the foot. Know the terminology for the ter-
minal digital arteries.

Identify and recognize the clinical impor-
tance of the superficial veins, especially
the branches of the lateral saphenous vein.
Superficial veins on the distal limb are
used in retrograde anesthesia and for
injection of antibiotics for treatment of
foot infections.

Know some of the diseases associated with
damage to the hoof and its contents and
structures involved (similar to those of the
forelimb).

Compare the femur in ruminants with that
of the horse and note some of the major dif-
ferences. The femur is the bone of the thigh
region. The head of the femur articulates
with the acetabulum (socket) to form the hip
joint. Distally, the femoral condyles articu-
late with the tibial condyles to form the stifle
joint.

Note the slanted or oblique orientation of
the femur on the skeleton. This helps you
build a mental picture of its location in the
live animal.

With the help of Figure 6.3, identify the fea-
tures of the femur. Proximally, identify the
round head of the femur. The head has a small
non-articular depression in the middle called
the fovea capitis femoris. The ligament of
the head of the femur originates here and
extends from the fovea capitis to the acetabu-
lar fossa, the deep depression within the ace-
tabular cavity.

The greater trochanter (or major tro-
chanter) and lesser trochanter (also called
minor trochanter) are the bony eminences
on the proximal lateral and medial parts of
the femur, respectively.

The greater trochanter in the horse is
divided into cranial (low) and caudal (high)
parts but not in ruminants.
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bone (distal end
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Figure 6.1 (a) Articulated bones of the left bovine pelvic limb: medial and lateral views. (b) Bones of the
bovine hind limb. Articulation of the femur with the hip bone (os coxae). Mt, metatarsal bone.

A large third trochanter is present on the Identify the trochanteric fossa bounded
lateral proximal surface of the horse femur  laterally and caudally by the intertrochan-
but this feature is absent in ruminants. teric crest (Figure 6.3).
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Figure 6.2 The bovine os coxae (hip bone): lateral view. 1, Greater ischiatic notch; 2, lesser ischiatic notch.
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Cranial

Intercondylar fossa

Extensor fossa

Figure 6.3 The bovine femur: cranial (left) and caudal (right) views.

On the distal extremity of the femur, identify
the medial and lateral femoral condyles and
the depression between them called the inter-
condylar fossa (Figure 6.3). The rough sur-
faces on lateral sides of the femoral condyles
are the medial and lateral epicondyles.

The trochlea of the femur is the gliding
surface where the patella articulates with
the femur. It is situated cranial and proxi-
mal to the femoral condyles. The depressed
area between the lateral and medial troch-
lear ridges is a sliding surface for the
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Extensor groove
of the tibia Fibula
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of the
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Intercondylar eminence

Lateral malleolus

of tibia

Figure 6.4 The bovine tibia: lateral (left) and proximal (right) views.

patella. The medial ridge is generally more
prominent and thicker than the lateral
trochlear ridge.

The patella is a large diamond-shaped sesa-
moid bone intercalated in the tendon of inser-
tion of the quadriceps muscle. The patella has
a proximal base and distal apex.

Note the large depression on the caudola-
teral aspect of the distal part of the femur
above the lateral condyle. This is the supra-
condylar fossa. The superficial digital flexor
(SDF) muscle originates from the supracon-
dylar fossa.

Note the small depression between the lat-
eral trochlear ridge and lateral epicondyle of
the femur. This is the extensor fossa. Later
you will see that the combined tendon of the
long digital extensor and fibular (peroneus)
tertius muscles originates from the extensor
fossa.

6.1.3 Bones of the Leg (Crus)

The crus (leg) is formed by the tibia and fib-
ula but the tibia is the only weight-bearing
bone of the crus (Figure 6.4). The fibula is
vastly reduced except for small proximal and
distal parts. The proximal part is fused with
the lateral tibial condyle. The distal part is a

separate bone located on the most distal lat-
eral surface of the tibia, forming what is
known as the lateral malleolus (Figure 6.4).
The lateral malleolus remains a separate
bone and should be differentiated from frac-
ture in X-ray images of the ruminant tarsus.

Note the angulation of the tibia and how it
relates to the standing animal (Figure 6.1).
Identify the medial and large condyles on
the proximal aspect of the tibia. The medial
and lateral tibial condyles articulate with cor-
responding femoral condyles to form the sti-
fle joint.

On the proximal articular surface of the
tibia, observe the intercondylar eminence
separating the medial and lateral tibial con-
dyles. The areas cranial and caudal to the
intercondylar eminence are attachment sites
for the cranial and caudal cruciate ligaments,
respectively. The cruciate ligaments are more
clinically relevant in small animals and are
not shown here.

The proximocranial eminence on the tibia
is the tibial tuberosity. Several thigh mus-
cles, including the quadriceps femoris, biceps
femoris, and sartorius, attach on the tibial
tuberosity.

Identify the extensor groove, the vertical
notch between the lateral tibial condyle and
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tibial tuberosity. The combined tendon of the
long digital extensor and fibularis (peroneus)
tertius muscles passes from the extensor fossa
of the femur through the extensor groove of
the tibia.

Identify the distal depression of the tibia,
called the cochlea. The cochlea articulates
with the proximal trochlea of the talus to
form the tibiotarsal (or tarsocrural) joint.
The bony prominence on the distal medial
aspect of the tibia is the medial malleolus.
On the lateral distal part of the tibia, recall
the presence of the lateral malleolus as the
remnant of the fibula in the distal crus.

6.1.4 Tarsal Bones

The tarsus (hock) in ruminants is formed by
five tarsal bones organized in three tiers (rows).

With the help of Figure 6.5, study the bones
of the hock and compare them with those of
the horse.

The proximal row or tier has two bones:
the calcaneus (C) and talus (T). The middle
row contains one bone that represents the
combined central and fourth tarsal bones
(C+4, called the centroquartal bone). The

Tuber calcanei

distal row consists of two bones, fused
second (T2) and third (T3) tarsal bones, and
singular first (T1) tarsal bone (Figure 6.5).

The proximal enlargement of the calcaneus
is the tuber calcaneus. The tuber calcaneus
forms the point of the hock that serves as
attachment point of the common calcanean
(Achilles) tendon. By this arrangement, the
calcaneus acts as a short lever arm facilitating
extension of the tibiotarsal joint. The com-
mon calcanean tendon comprises several
tendons which include the gastrocnemius
and superficial digital flexor muscles (the
largest and most significant contributors).

Identify the sustentaculum tali on the
medial surface of the calcaneus. This projec-
tion serves as sliding surface for the deep
digital flexor (DDF) muscle tendon as it
passes distally past the tarsus.

Identify the talus bone lying medial to the cal-
caneus on the proximal row. The talus in rumi-
nants has a proximal and distal trochlea and is
more slender in shape than that of the horse.

The talus bone in the horse has only one
trochlea located proximally. The distal part is
flat and articulates with a similarly flat central
tarsal bone. The proximal trochlea of the

Sustentaculum tali

Calcaneus

Proximal and
Distal trochlea

f the tal
orthe talus Talus

)

Talus

Centroquartal
bone

Figure 6.5 Bovine tarsus (hock): dorsal (left) and plantar (right) views. The centroquartal bone (C+4) is formed
by fusion of central and fourth tarsal bones. Note the presence of proximal and distal trochleae in the talus.
The small first tarsal bone is located on the plantar aspect of the distal row.



talus in ruminants is more slanted than that
of the horse.

The distal trochlea of the talus in rumi-
nants articulates the centroquartal bone
(fused central and fourth tarsal bone). Its
presence in ruminants is described as a char-
acteristic for the order Artiodactyla. The
proximal and distal trochleae of the rumi-
nant talus allow for greater movements at
both the tarsocrural and proximal inter-
tarsal joints.

A tarsal canal is formed between three sets
of fused tarsal bones that include fused
T2+T3 tarsal bones, fused C+ 4 tarsal bones
(centroquartal bone), and fused III and IV
metatarsal bones. The perforating tarsal
artery courses through this canal from the
dorsal to the plantar aspect of the hock.
A similar canal is present in the horse between
the central, third, and fourth tarsal bones.

Identify the tarsal canal on articulated
bovine hock.

Proximal
metatarsal
canal

Metatarsal Ill

Dorsal longitudinal
groove

Distal metatarsal
canal

Head
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6.1.5 Fused Metatarsals lll and IV (Large
Metatarsal Bone)

The large metatarsal bone (Figure 6.6) is
formed by fusion of the third and fourth met-
atarsal bones (Mt III and Mt IV). This bone
is similar in shape to the large metacarpal
bone in the forelimb except that it is slightly
longer and slimmer.

The large metatarsal bone has a proximal
base (articulates with the distal row of tarsal
bones) and distal heads (capita) that are sep-
arated by the intercapital notch (Figure 6.6).
The left and right heads articulate with the
proximal phalanx of the corresponding digits
(digits III or IV).

Identify the axial dorsal and plantar lon-
gitudinal grooves on the large metatarsal
bone. The dorsal longitudinal groove on the
dorsal surface is more distinct than the plan-
tar longitudinal groove on the plantar
surface. Note the presence of proximal and

Base

Metatarsal
v

Intercapital
notch

Figure 6.6 Bovine large metatarsal bone (fused third [Ill] and fourth [IV] metatarsal bones): dorsal view. The
dorsal metatarsal artery Ill courses in the dorsal longitudinal groove. Proximal and distal perforating arteries
course through the proximal and distal metatarsal canals from the dorsal surface to the plantar surface of the
large metatarsal bone. The proximal and distal perforating branches originate from the dorsal pedal and dorsal
metatarsal artery ll, respectively. The bone has proximal base and distal head regions.
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distal metatarsal canals that allow for blood
vessels to course between the dorsal and
plantar sides of the limb (Figure 6.6).

In contrast to the horse, Mt I and Mt II
(splint bones) are absent in ruminants.
However, a small metatarsal sesamoid is
located at the proximal medioplantar aspect
of Mt III (see discussion of the metatarsal
sesamoid bone later).

Recall that the term “pes” includes the tar-
sal, metatarsal, and digital bones. The corre-
sponding term in the forelimb is the “manus”
which includes the carpal, metacarpal, and
digital bones.

Identify the metatarsal sesamoid bone on
the plantar proximal aspect of the third met-
atarsal bone (Mt III). The metatarsal sesa-
moid was once thought of as the metatarsal I
bone (medial splint) found in the horse. The
bone should not be mistaken for a fracture in
X-ray films of ruminant tarsus.

The digits are similar to those of the front
foot. The non-weight-bearing rudimentary
digits II (medial) and V (lateral) are referred
to as dewclaws. In ruminants, they may con-
tain small bones that do not articulate with
the other bones of the skeleton. Digits III
(medial) and IV (lateral) are the weight-bear-
ing digits. Each is formed by proximal (P1),
middle (P2), and distal (P3) phalanges simi-
lar to those in the forelimb (review Figure 5.7).

Pairs of proximal sesamoids and a singular
distal sesamoid bone are present on each digit.

Goal: Identify the major pelvic limb mus-
cles. Have a broad understanding of their
origin and insertion, especially the mus-
cles and tendons on the distal part of the
hind limb. Understand muscle actions on
the joints of the pelvic limb. This is a key
goal and learning objective.

Detailed descriptions of pelvic limb muscles
(i.e., knowing the precise origin and insertion

points) are unnecessary because they are of
little clinical interest in ruminants. However,
we will attempt to follow a systemic approach
that would be of value for students who are
studying pelvic limb muscles for the first time.

The sublumbar muscles (psoas minor,
iliopsoas [psoas major plus iliacus], and quad-
ratus lumborum) are located medially on the
ventral surface of the lumbar vertebrae and
may not be available for study if the pelvic
limb is disarticulated from the hip joint. The
sublumbar muscles possess little movement.
They form the tender part of the T-bone
steak cuts. Ask your instructor if these mus-
cles should be identified. There follows a brief
description of their locations and actions.

The psoas minor is the most medial of the
sublumbar muscles. It has a long distinct ten-
don. In ruminants, it arises from T12-L5
vertebrae and inserts on the psoas minor
tubercle on the ilium. In the horse, the psoas
minor arises from T16-L5 vertebrae.

The iliopsoas muscle is formed by combi-
nation of the psoas major and iliacus muscles.
As amajor flexor of the hip joint, it is discussed
with the muscles acting on the hip joint.

The quadratus lumborum muscle has no
action on the hip.

The sublumbar muscles can easily be iden-
tified on a mid-sagittal section of the caudal
lumbar region, hip, and medial proximal part
of the pelvic limb.

From medial to lateral, the psoas minor,
psoas major, and quadratus lumborum run
parallel to each other.

Muscles in this group include flexors of the
hip joint (iliopsoas and sartorius muscles) and
extensors of the hip joint (gluteal and ham-
string muscles). The lateral muscles of the hip
and thigh are known as “rump” muscles.

You can skin the entire limb or carry out your
dissection in regions. With the help of Figure
6.7a, b, make similar skin incisions and remove
the skin from the hip, thigh, and proximal leg.
You may opt to keep the skin on your cadaver
by reflecting it sideways or dorsally so you can
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Figure 6.7 (a) Hip (gluteal) and thigh (hamstring) muscles of a goat (left pelvic limb): left lateral view. The
lateral muscles of the hip and thigh are commonly known as “rump muscles.” (b) Gluteal and hamstring
muscles of a goat (left pelvic limb): left caudolateral view. (c) Hip and thigh muscles of a goat: left lateral view.
Dissection of the accessory gluteal muscle by transection and reflection of the middle gluteal muscle. The
gluteobiceps femoris and tensor fasciae latae muscles are removed. * Deep gluteal muscle. (d) Hip and
proximal thigh of a goat: close-up left lateral view. Dissection of the deep gluteal muscle by transection and
reflection of the middle and accessory gluteal muscles caudally. The gluteobiceps femoris and tensor fasciae
latae muscles are removed. * Coccygeus muscle.
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Figure 6.7 (Continued)



use it to cover your specimen. Clean the fascia
overlying the gluteal and thigh regions. Do not
transect the fascia lata (insertion of the tensor
fasciae latae muscle). The gluteal fascia (super-
ficial, middle, and deep layers) covers the mus-
cles in the hip and thigh regions. Cranially, it is
continuous with the thoracolumbar fascia.
Note the distinct fascial separation (intermus-
cular septa) of the hip and thigh muscles.

The prime flexor of the hip joint is the ili-
opsoas muscle (Figure 6.7¢), a sublumbar
muscle that has attachment to the ventral
surface of the lumbar vertebral bodies and
the ventral body of the ilium.

The iliopsoas has two parts: the psoas major
and iliacus muscles. Identify the psoas major
and iliacus on the medial aspect of the pelvis.
The psoas major courses from the sublumbar
region and proximal ends of the last few ribs to
the lesser trochanter. It joins the iliacus at an
area ventral to the sacrum. The iliacus is
shorter and arises from L6 vertebra, ventral
sacrum, and sacroiliac surface of the ilium.

Other flexors of the hip joint include the
sartorius, tensor fasciae latae, and rectus
femoris muscles. Identify these muscles on
an isolated bovine or goat limb.

The major extensors of the hip joint are the
lateral muscles of the hip and thigh including

Middle gluteal m.

Tensor
fasciae
latae m.

Fascia lata
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the gluteal and hamstring muscles (rump
muscles) (Figures 6.7a, b and 6.8).

6.2.1.1 Gluteal Muscles

This group of hip muscles includes the superfi-
cial, middle, and deep gluteal muscles (Figure
6.7). The tensor fasciae latae (Figures 6.7a and
6.8) can be included with the gluteal group
because of its position and common innerva-
tion although it has a flexor action on the hip
while the gluteal muscles extend the hip.

On the lateral surface of the thigh, and
with the help of Figures 6.7(a) and 6.8, iden-
tify the tensor fasciae latae and middle glu-
teal muscles.

Understand that the gluteal fascia sends
connective tissue septa that separate adjacent
muscles. Clinically, these septa could hinder
drainage of inflammatory exudate in an
inflammatory process in the lateral hip region.

Keep in mind that the superficial gluteal
muscle in ruminants fuses with the biceps fem-
oris muscle to form the gluteobiceps muscle.

6.2.1.1.1 Tensor Fasciae Latae Muscle and
Fascia Lata

The tensor fasciae latae is triangular in shape.
It is located laterally distal to the middle glu-
teal muscle and wraps around the proximal

Semimembranosus m.

Semitendinosus m.

Figure 6.8 Bovine hip and thigh muscles: left lateral view. The broad gluteobiceps muscle is formed by fusion

of the biceps femoris and superficial gluteal muscles.
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cranial thigh region (Figures 6.7a and 6.8). It
inserts on the patella and cranial tibia by a
broad connective tissue sheet, called the lat-
eral femoral fascia or fascia lata (Figure 6.7a).

Origin: Tuber coxae and neighboring parts
of the ventral surface of the ilium.

Insertion: Patella and cranial surface of
the tibia by the way of fascia lata and lateral
femoral fascia.

Action: Flexes the hip and tenses the lat-
eral femoral fascia. Acts with the quadriceps
femoris muscle in extending the stifle. By
itself it is considered a weak extensor of the
stifle joint.

6.2.1.1.2 Middle Gluteal Muscle

The middle gluteal muscle lies on the proxi-
mal lateral hip region (gluteal surface of the
ilium) between the tensor fasciae latae and
superficial gluteal muscles (Figures 6.7a, b
and 6.8). It extends the hip joint.

Origin: Tuber coxae, wing of the ilium, and
lateral surface of the sacrosciatic ligament.

Insertion: Greater trochanter.

Action: Extends the hip and abducts the limb.

Transect the middle gluteal muscle from
the tuber coxae (hook) and wing of the ilium
and reflect it caudally (Figure 6.7c, d). This
should uncover the accessory gluteal mus-
cle located on the cranioventral border of the
middle gluteal muscle (Figure 6.7¢).

The deep caudal portion of the middle glu-
teal muscle in dogs, the piriformis muscle,
is thought by some to be analogous to the
accessory gluteal muscle in large animals.
However, this comparison raises some ques-
tions that are not answered.

The insertion of the accessory gluteal on
the lateral distal part of the greater trochanter
is cushioned by a subtendinous bursa called
the trochanteric bursa. Trochanteric bursitis
(inflammation) is more important in horses
and can cause lameness in racehorses.

The trochanteric bursa can be demon-
strated by transection of the middle and
accessory gluteal muscles and reflection of
the accessory gluteal muscle to its insertion
on the distal part of the greater trochanter
(Figure 6.7d).

Trochanteric bursitis is a condition involving
inflammation of the trochanteric bursa. It
occurs most commonly in racehorses.

6.2.1.1.3 Deep Gluteal Muscle
The deep gluteal muscle lies deep to the mid-
dle gluteal muscle and ventral to the course
of the large sciatic nerve on the lateral sur-
face of the sacrosciatic ligament. It has a fan-
shaped appearance and is covered by a
glistening aponeurosis (Figure 6.7d). Study
its origin and insertion on the skeleton.
Origin: Tuber coxae, ischiatic spine, lateral
and ventral surface of the body of the ilium.
Insertion: Greater trochanter.
Action: Extends the hip joint and abducts
the limb.

6.2.1.2 Hamstring Muscles

The hamstring muscles include the biceps
femoris, semitendinosus and semimem-
branosus muscles (Figures 6.7b and 6.8). In
ruminants, the superficial gluteal muscle
fuses with the biceps femoris to form the
gluteobiceps muscle.

The development of the hamstring muscles
contributes to the shape of the pelvis (croup
region). Cattle have an angular (depressed) pel-
vis because the hamstring muscles in rumi-
nants have only pelvic heads (the part of the
muscles that originate from the ischiatic tuber-
osity and run distally) but have no proximal
vertebral heads covering the hip bone (i.e., no
part originating from caudal vertebrae). In con-
trast, the hamstring muscles in the horse have
both vertebral and pelvic heads. Athletic horses
for example have well-developed proximal ver-
tebral heads of the hamstring muscles. This
conceals most of the bony landmarks of the
pelvis. In ruminants, the bony features of the
pelvis are more easily palpable than in horses.

6.2.1.2.1 Gluteobiceps Muscle

Identify the broad gluteobiceps muscle on
the lateral thigh caudal to the tensor fasciae
latae muscle (Figures 6.7a, b and 6.8). Study



the origin and insertion of the gluteobiceps
muscle on the skeleton. Note that ruminants
have no separate superficial gluteal muscle.
The equivalent muscle fuses with the biceps
femoris muscle to form the gluteobiceps
muscle (Figures 6.7a and 6.8).

Origin: Ischiatic tuberosity, gluteal fascia,
and the intermuscular septum separating it
from the semitendinosus muscle caudally.

Insertion: Three sites: the lateral patellar
ligament, cranial tibia, and common calca-
nean tendon.

Action: Has multiple complex actions. In
addition to extending the hip joint, this mus-
cle can also extend or flex the stifle joint
depending if the limb is fixed (bearing
weight) or free. It also acts to extend the hock
joint.

6.2.1.2.2 Semitendinosus Muscle

The semitendinosus muscle lies between the
gluteobiceps muscle cranially, and semimem-
branosus muscle caudally (Figures 6.7b and
6.8). Its major action is to extend the hip.

Ligament of the
head of the femur

Adductor m.

Semimembranosus m.
Pectineus m.

Gracilis m.

6 The Hind Limb

Additionally, it has flexor and extensor actions
on the stifle and the hock joints, respectively.
In ruminants, the semitendinosus has a pelvic
head but the vertebral head is absent.

In horses, the semitendinosus muscle has
vertebral and pelvic heads that arise from
caudal vertebrae and the ischiatic tuberosity,
respectively.

Origin: Ischiatic tuberosity (pelvic head).

Insertion: Medial proximal tibia, and on
the tuber calcaneus via the common calca-
nean tendon.

Action: Extends the hip, flexes the stifle,
and extends the hock.

6.2.1.2.3 Semimembranosus Muscle
The semimembranosus muscle lies between
the semitendinosus cranially, and adductor
muscle on the medial aspect of the thigh
(Figures 6.7b and 6.8). On the medial thigh, it
is covered by the gracilis muscle (Figure 6.9).
The semimembranosus muscle is shorter
than the semitendinosus and its prime action
is to extend the hip.

Femoral
head

Rectus femoris m.

Sartorius m.

Vastus medialis m.

Cranial

—_—

Figure 6.9 The left bovine hind limb showing adductor medial thigh muscles: medial view. The vastus
medialis muscle is part of the quadriceps muscle and not the adductors. The limb is dislocated from the

hip joint.
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Transect the gracilis muscle on the medial
aspect of the thigh to visualize the full extent
of the muscle belly and its insertion on the dis-
tal medial aspect of the femur.

Origin: Ischiatic tuberosity (pelvic head).

Insertion: Medial epicondyle of the femur,
caudal to the medial collateral ligament of
the stifle joint.

Action: Extends the hip joint.

6.2.1.3 Medial Adductor Thigh Muscles

The major adductors of the hind limb can be
memorized by the acronym “PAGE” which
stands for pectineus, adductor, gracilis, and
external obturator muscles. The sartorius
muscle is discussed with the medial thigh
adductor group but is not a major adductor
and has other actions.

6.2.1.3.1 Sartorius Muscle

The sartorius muscle is a long, relatively flat
muscle in the craniomedial thigh region
(Figure 6.9). It has cranial and caudal heads
that are separate at their origin but are fused
distally. Only at its origin does it appear to
have two heads.

Gracilis m.

Saphenous
n. and a., and
medial saphenous v.

The sartorius muscle flexes the hip and
helps to adduct the limb.

In the dog, the sartorius muscle, much like
in ruminants, is divided into cranial and cau-
dal parts, but remains undivided in the horse.

Origin: Psoas minor tendon and iliac fas-
cia (cranial head), and body of the ilium
(caudal head).

Insertion: Medial patellar ligament, and
fascia on the medial aspect of the stifle joint.

Action: Adducts the limb and flexes the
hip joint.

6.2.1.3.2 Gracilis Muscle
The gracilis muscle is the most superficial
muscle of the PAGE muscles on the medial
thigh. It is a broad flat muscle that arises
from the symphysial tendon (Figure 6.10).
The symphysial tendon is a condensation of
connective tissue on the ventral surface of the
pelvic floor (pelvic symphysis). It is a caudal
extension of the prepubic tendon, the primary
insertion tendon for the rectus abdominis
muscle. The symphysial tendon serves as the
origin for the adductor muscles, and contrib-
utes to suspension of the udder in the female.

Sartorius m.

Figure 6.10 Bovine superficial medial thigh muscles. Note that the saphenous artery and saphenous nerve
obliquely cross the distal part of the gracilis muscle. The medial saphenous vein (caudal branch), which
accompanies the saphenous artery and nerve, is not visible (not injected).



Make a note of the vessels (saphenous
artery, saphenous nerve, and medial saphen-
ous vein) obliquely crossing the superficial
surface of the gracilis muscle (Figure 6.10) and
note the clinical significance of the saphenous
artery (Box 6.2).

Origin: Pelvis symphysis (symphysial ten-
don) and prepubic tendon.

Insertion: Medial patellar ligament, medial
and cranial proximal border of the tibia.

Note that the tendons of the sartorius and
gracilis muscles converge together distally
near the medial surface of the stifle.

Action: Adducts the limb (main action).

6.2.1.3.3 Pectineus Muscle
The pectineus is a thin muscle of the PAGE
group which lies between the sartorius mus-
cle cranially, and the gracilis and adductor
muscles caudally (Figure 6.9).
The pectineus muscle forms the caudal
boundary of the femoral triangle.
Origin: Pectin and prepubic tendon.
Insertion: Medial epicondyle of the femur.
Action: Adducts the hind limb.

6.2.1.3.4 Adductor Muscle

The adductor muscle is the largest of the PAGE
muscles and is situated on the medial aspect of
the thigh (Figure 6.9). Reflection of the gracilis
muscle should uncover the adductor.

Find the adductor muscle lying between
the semimembranosus muscle caudally, and
the pectineus muscle cranially (Figure 6.9).

The adductor muscle consists of two parts:
the adductor magnus and adductor brevis.
There is no need to identify these parts.

Origin: Pelvic symphysis (by the symphy-
sial tendon).

Insertion: Medial proximal femur.

Action: Adducts the limb (major action).

6.2.1.3.5 External Obturator Muscle
In ruminants, the external obturator muscle
has intrapelvic and extraplevic parts. It lies
deep to the origin of the adductor muscle
and covers the ventral and dorsal surfaces of
the obturator foramen. Do not look for it in
your specimen but you may view its location
on the skeleton.

In other domestic animals, the intrapelvic
portion of the external obturator is a separate
muscle called the internal obturator muscle.

In this group you should focus on the quadri-
ceps femoris muscle (major extensor of the
stifle). identify the four parts of this muscle
and their insertion on the tibial tuberosity by
three patellar ligaments. Other muscles that
have flexor actions on the stifle include the
popliteus, gastrocnemius, and SDF muscles
(Figure 6.11). The gastrocnemius and SDF
are discussed with the muscles acting on the
hock and digits.

6.2.2.1 Quadriceps Femoris Muscle
The quadriceps femoris muscle is the largest
muscle on the cranial surface of the femur
(Figures 6.11 and 6.12). It comprises four
heads: the rectus femoris, vastus lateralis,
vastus medialis, and vastus intermedius.

Reflect the tensor fasciae latae and gluteo-
biceps muscles by transecting the fascia lata
along the cranial border of the gluteobiceps
muscle. Reflect the gluteobiceps femoris mus-
cle distally to fully uncover the lateral head
(vastus lateralis) of the quadriceps femoris
muscle. Note the presence of the large sciatic
nerve deep to the gluteobiceps femoris.

The three vastii (vastus lateralis, vastus
medialis, and vastus intermedius) muscles of
the quadriceps femoris muscle originates

The femoral triangle is a site used for taking
the pulse from the femoral artery in some ani-
mals. The sartorius muscle forms the cranial
boundary and the pectineus forms the caudal

boundary. In cattle, the pulse can be evaluated
from the saphenous artery that lies more dis-
tally on the superficial surface of the medial
thigh muscles.
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Vastus lateralis m. Quadriceps femoris m.
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Figure 6.11 Overview of bovine pelvic limb muscles: lateral, caudal, and medial views. * Proximal (crural) and
distal (metatarsal) extensor retinaculum. DDF, deep digital flexor muscle; SDF, superficial digital flexor muscle.

Quadriceps
femoris m.:
* Vastus lateralis (1)
Lateral ¢ Rectus femoris (2)
gollateral ¢ Vastus medialis (3)
ligament
Lateral )
patellar Medial
ligament patellar
ligament
Middle Medial
patellar collateral
ligament ligament
Fibularis
(peroneus)
tertius m.

Lateral ~ ' Medial

Figure 6.12 Insertion of the bovine quadriceps femoris muscle on tibial tuberosity by three patellar ligaments.
The vastus intermedius (out of view) is located deep between the vastus lateralis, rectus femoris, and vastus
medialis on the dorsal surface of the femur.

from the proximal femur but the rectus fem-  heads of the quadriceps femoris fuse distally
oris originates from a location on the body of ~ and insert by three patellar ligaments on the
the ilium cranial to the acetabulum. The four tibial tuberosity (Figure 6.12).



The quadriceps femoris is a prime and
powerful extensor of the stifle joint. The rec-
tus femoris is the only head of the quadriceps
femoris muscle that has a flexor action on the
hip joint.

Origin: Proximal lateral and medial surface
of the femur (vastus lateralis, vastus interme-
dius, and vastus medialis), and body of the ilium
cranial to the acetabulum (rectus femoris).

Insertion: Tibial tuberosity via three patel-
lar ligaments.

Action: Extends the stifle (all four heads)
and flexes the hip (rectus femoris only).

Other muscles of the hip are very small and
have minor actions. These include the inter-
nal obturator, quadratus femoris, coccygeus,
and levator ani muscles. The coccygeus and
levator ani muscles (Figure 6.7b) originate on
the pelvis and insert on the caudal vertebrae
of the tail and anus. They form a pelvic dia-
phragm that supports the rectum and other
pelvic viscera against herniation. These mus-
cles are clinically more important in small
animals (e.g., dogs). Their weakness is associ-
ated with incidence of perineal hernia. There
is no need to dissect them.

Patellar
ligaments (lateral—
middle—medial)

Fibularis (peroneus)
tertius m.

Proximal extensor
(crural) retinaculum

Distal extensor
(metatarsal)
retinaculum

6 The Hind Limb

6.2.3 Muscles Acting on the Hock and Digits

The muscles of the crus are divided broadly
into two groups. The craniolateral group
(Figures 6.11, 6.13, and 6.14) includes mus-
cles that only flex the hock, and others that
flex the hock and extend the digits.

The second group is the caudomedial
group (Figure 6.11) that comprises muscles
that extend the hock only, and others that
extend the hock but also flex the digits.

The muscles in the craniolateral group are
innervated by the common peroneal (fibular)
nerve, the cranial division of the sciatic nerve.
The muscles in the caudomedial group are
innervated by the tibial nerve.

6.2.3.1 Craniolateral Muscles

of the Leg (Crus)

The craniolateral muscle group comprises the
cranial tibial, fibularis (peroneus) tertius,
long and (short) digital extensor, fibularis
(peroneus) longus, and lateral digital exten-
sor muscles. The terms fibularis and per-
oneus are used interchangeably and both
terms are acceptable.

Gastrocnemius m.
(lateral head)

Fibularis (peroneus)
longus m.

Long digital
extensor m.

Lateral saphenous v.
(cranial branch)

Dorsal common
digital v. Il

Figure 6.13 Bovine superficial craniolateral muscles of the crus on left pelvic limb: craniolateral view.
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Fibularis (peroneus)
tertius m.

Proximal extensor
(crural) retinaculum

Short digital extensor m.

Distal extensor
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Long digital extensor i oy
- '/ }//

Lateral digital extensor m.

Deep digital flexor
(lateral head)
Common calcanean
tendon

Fibularis
(peroneus) longus
tendon

Lateral digital extensor
tendon

Flexor tendons

Figure 6.14 The bovine craniolateral muscles and tendons of the crus: close-up left lateral view.

With the help of Figure 6.13, skin your speci-
men down to the claws (hoofs) if you have not
already done so. Keep the dewclaw in place.
Isolate the extensor retinacula on the dorsal
surface of the hock and proximal metatarsal
region. You may also want to preserve branches
of the lateral saphenous vein, especially the cra-
nial branch.

6.2.3.1.1 Fibularis (Peroneus) Tertius Muscle
The belly of the fibularis (peroneus) tertius
muscle is the largest and most superficial and
cranial of the craniolateral group (Figures
6.13 and 6.14). Unlike the horse, in which the
fibularis tertius is purely tendinous, in rumi-
nants it is fleshy. Additionally, in the horse,
the fibularis tertius lies deep to the long digi-
tal extensor muscle. This position is reversed
in ruminants.

The fibularis tertius inserts on the tarsus
and proximal metatarsal bones by lateral
and medial tendons. It primarily flexes the
hock. There is no need to dissect the tendons
of insertion.

Origin: Extensor fossa of the femur, pass-
ing distally through the extensor groove on
the proximal tibia by a common tendon
shared with the long digital extensor muscle.

Insertion: The lateral tendon inserts on the
dorsal surface of the large metatarsal bone

(fused Mt III and Mt IV). The medial tendon
inserts on the first tarsal and fused tarsal
bones II and III, and the plantar aspect of the
large metatarsal bone. Note these points of
insertion on the skeleton or articulated limb
but do not dissect them.

Function: Flexes the hock.

6.2.3.1.2 Long Digital Extensor Muscle

The long digital extensor muscle fuses with
the fibularis tertius and is partially covered
by the fibularis (peroneus) tertius muscle.

Find the belly of the long digital extensor
muscle deep and lateral to the fibularis (per-
oneus) tertius muscle (Figure 6.14).

The long digital extensor muscle has
medial (deep) and lateral (superficial) bellies
that give medial and lateral digital extensor
tendons.

Trace the tendons of insertion of the long
digital extensor to the digits. Notice that the
long digital extensor muscle insertion is sim-
ilar to that of the common digital extensor in
the forelimb.

Identify and isolate the crural and meta-
tarsal extensor retinacula that hold down
the tendons of the craniolateral muscles of
the crus on the flexor (dorsal) surface of the
hock and dorsal surface of the large metatar-
sal bone.



Origin: Extensor fossa of the femur.

Insertion: Medial tendon (from the medial
belly) inserts on the dorsal surface of the
middle (P2) and distal (P3) phalanx of the
medial digit. The lateral (middle) tendon
(from the lateral belly) bifurcates into two
thinner tendons that insert on the extensor
processes of P3 on both the third (medial)
and fourth (lateral) digits.

Function: Flexes the hock joints and
extends the digital joints.

The short (brevis) digital extensor mus-
cle is a small muscle situated on the dorsal
surface of the hock. The tendon of the short
digital extensor joins that of the long digital
extensor (Figures 6.14 and 6.15). There is no
need to dissect it.

6.2.3.1.3 Lateral Digital Extensor Muscle

The lateral digital extensor muscle lies caudal
to the fibularis longus muscle (Figure 6.14).
Trace the tendon of the lateral digital exten-
sor distally to the lateral digit (digit IV).
Insertion of this tendon is similar to the

Proximal extensor
(crural) retinaculum

Distal extensor (metatarsal)
retinaculum

Long digital extensor:
¢ Medial tendon
¢ Lateral tendon

insertion of the medial tendon of the long
digital extensor on the medial digit (digit III).

Origin: Lateral collateral ligament of the
stifle and by extension from the lateral epi-
condyle of the femur.

Insertion: Middle (P2) and distal phalanx
(P3) of lateral digit (digit IV).

Function: Flexes the hock and extends dig-
ital joints of the lateral digit.

6.2.3.1.4 Cranial Tibial Muscle

The cranial tibial muscle lies on the dorsal
(cranial) surface of the tibia deep to the fibula-
ris tertius and long digital extensor muscles.

Reflect the combined tendons of the fibula-
ris tertius and long digital extensor muscles to
uncover the belly of the cranial tibial muscle.

Origin: Proximal lateral surface of the tibia
and fibula.

Insertion: First tarsal bone, fused second
and third tarsal bones, and proximomedial sur-
face of the large metatarsal bone (Figure 6.16).
Identify these sites on the skeleton but do not
dissect them.

Fibularis (peroneus)
tertius m.

Short digital extensor

Fibularis

(peroneus) longus
tendon

Lateral digital extensor
tendon

Left pelvic limb digital extensor tendons and retinacula: dorsal view. Note that three digital
extensor tendons (medial, middle, and lateral) can be identified on the dorsal surface of the large metatarsal
bone. Two tendons originate from the long digital extensor muscle (medial and lateral) and one (lateral) from
the lateral digital extensor muscle. The lateral tendon of the long digital extensor gives two branches that
insert on the extensor process of digits Ill and IV. The digital extensor tendons of the pelvic limb are arranged
similarly to the tendons of the common and lateral digital extensor muscles in the thoracic limb.
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gastrocnemius m.
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tendon m.

Fused lateral and caudal
heads of the DDF and tendons
(or fused lateral digital flexor
and caudal tibial muscles)
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caudal heads of DDF

Cranial tibial m.
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Popliteus m.
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Figure 6.16 (a) Caudomedial muscles of the crus in the bovine hind limb: left medial view. Dotted line,
common calcaneal tendon. (b) The metatarsal region on the left bovine hind limb showing extensor and flexor
tendons on the dorsal and plantar sides, respectively: medial view.

Function: Flexes the hock.

6.2.3.1.5 Fibularis (Peroneus) Longus Muscle
The fibularis (peroneus) longus is a triangular
muscle lying caudal to the long digital extensor
muscle (Figures 6.13 and 6.14). This muscle is
present in the dog but absent in the horse.

Origin: From the lateral tibial condyle,
rudimentary fibula, and the lateral collateral
ligament of the stifle.

Insertion: By an oblique tendon on the
fourth tarsal bone, and plantar aspect of the
large metatarsal bone.

Function: Flexes the hock.



6.2.3.2 Extensor Retinacula

Identify the crural (proximal) and metatar-
sal (distal) extensor retinacula (Figures
6.14 and 6.15). The extensor retinacula are
transverse flat bands of deep fascia that hold
down the tendons of the flexor of the hock
and extensor of the digits on the craniolateral
aspect of the hind limb.

The proximal (crural) extensor retinacu-
lum is located on the distal dorsal surface of
the crus, hence the word “crural” in the name.
It transversely crosses the tendons of three
muscles on the craniolateral surface of the
crus: the fibularis tertius, long digital extensor,
and cranial tibial muscles.

The distal (metatarsal) extensor reti-
naculum lies slightly distal to the hock
on the proximal dorsal surface of the meta-
tarsal region, hence the word “metatarsal”
in the name. It passes over and holds down
three extensor tendons: the short digital
extensor, long digital extensor, and lat-
eral digital extensor muscles (Figures 6.14
and 6.15).

6.2.3.3 Caudomedial Muscles

of the Leg (Crus)

The caudomedial group includes the soleus,
gastrocnemius, superficial digital flexor
(SDF), deep digital flexor (DDF), and pop-
liteus muscles (Figure 6.16). Collectively,
they extend the hock (except the popliteus)
and some (SDF and DDF) course distally and
flex the digital joints. They are innervated by
the tibial nerve.

6.2.3.3.1 Soleus Muscle
This is a small muscle that originates from
the rudimentary fibula. Find the soleus on
the proximolateral surface of the lateral head
of the gastrocnemius muscle. The tendon of
the soleus muscle joins the gastrocnemius
and the common calcanean tendon. No dis-
section is necessary.

Origin: Rudimentary fibula.

Insertion: Joins the common calcanean
tendon.

Function: Helps in extending the hock.

6.2.3.3.2 Gastrocnemius Muscle (Lateral

and Medial Heads)

The gastrocnemius muscle is a large muscle
that lies on the caudal aspect of the stifle
joint and proximal tibial. It is known as the
calf muscle in humans.

The gastrocnemius has lateral and
medial heads that join to form a common
insertion tendon (Figure 6.16a). It origi-
nates from the supracondylar tuberosities
and inserts on the calcanean tuber. It is a
major component of the common calca-
nean tendon and acts to flex the stifle and
extend the hock.

Find the large tibial nerve coursing distally
between the two heads of the gastrocnemius
muscle. It emerges in the space cranial to the
common calcaneal tendon.

Origin: Lateral and medial supracondylar
tuberosity.

Insertion: Calcanean tuber.

Function: Because the stifle and hock
movement is synchronized by the reciprocal
apparatus, the gastrocnemius flexes the stifle
joint when the hock is flexed and extends the
hock when the stifle is extended.

6.2.3.3.3 Superficial Digital Flexor Muscle

In the proximal leg, the SDF muscle lies deep
to the lateral and medial heads of the gas-
trocnemius muscle. In the distomedial part
of the leg, the SDF tendon passes medially to
become superficial to that of the gastrocne-
mius tendon (Figure 6.16a).

Transect the medial and lateral heads of
the gastrocnemius from their origins and
reflect them down to uncover the SDF. At the
calcanean tuber, the gastrocnemius tendon is
deep to the tendon of the SDF.

The SDF in ruminants is fleshier than in the
horse but has a tendinous band that courses
within the muscle. It is very tendinous in the
horse.

Study the origin and insertion of SDF on the
skeleton.

Similar to the forelimb, the tendon of the
SDF continues distally and separates into two
components that insert on the second pha-
lanx (P2) of the medial and lateral digits.



Origin: Supracondylar fossa (Figure 6.3).

Insertion: Calcanean tuber proximally,
and middle phalanges (P2) of digits IIl and IV
distally.

Function: Extends the hock, and flexes the
fetlock and pastern joints.

6.6.3.3.4 Common Calcanean (or Calcaneal)
Tendon and Calcanean Bursae

The common calcanean (Achilles) tendon
is formed principally by the tendons of the
gastrocnemius and SDF muscles (Figures
6.14 and 6.16a). Other minor contributors
include the soleus, gluteobiceps, and sem-
itendinosus muscles.

A subtendinonus bursa (subtendinous
calcanean bursa) is located between the
SDF and gastrocnemius tendons at their
point of insertion on the calcanean tuber
(point of the hock). At the same location, a
subcutaneous calcanean bursa (an acquired
bursa by friction on hard surfaces) may be
present under the skin over the point of the
hock.

In the horse, inflammation of a subcutane-
ous calcanean bursa can result in an enlarge-
ment known as “capped hock”

6.2.3.3.5 Deep Digital Flexor Muscle
Proximally in the crus region, the DDF mus-
cle has three heads designated as lateral
head (or lateral digital flexor muscle),
medial head (or medial digital flexor mus-
cle), and caudal head (or caudal tibial
muscle) (Figure 6.16a). Distally in the meta-
tarsal region, the combined tendons of the
DDF muscle lie deep to the SDF muscle
(Figure 6.16b).

The lateral head of DDF (the largest of the
three heads) fuses with the caudal head (or
tibialis caudalis muscle). The large combined
tendon of the lateral and caudal heads is sur-
rounded by a synovial sheath as it courses on
the plantar surface of the hock over the sus-
tentaculum tali within the flexor canal
(Figure 6.16). Visualize this location on the
skeleton. Identify the lateral head of the DDF
on the lateral side of the limb caudal to the

belly of the lateral digital extensor muscle
(Figure 6.14).

The relatively thin tendon of the medial
head of the DDF passes through the medial
collateral ligament of the hock (Figure 6.16).
It joins the combined larger tendon of the lat-
eral and caudal heads forming a large single
tendon of the DDF muscle in the metatarsal
region (Figure 6.16b).

Origin: Lateral and caudal proximal sur-
face of the tibia.

Insertion: Distal phalanges (P3) of both
digits III and IV.

Function: Flexes the digital joints of digits
IIT and IV.

6.2.3.3.6 Popliteus Muscle
The popliteus muscle lies on the proximo-
caudal surface of the tibia deep to the lateral
and medial heads of gastrocnemius muscle
(Figure 6.16a).

Origin: Popliteal fossa and later condyle of
the femur.

Insertion: Caudomedial surface of the
tibia.

Function: Flexes the stifle.

6.2.3.3.7
Ligament)
Interosseus muscles III and IV in ruminants
combine to form a single complex structure.
The divisions and insertion of the interosse-
ous are as described in the forelimb (see
Figures 5.20-5.22). Identify the interosseus
muscle deep to the DDF on the plantar sur-
face of the large metatarsal bone
(Figure 6.16b).

Interosseus Muscle (Suspensory

Goal: Understand the major blood chan-
nels, especially the blood supply to the
distal foot. The focus in vascularization of
the ruminant pelvic limb is on the arteries
on both the dorsal and plantar sides of the
pes (tarsus and below).
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Overview of arterial blood supply to the dorsal and plantar sides of the hind limb. The femoral
artery (main channel to the hind limb) is the continuation of the external iliac artery beyond the vascular
lacuna. On the dorsal surface of the limb, blood to the digits comes from the cranial tibial, dorsal pedal, and
dorsal metatarsal artery Ill. On the plantar side, blood comes from the saphenous and its distal branches,
medial and later plantar arteries. The distal perforating branch from dorsal metatarsal artery Ill joins with the
plantar common digital artery lll from the medial plantar artery. This large anastomosis runs in the interdigital
space and divides into axial plantar proper digital arteries Ill and IV (the main blood supply to the digits). Do

not identify arteries in italics.

The blood supply to the distal part of the
hind limb comes from both the dorsal and
plantar sides (Figure 6.17). This pattern is
different from that for the forelimb where
the main arterial blood supply to the front
foot emanates mainly from one side, the
palmar side.

In the proximal hip region, the gluteal mus-
cles receive arterial blood from the cranial
gluteal artery, a branch from the internal
iliac artery, and from the caudal gluteal
artery, one of two terminal branches of the
internal iliac artery inside the pelvis.

The cranial gluteal artery passes out of
the pelvic cavity through the greater ischiatic

foramen. The caudal gluteal artery (one of
the terminal branches of the internal iliac
artery) courses out of the pelvic cavity via the
lesser ischiatic foramen. The gluteal vessels
are discussed with the pelvis.

Before you start your dissection of blood
vessels in the hind limb, study an overview of
the blood supply using Figure 6.17.

The main channel in the proximal limb
that brings arterial blood to the hind limb is
the femoral artery. This is the continuation
of the external iliac artery out of the pelvis
onto the medial surface of the thigh
(Figure 6.18).

The femoral artery detaches several
branches including the saphenous artery in
the distal thigh region. The saphenous artery
runs superficially on the medial thigh in
association with the saphenous nerve and
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Femoral a.

Sciatic (ischiatic) n.
Caudal femoral a.
Gracilis m.
(reflected)

Gastrocnemius m.
(lateral head)

Common calcaneal

Tibial n.

Medial planter a.
(branch of saphenous a.)

- Gracilis m.
(reflected)

Popliteal a.

Popliteus m.
(incised)

Gastrocnemius m.
(medial head)

Figure 6.18 The left bovine thigh region showing the femoral artery and sciatic nerve: medial view. The
medial head of the gastrocnemius and gracilis are reflected. The caudal femoral artery is the last branch off the
femoral artery in the thigh region before it becomes the popliteal artery caudal to the stifle joint. Note the
course of the tibial nerve between the heads of the gastrocnemius proximally, and in the space cranial to the

common calcaneal tendon distally.

medial saphenous vein (Figure 6.10).
Because of its superficial location on the
medial thigh, the saphenous artery can be
used for pulse evaluation in cattle.

With the help of Figure 6.18, use a fresh or
embalmed bovine hind limb to dissect the
major blood vessels. In the proximal medial
thigh and leg, transect the gracilis muscle and
medial head of the gastrocnemius muscles.
Trace the femoral artery coursing from distal
caudal thigh region distally in the popliteal
notch, caudal to the stifle joint.

Here, the name of the femoral artery
changes to the popliteal artery. The pop-
liteal artery courses distally between the
medial and lateral heads of the gastrocne-
mius muscle through the popliteal notch
where it divides into cranial tibial and cau-
dal tibial arteries. These vessels travel to the
corresponding dorsal and caudal surfaces of
the tibia, respectively. Do not trace the cau-
dal tibial artery (minor vessel). Follow the
cranial tibial artery on the dorsal surface of
the crus.

On the dorsal surface of the crus, follow the
cranial tibial artery coursing distally deep
to the cranial tibial muscle in company with
the deep peroneal nerve. With help of Figure
6.19, spread the muscles of the craniolateral
group apart in the distal crural region.

On the dorsal surface of the hock, the name
of the cranial tibial artery changes to dorsal
pedal artery. Identify both arteries. The dor-
sal pedal artery give rise to a proximal perfo-
rating tarsal artery (do not look for it). Distal
to this branch, the dorsal pedal artery
becomes the dorsal metatarsal artery III
(Figure 6.19).

Identify the dorsal metatarsal artery III
that courses on the axial dorsal longitudinal
groove on the dorsal surface of the large met-
atarsal bone. In the distal third of the large
metatarsal bone, the dorsal metatarsal artery
111 gives rise to the distal perforating branch
and continues distally to give small dorsal
axial proper digital arteries III and IV. Do not
look for the distal perforating or dorsal axial
proper digital arteries.



Fibularis (peroneus)
tertius tendon of
insertion

Deep branch
of the common
fibular (peroneal) n
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Fibularis (peroneus)
tertius m.

Dorsal pedal a.

Dorsal metatarsal
a. lll

Figure 6.19 Main arteries on the dorsal surface of distal limb (cranial tibial-dorsal pedal-dorsal metatarsal

artery lll) to the digits. Left bovine hind limb: dorsal view.

On the plantar surface, the saphenous
artery divides into medial and lateral
plantar arteries that run with like-named
nerves (divisions of the tibial nerve). The
medial and lateral plantar arteries give the
plantar common digital arteries, of which
the plantar common digital artery III is
the largest.

Trace the relatively large medial plantar
artery and its largest branch, the plantar
common digital artery III, to the interdig-
ital space. The distal perforating artery
from dorsal metatarsal artery III joins with
the plantar common digital artery III from
the saphenous artery. These large anasto-
moses are the main blood supply to the
digit and give axial plantar proper digital
arteries III and IV that course to the
interdigital space on the plantar surface of
the foot.

Box 6.3

The anastomoses of the dorsal metatarsal
artery lll and the plantar common digital
artery Ill are potential sources of bleeding
when digital amputation is performed.

6.3.2 Veins of the Hind Limb

Goal: Identify the superficial veins of the
distal hind limb, especially branches of the
lateral saphenous vein (cranial and caudal
branches coursing on lateral aspect of the
hock). Identify the dorsal common digital
vein III coursing on the dorsum of the meta-
tarsal region. Know that the dorsal common
digital vein III feeds into the cranial branch
of the saphenous vein proximally.

Veins of the hind limb are divided into deep
satellite veins that follow like-named arteries
and superficial veins, some of which do not
have a corresponding artery (e.g., lateral
saphenous vein).

The superficial veins include the lateral and
medial saphenous veins. The lateral saphen-
ous vein has cranial and caudal branches.
The medial saphenous vein has only a caudal
branch.

In the horse, each of the lateral and medial
saphenous veins has cranial and caudal
branches.

The lateral saphenous vein is relatively
large and follows an independent course on
the lateral aspect of the pes with no satellite
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artery. In contrast, the medial saphenous
vein has a satellite saphenous artery.

Identify the cranial and caudal branches of
the lateral saphenous vein (Figure 6.20a).
Trace the dorsal common digital vein III
from the dorsal surface of the foot proximally.
Note that it feeds into the cranial branch of
the lateral saphenous vein (Figure 6.20a).

The lateral saphenous vein drains into the
medial circumflex femoral vein deep in the
medial thigh region. It courses proximally deep
to the distal part of the gluteobiceps muscle
(Figure 6.20b).

The medial saphenous vein, however, drains
into the femoral vein in the mid-thigh region.
It courses with a satellite saphenous artery and
saphenous nerve (Figure 6.10).

6.3.3 Lymphatic Structures of the Hind Limb

Goal: Identify the popliteal and deep
inguinal lymph nodes, and know how the
lymph flows from the distal limb.

Lateral saphenous v.
(cranial branch)

Superficial branch of
common fibular
(peroneal) n.

Dorsal common
digital v. and n. 1l

Box 6.4

Like in the forelimb, the superficial veins are
of clinical importance in injection of antibiot-
ics or anesthetics (retrograde anesthesia)
intended to act on the distal foot. The cranial
branch of the lateral saphenous vein or its
branches (e.g., the dorsal common digital
vein Il or lateral plantar digital vein) are fre-
quently used forthese procedures. Anesthetic
injected in the veins diffuses out and
anesthetizes digital nerves to allow surgical
procedures on the digits.

Lymph from the lower limb collects into
the popliteal lymph node. The popliteal
lymph node is located in a depression
between the biceps femoris and semitendi-
nosus muscles at the caudal level of the sti-
fle joint (Figure 6.7b).

Lymph from the distal limb passes proxi-
mally to the popliteal lymph node. Efferent
(outflow) lymph vessels from the popliteal

Lateral saphenous v.

Lateral saphenous v.
(caudal branch)

Lateral plantar
digital v.

Figure 6.20 (a) Branches of the lateral saphenous vein. The lateral saphenous vein drains into the medial circumflex
femoral vein on the medial thigh region. Note that the dorsal common digital vein Ill and the lateral plantar vein drain
into the cranial branch of lateral saphenous vein. Bovine left hind limb: lateral view. These veins are used for injection
of antibiotics and retrograde anesthesia (Box 6.4). (b)The lateral saphenous vein coursing deep to the distal part of
the gluteobiceps muscle (removed) to join the medial circumflex femoral vein on the medial side of the thigh region.



(peroneal) n.

(b)

Figure 6.20 (Continued)

lymph nodes eventually drain to medial iliac
lymph nodes along the caudal segments of
the aorta near the branching of the external
iliac arteries. Other lymph centers that drain
the pelvis and hind limbs in ruminants (lum-
bar, external iliac, sacral, ischial, and anorec-
tal nodes) are discussed with the pelvis.

6.3.4 Nerves of the Hind Limb

Goal: Identify the major nerves (sciatic,
obturator, and femoral) and their branches.
Identify the location and know the major
functions of hind limb nerves so you can
diagnose nerve damage and avoid causing
nerve-associated damage. Describe the
nomenclature for branching of the tibial and
common peroneal nerves in the distal limb
(Figures 6.21 and 6.22). Understand that
nerve block for diagnosis of lameness, such
as that widely performed in equine medi-
cine, is limited in bovine clinical practice.

The motor and sensory nerve supply of the
hind limb structures originates from the
lumbosacral plexus which extends from

6 The Hind Limb

Muscular
branches

Sciatic (ischiatic) n.

Tibial n.

Lateral saphenous v.

L6 to S5 lumbar and sacral spinal cord
segments.

On the lateral surface of the sacrosciatic
ligament find the cranial gluteal nerve
emerging from the greater ischiatic foramen
with the large sciatic nerve. The cranial glu-
teal nerve innervates the middle and deep
gluteal muscles, and tensor fasciae latae
muscles.

The caudal gluteal nerve innervates the
gluteobiceps muscle along with the muscular
branches from the main trunk of the sciatic
nerve.

The major nerves of the hind limb are the
femoral nerve, obturator nerve, sciatic
nerve and its two major tributaries, the com-
mon fibular (peroneal) and tibial nerves
(Figures 6.21 and 6.22).

Study the branching pattern of the sciatic
nerve, especially in the distal limb (Figure 6.21).

Akin to arterial blood supply, the distal foot
is supplied from nerves that run on the dorsal
surface of the foot (from the common peroneal
or fibular nerve and its branches) and from
nerves on the plantar surface (medial and lat-
eral plantar nerves from the tibial nerve).
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Tibial n.

/l\

( Dorsal side \ i A \

v
Lateral cutaneous Common peroneal n.
sural n. *

)

Caudal cutaneous
sural n.

Superficial peroneal n. Deep peroneal n. .
Plantar side :

Medial plantar n. Lateral plantar n.

v v wd v L

Dorsal common digital nn. (Dorsal metatarsal n. Ii) Plantar common digital nn.

(I m v) u i )

Abaxial and axial dorsal proper digital nn.
(1 (m&iv)y (v)

(Abaxial) (Axial) (Abaxial)

Abaxial and axial plantar proper digital nn.

[y (IN&Iv)] (V)
(Abaxial)  (Axial) (Abaxial)

Overview of the innervation of the ruminant hind limb. The common peroneal (fibular) and
tibial nerves are the two major divisions of the sciatic nerve deep to the biceps femoris muscle. At the level of
the lateral surface of the stifle joint, the common peroneal nerve divides into superficial and deep peroneal
(fibular) nerves that can be traced between the fibularis (peroneus) longus and lateral digital extensor
muscles. The superficial peroneal runs distally on the dorsal surface of the large metatarsal bone and gives the
dorsal common digital nerves Il lll, and IV, of which the dorsal common digital nerve lll is the largest. The
dorsal common digital nerves course on the dorsal surface of the foot to form axial dorsal proper digital
nerves lll and IV in the interdigital space, and abaxial dorsal proper digital nerves lll and IV to the medial and
lateral digits, respectively. The deep peroneal nerve gives a small and minor dorsal metatarsal nerve Ill that
joins the dorsal common digital nerve lll above the fetlock. On the medial side of the crus and just proximal
to the hock, the tibial nerve divides into medial and lateral plantar nerves. These branches run in the
metatarsal region on each side of the flexor tendons. The medial plantar nerve gives plantar common
nerves |l and Ill above the fetlock. These nerves course distally to form the axial plantar proper digital
nerves lll and IV in the interdigital space, and abaxial plantar proper digital nerve lll to the abaxial surface of
the medial digit. The lateral plantar nerve gives plantar common digital nerve IV, which in turns gives the
abaxial plantar proper digital nerve IV to the lateral digit. Identify the nerves in bold.

6.3.4.1 Femoral Nerve company with the saphenous artery and

The femoral nerve (Figure 6.23) supplies the
quadriceps femoris muscle and gives a cuta-
neus branch, the saphenous nerve. The
saphenous nerve runs on the medial thigh in

medial saphenous vein (Figure 6.10). The
saphenous nerve is sensory to the skin on the
medial side of the leg as far distally as to the
mid-metatarsal region.

Femoral nerve damage is reported in calves
that have a difficult birth when forcible trac-
tion of the fetus damages the nerve. A calf with
femoral nerve damage will not be able to carry
weight on the affected limb. Loss of skin sensa-

tion will be localized to the medial thigh,
medial crus, and medial pes as the result of
damage to the saphenous nerve, a branch of
the femoral nerve.




Accessory gluteal m.

Deep gluteal m.

Common fibular
(peroneal) n.

Popliteal lymph node

6 The Hind Limb

Location of greater
ischiatic foramen

Sciatic (ischiatic) n.

Caudal gluteal a.

Tibial n.
Semimembranosus m.

Semitendinosus m.
(transected)

Figure 6.22 The structures deep to middle gluteal and gluteobiceps muscles (bovine): caudolateral view. *

Middle gluteal muscle transected.

Box 6.6

Obturator nerve damage can occur by com-
pression of the nerve by a large fetus during
difficult parturition. The condition is charac-
terized by failure to adduct the limb, espe-

cially on a slippery floor.

6.3.4.2 Obturator Nerve

The obturator nerve supplies the adductor
(PAGE) muscles. This nerve is studied with
the pelvis. Find the nerve coursing along
the medial shaft of the ilium and passing
distally through the obturator foramen to
the medial thigh or on lateral view of the
pelvis where the hind limb is removed (see
Figure 4.12).

6.3.4.3 Sciatic Nerve

Now let us study the branches of the sciatic
nerve in the distal limb in more detail (Figures
6.21, 6.22, 6.23, 6.24, 6.25, 6.26 and 6.27). The
sciatic nerve leaves the pelvis via the greater
ischiatic foramen (Figure 6.22). It enters the
lateral thigh deep to the gluteobiceps by passing
medial to the greater trochanter and caudal to
the hip joint.

Reflect the gluteobiceps ventrally and find
the two major branches of the sciatic nerve: the
common fibular (peroneal) and tibial nerves
(Figure 6.22).

6.3.4.4 Common Fibular (Peroneal)

Nerve

The terms “fibular” or “peroneal” are used
interchangeably and both are acceptable. The
common fibular nerve innervates the mus-
cles on the craniolateral aspect of the crus
(flexors of the hock and extensors of the
digit). It also carries sensory impulses from
the dorsal aspect of the hind foot. The com-
mon peroneal nerve divides at the level of the
proximal fibula into deep and superficial
peroneal nerves.

Look for the common peroneal nerve as it
emerges from under the distal part of the
gluteobiceps muscle in the proximal lateral
crural region (Figure 6.24). Here it divides
into deep and superficial peroneal nerves.

Trace the superficial and deep peroneal
nerves in the groove between the fibularis
(peroneus) longus and lateral digital extensor
muscles (Figures 6.24 and 6.25).

In the proximal leg, the deep peroneal
nerve gives muscular branches to the
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Middle gluteal m.

Femoral n.

Vastus lateralis m.

Gluteobiceps m.
(reflected)

Gastrocnemius m.
(lateral head)

Muscular
branches

Sciatic (ischiatic) n.
Tibial n.
Popliteal lymph node

Common fibular
(peroneal)n.

Caudal cutaneous
sural n.

Figure 6.23 Proximal branches of the sciatic nerve (ox). The tensor fasciae latae muscle was removed and the
gluteobiceps transected and reflected down.* Greater trochanter of the femur.

Middle patellar
ligament

Fibularis
(peroneus)
longus m.

Fibularis (peroneus)
tertius m.

Long digital extensor m.

Superficial branch
of the common
fibular (peroneal) n.

Common fibular
(peroneal) n.

Gastrocnemius m.
(lateral head)

Lateral digital extensor m.

Lateral saphenous v.

Point of the hock
(calcanean tuber)

Cranial and caudal brs.
of the lateral saphenous V.

Figure 6.24 The bovine pelvic limb showing the common peroneal nerve and branches of the lateral

saphenous vein: left lateral view.

craniolateral muscles of the leg: the fibularis
(peroneus) tertius, long digital extensor, cra-
nial tibial, and fibularis (peroneus) longus
muscles. Collectively, these muscles flex the
hock and extend the digits.

More distally on the dorsal surface of the
metatarsal region, the deep peroneal gives the
dorsal metatarsal nerve III. Trace this rela-
tively small nerve coursing close to the dorsal
metatarsal artery III (continuation of the
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Common fibular
(peroneal) nerve:

Superficial branch

Lateral saphenous
vein:
Deep branch Cranial branch

Cranial tibial a.v.

Dorsal pedal a. Caudal branch

Figure 6.25 Superficial and deep branches of the common fibular (peroneal) nerve on the lateral crus and
proximal metatarsal regions. The left bovine pelvic limb: lateral view.

Superficial branch of
common fibular
(peroneal) n.

Lateral saphenous v.
(cranial branch)

Dorsal metatarsal
a.andn. Il

Dorsal common
digital v. IlI

Dorsal common
digital n. Il

Axial dorsal proper

Axial dorsal proper
prop digital v. and n. IV

digital v. and n. Ill

Figure 6.26 The right bovine pelvic limb: dorsal view. Distribution of the superficial and deep branches of the
common fibular (peroneal) nerve on the dorsal aspect of the metatarsal and digital regions. Identify the
superficial branch of the peroneal nerve and the dorsal common digital nerve Ill (coursing with the dorsal
common digital vein lll) in the metatarsal region above the fetlock joint. The dorsal common digital nerve llI
gives the axial dorsal proper digital nerves Ill and IV in the interdigital space. The deep peroneal course in the
metatarsal region is the dorsal metatarsal nerve IIl.

dorsal pedal artery) (Figures 6.19 and 6.26). The superficial peroneal nerve inner-
The dorsal metatarsal nerve III joins the dor-  vates the lateral digital extensor muscle in
sal common digital nerve III from the superfi-  the proximal crural region. It courses distally

cial peroneal nerve. Do notlook for thisunion.  along the lateral side of the crus. At the distal
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Medial
saphenous v.

'\:
Saphenous a. oA
Medial - '

plantar n.

Tibial n.

Lateral
plantar n.

Medial plantar n.
Tibial n.

Lateral plantar n.
Plantar common
digital n. Il

Plantar common
digital n. IV Plantar common

digital n. 1l
Axial plantar proper

digital n. IV Axial plantar proper

digital n. 1l
Medial plantar n.

Lateral plantar n.

Figure 6.27 (a) The bovine hind limb: medial view. Find the tibial nerve in the groove cranial to the common
calcaneal tendon on the medial side of the leg. It is accompanied by the medial saphenous vein. (b) The bovine
left hind limb: plantar view. The figure shows the tibial nerve above the hock and its medial and lateral plantar
branches below the hock on each side of the flexor tendons. (c) The medial and lateral plantar nerves course
distally forming plantar common digital nerves I, lll, and IV in the distal plantar metatarsal region, and axial
and abaxial plantar proper digital nerves in the foot region. Identify the plantar common digital nerve Ill and
its axial plantar proper digital nerves Il and IV coursing distally in the interdigital space.

end of the metatarsal region, it gives the  dorsal common nerves course to the dorsal
dorsal common digital nerves II, III, and  aspect of the digits and give rise to the axial
IV, of which the dorsal common digital and abaxial dorsal proper digital nerves as
nerve III is the largest (Figure 6.26). The  they pass distal to the dewclaws.



Identify the dorsal common digital
nerve III that passes distally in the inter-
digital space and gives the axial dorsal
proper digital nerves III and IV to the
medial and lateral digits, respectively
(Figure 6.26).

6.3.4.5 Tibial Nerve

On the medial aspect of the crus, locate the
tibial nerve in the depression between the
common calcanean tendon and the deep dig-
ital flexor muscle (Figures 6.18 and 6.27a).
Identify the branching of the tibial nerve
using Figure 6.21. Proximally, the tibial
nerve gives a cutaneous branch and runs
between the medial and lateral heads of the
gastrocnemius muscle where it gives muscu-
lar branches to the muscles caudal to the
tibia (extensors of the hock and flexor of the
digits).

Medially above the hock, the tibial nerve
divides into large medial and relatively
thinner lateral plantar nerves. The plan-
tar nerves run in the metatarsal region on
each side of the flexor tendons
(Figure 6.27b, c).

Trace the larger medial plantar nerve
through the metatarsal region where it is
situated medial to the flexor tendons
(Figure 6.27b, c). Proximal to the dew-
claws, the medial plantar nerve gives rise
to the plantar common digital nerves II
and III. Of these, the plantar common
digital nerve III is the largest (Figure
6.27c). The lateral plantar nerve forms
the plantar common digital nerve IV
(Figure 6.27c) and abaxial plantar proper
digital nerve I'V.

Trace only the plantar common digital
nerve III to the interdigital space where it
forms the axial plantar proper digital
nerves III and IV (Figure 6.27c). Do not
look for the abaxial plantar proper digital
nerves but you should know the
nomenclature.

In some texts, the term “proper” is omitted
when the digital nerves and arteries are
described.

Although retrograde anesthesia in the distal
veins of the foot is widely used in cattle, a
four-point nerve block of the dorsal com-
mon digital nerves, dorsal metatarsal nerve
Ill, and medial and lateral plantar nerves can

be performed.

Goal: Identify the bones that form each
joint of the hind limb.

From proximal to distal, the major joints of
the hind limb are the hip (or coxofemoral)
joint, stifle joint, hock joints (tarsocrural
or tibiotarsal, proximal intertarsal, distal
intertarsal, tarsometatarsal), and digital
joints (fetlock, pastern, and coffin).
Identify these joints on a cow or goat skele-
ton and on your dissection specimen. To save
time, your instructor may prepare prosected
specimens of selected joints (e.g., stifle) for
demonstrating the ligamentous structures.
Joint injections and aspirations of synovia
“arthrocentesis” are more widely used in
equine practice than in cattle or goats. This
makes detailed anatomy of ruminant joints
unnecessary.

The hip or coxofemoral joint is the articula-
tion between the head of the femur and the
acetabulum. The ligament of the head of the
femur stabilizes the joint. There is no acces-
sory ligament similar to that in the horse.

Like in the horse, the stifle joint of large rumi-
nants (cattle) has three patellar ligaments
(Figure 6.12) compared to a single patellar
ligament in small ruminants and dogs.

Other ligaments of the stifle (medial and
lateral collateral, medial and lateral femoro-
patellar, cranial and caudal cruciate, and



meniscofemoral ligaments) are similar
among domestic animals. They can be dem-
onstrated on prosected specimens.

The stifle joint capsule consists of femoro-
patellar and femorotibial joints. The femo-
rotibial tibial joint has medial and lateral
compartments. The femoropatellar joint
always communicates with the medial com-
partment of the femorotibial joint and occa-
sionally with the lateral femorotibial joint.

The lateral and medial femorotibial joints
usually communicate with each other. In
contrast, no communication exists between
these two compartments in the horse or dog.

Inflammation of the stifle joint is known as
gonitis. It is caused by inflammatory or
structural damage in the joint. This condi-
tion can cause severe pain in bulls and fail-
ure to breed. Other conditions that affect
the stifle include patellar luxation and torn

cruciate ligaments.

The hock joint is a complex joint formed by
four articulations. From proximal to distal,
they are the tibiotarsal (or tarsocrural),
proximal intertarsal, distal intertarsal, and
tarsometatarsal joints. Review the bones
that make up each joint.

Know that the tarsocrural joint communi-
cates with the proximal intertarsal joint.
Likewise, the distal intertarsal joint commu-
nicates with the tarsometatarsal joint.

The digital joints are similar to the digital
joints of the forelimb.

Several conditions affect the hock joints.
Examples include formation of subcutane-
ous hygroma, inflammation of the tarsocru-
ral joint (bog spavin), and arthritic changes
affecting various tarsal bones.

Joint infection of goats with caprine arthri-
tis and encephalitis (CAE) virus can lead to pro-
gressive arthritis and lameness in dairy goats

raised under intensive farming management.

Several bony prominences and soft struc-
tures can be palpated on the pelvic limb.
Examples include the tuber calcanei (point of
the hock joint), medial and lateral malleoli,
extensor tendons of the long and lateral digi-
tal extensor muscles, and the cranial and
caudal branches of the saphenous vein
(Figure 6.28). The lateral saphenous vein and
the dorsal common digital vein III are fre-
quently used for intravenous injection of
anesthetic drugs to obtain anesthesia of the
foot in cattle (Box 6.4).

You should be able to identify differences and
similarities between the appendicular bones
of ruminants and equine as outlined in the
relevant chapters. There is no need to iden-
tify items in italics.

A. Bones of Forelimb and Hind limb

1. Scapula (compare with horse and dog)
2. Humerus (compare with horse and
dog)

Fused radius and ulna

4. Carpus (collective term)

a. Proximal row — radial, intermedi-
ate, ulnar, and accessory (land-
mark) carpal bone.

iv. No 1st carpal

b. Distal row — fused 2nd and 3rd
carpal bones, 4th carpal bone

5. Metacarpus (collective term): (com-
pare with horse)

6. Metacarpal or metatarsal 3+4 (cannon
or large metacarpal or metatarsal
bone)

7. Intertrochlear notch

8. 5th metacarpal bone is present (meta-
carpal 5)

9. Digits IIl and IV (P1, P2, and P3)

10. Proximal sesamoids
11. Distal sesamoids
12. Dewclaws (digits I and V)

®



Cranial branch of
| lateral saphenous v.

Lateral saphenous v.

Point of the hock g
(calcanean tuber) |

Caudal branch of
lateral saphenous v.

Right hind limb showing the cranial and caudal branches of the lateral saphenous vein: lateral

view.
13. Tuber coxae = hook bone (common name) 4. Fetlock joint
14. Tuber ischia = pin bone (common name) a. Dorsal and palmar pouches
15. Femur 5. Pastern joint capsule: know that it has
16. Medial trochlear ridge in cattle (compare dorsal and palmar pouches
with small ruminants) 6. Coffin joint
17. Fibula 7. Proximal interdigital ligament
18. Lateral malleolus (compare with horse) 8. Distal interdigital ligament (P2): know
19. Tarsus (hock) function
a. Proximal tier: 9. Stifle joint:
i. Talus (compare with horse) a. Patellar ligaments (lateral, inter-
ii. Calcaneus — calcanean tuber mediate, and medial): know clini-
b. Middle tier: cal significance of medial patellar
i. Centroquartal bone (fused T4 ligament — compare the patellar
and central tarsal bone) — com- ligaments in cattle with small
pare these bones with horse ruminants
c. Distal tier: b. Know joint capsule communica-
i. T1, combined T2/T3 (compare tion and puncture sites
with horse) 10. Hock joint: know joint communication
) a. Tarsocrural joint
B. Joints b. Proximal intertarsal joint
1. Shoulder joint: know puncture location c. Distal intertarsal joint
2. Elbow joint: know puncture location d. Tarsometatarsal joint

3. Carpus: know joint communication .
C. Muscles of the forelimb

between:
a. Antebrachiocarpal 1. Brachiocephalicus m.
b. Middle carpal 2. Omotransversarius m.

c. Carpometacarpal 3. Subclavius m. (rudimentary)



4. Rhomboideus m. (hump in Zebu cattle)

Serratus ventralis m.

6. Infraspinatus m. (subtendinous infraspi-
natus bursa)

7. Biceps brachii m.

a. Independent intertubercular bursa
in the ox (compare with small
ruminants)

8. Triceps brachii

a. Subtendinous bursa

b. Inconstant subcutaneous bursa at
the olecranon

o

. Tendons and muscles in the forearm
Only the digital extensors and flexors
among the muscles of the forearm merit
notification. Three extensor tendons
(medial, middle, and lateral) can be pal-
pated side by side on the dorsal surface of
the large metacarpal bone.

1. Common digital extensor m.
a. Medial tendon
b. Lateral (middle) tendon

2. Lateral digital extensor m. Note: the
medial tendon of the common digital
extensor and the lateral digital exten-
sor tendon are sometimes called the
proper digital extensor tendons.

3. Superficial digital flexor (SDF)

Deep digital flexor (DDF)

5. Interosseus m. (study the branching
pattern: axial and abaxial extensor
branches)

B

. Muscles of the hindlimb

1. Hip region
a. Quadriceps femoris m.
b. Middle gluteal m.
c¢. Hamstring m. (biceps femoris,
semitendinosus, and semimem-
branosus muscles)
d. Gluteobiceps m. (biceps + superfi-
cial gluteal mm.)
2. Muscles of the leg (craniolateral and
caudomedial groups)
2a. Craniolateral group
a. Tibialis cranialis m.

b. Peroneus tertius m. (compare
with horse)
c. Long digital extensor m.
d. Lateral digital extensor m.
2b. Caudomedial group:
Gastrocnemius m.
SDF m.
DDF m.
Popliteus m.
Soleus m.

a0 ow

F. Nerves of the forelimb (from the bra-

chial plexus)

1. Suprascapular n.
2. Median n.
3. Palmar common digital n. /7, III, IV (iden-
tify palmar common digital n. III only)
a. Axial and abaxial palmar proper
digital nn. IIl and IV
4. Ulnar n.
5. Radial n.
a. Superficial branch
b. Deep branch
6. Dorsal common digital n. III
a. Axial dorsal proper digital nn. III
and IV

. Nerves of the hind limb (from lum-

bosacral plexus)

1. Obturator n. (know clinical significance)
2. Femoral n. (know clinical significance)
3. Sciatic n.
a. Tibial n. (medial and lateral plan-
tar n.)
b. Common peroneal or fibular
(superficial and deep peroneal nn.)
4. Superficial peroneal (fibular) n.
a. Dorsal common digital n. III
b. Axial dorsal proper digital nn. III
and IV
5. Deep peroneal (fibular) n.
a. Dorsal metatarsal n. 111
6. Plantar common digital n. III (from
medial plantar n.)
a. Axial plantar proper digital nn. III
and IV



H. Main arterial blood supply of the fore-

limb (mainly from the palmar side)

1. Axillary a.

2. Brachial a

3. Median a. (radial a.)

a. Palmar common digital a. III (largest)
— axial palmar proper digital arteries
I and IV (follow them in the interdigi-
tal space of forelimb)

Main arterial blood supply of the hind

limb
1. Dorsal aspect of the hind limb
2. Cranial tibial a.
3. Dorsal pedal a.
4. Dorsal metatarsal a. III (travels from
dorsal to plantar aspect through inter-
trochlear notch and anastomoses with
the plantar common digital a. III from
the saphenous a.)
5. Plantar aspect of the hind limb
a. Saphenous a. (medial and lateral
plantar branches)

b. Medial plantar a. (largest)
plantar common digital a. III (joins
with the dorsal metatarsal a. III)

J.

K.

c. Axial plantar proper digital arter-
ies III and IV (follow them in the
interdigital space of hind limb)

Veins (forelimb)

1. Cephalicv.
2. Accessory cephalic v.
a. Dorsal common digital v. III: know
clinical significance

Veins (hind limb)

1. Lateral saphenous v.
a. Cranial branch of lateral saphen-
ous V.
i. Dorsal common digital v. III:
know clinical significance

. Digits (sagittal section)

. Navicular bone

. Digital cushion

. Interdigital insertion of SDF and DDF

. Proximal interdigital ligament

. Distal interdigital ligament

. Interdigital fat pad

. Hoof wall and sole (hoof)

. White line (junction of the wall and
sole)

O N ON UL W



The time frame for dissection of a goat
cadaver will be determined by your instruc-
tor based on your course contents and sched-
ule. The dissection plan described requires a
minimum of nine labs.

When dissecting the limbs, the first lab
covers the musculoskeletal system while the
second lab covers the blood vessels and
nerves. Dissection of the neck and body cavi-
ties (thorax, abdomen, and pelvis) are com-
pleted as one unit in four sequential labs.
Organs and structures in the thorax, abdo-
men, and pelvis should be studied first in situ
(for topography) and later as isolated viscera
(for more detailed study of the heart, abdom-
inal viscera, and isolated male and female
reproductive tracts).

Each group of six students should have one
goat or sheep. From here on, we refer to
the goat, but the sheep is very similar. We
would like the even numbered groups to
open the right side of the animal and the
odd numbered groups to open the left
side.

You may use a large knife for some of the
skinning, but we suggest using no. 20 or 22

scalpel blades and handle no. 4 for most of
the dissection (see video 10).

It is very important for you to follow each
step of these directions and see all the
structures listed on your lab ID before
moving on. We move quickly through the
ruminant anatomy so get as much as you
can out of each lab.

Lay the goat on its side on the table and
have someone pull the thoracic limb you
will be removing away from the body.
Using a sharp knife or scalpel, cut through
the skin and muscles just behind the tho-
racic limb. You will feel the blade against
the ribs when you are deep enough.
Extend the cut behind the thoracic limb
from the dorsal midline down close to the
sternum.

Turn the blade so that it lies flat against the
body wall and cut the deep and superficial
pectorals from caudal to cranial as close to
the sternum as possible (Figure A.1).
When you reach the level of the thoracic
inlet, turn the blade and cut dorsally in
front of the limb.

Return to your ventral cut and sever any
remaining brachial plexus or axillary blood
vessels on the medial side of the limb.
Finally, cut through the attachments of the
serratus ventralis muscle on the deep sur-
face of the scapula and the remaining
rhomboideus muscle attachment at the
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Outline of skin incisions for removal of forelimb and hind limb and reflection of the skin off the

neck and flank.

dorsal border of the scapula. Now you will
be able to remove the thoracic limb.

The instructor will provide you with a plastic
bag to place the limb for further dissection
later.

Have someone elevate the pelvic limb that
is to be removed to allow the dissector
good access to the inguinal area with his or
her blade (Figure A.1). A knife would be
the best tool to use here.

The purpose of the first cut is to sever the
adductor muscles where they attach to the
pelvic symphysis. Incise the skin between
the legs just lateral to the midline on the
side you will be removing (Figure A.1).

If you have a male, be careful not to cut the
penis. The penis should remain with the
pelvis when the limb is removed.

Make a deep cut dorsally through the
adductor muscles with the person elevat-
ing the limb lifting as the cut is made to
open the space between the limb and the
pelvis.

If the initial cut is made correctly, you
should feel the knife hit the bottom of the
pelvis or possibly the acetabulum (review
this area on a skeleton). Use your blade tip

to find the bottom of the hip joint and cut
into it. When you find the joint, you will
probably see synovial fluid. Also, as you
cut the ligament of the head of the femur
you will find the leg much easier to
elevate.

At this point the hard work is done. Cut the
lateral thigh muscles from the pelvis, leav-
ing some muscles covering the sacrosci-
atic ligament.

Once the hind limb is free, put it in the
plastic bag with the thoracic limb or in a
separate bag for later dissection.

Now it is time to skin your specimen.
Because of the rapid pace we will be mov-
ing at, we are going to skin the entire left/
right side.

Make a skin incision just behind the ear
from the dorsal midline to the ventral sur-
face of the neck (Figure A.1).

Make another skin incision along the ven-
tral midline connecting your first cut on
the ventral neck and extending all the way
back to the inguinal area. There will be big
holes in your skin where the thoracic and
hind limbs used to be.



As you continue the skin incision back
toward the inguinal area, cut lateral to the
penis if you have a male or lateral to the
udder if you have a female.

Join the ventral incision in the inguinal
region with the cut you made to remove
the pelvic limb (Figure A.1).

Now you should remove the skin, folding it
dorsally and exposing the neck, thorax,
and abdomen. Do not worry about the
cutaneus trunci which should remain with
the skin.

Reflect the skin to just a little beyond the
dorsal midline, and leave it attached to the
body. The skin will help hold in moisture
when you put the cadaver away.

Now it is time to see some anatomy!

A.2.3.1 Neck

Clean the superficial neck fascia. The
external jugular vein lies in the jugular
groove. Identify the muscular boundaries
for the jugular groove. In the goat, the jug-
ular groove is bounded by the sternoman-
dibularis (sternozygomaticus) muscle
ventrally, and the cleidomastoideus mus-
cle (distal part of the brachiocephalicus
muscle) dorsally.

The sternomandibularis muscle is com-
monly referred to as the sternozygomati-
cus muscle in the goat as it attaches to the
zygomatic arch (see Figure 1.20 in
Chapter 1).

The sternomandibularis muscle is absent
in the sheep, making the jugular groove
less distinct in this species.

You should see another muscle lying deep
to the external jugular vein in the cranial
part of the neck. This muscle is the sterno-
mastoideus. Find the sternomastoideus
muscle where it divides from the ster-
nomandibularis muscle in the middle of
the neck. The sternomandibularis and
sternomastoideus form the sternocephal-
icus muscle.

Cut the sternomastoideus muscle just
beyond its origin and reflect it dorsally to
reveal the carotid sheath. By now, you

should know what is in the carotid sheath.
Identify its main contents (the common
carotid artery and vagosympathetic
nerve trunk) and move on.

Now you are ready to open the thorax and
abdomen. Remember we said we were mov-
ing fast! (see video 10 if you have not already
done so.)

Identify the following nerves on the thoracic

wall:

— Long thoracic nerve (see Figure 2.7 in
Chapter 2). This is a motor nerve that
supplies the serratus ventralis muscle.

— Intercostal nerves, arteries, and veins.
The intercostal vessels and nerves fol-
low the caudal border of the ribs. You
may see them better from the interior of
the ribs when you reflect the rib cage
dorsally.

Surgical incision into the thorax should be
made in the middle of the ribs away from
the caudal border to avoid damaging the
intercostal neurovascular bundle.

Using Figures 2.6 and 2.7, quickly identify
the muscles on the lateral wall (some are
cut with the forelimb). Because of time,
your instructor may decide to skip the
identification of these muscles as they have
little clinical relevance. However, under-
stand that rupture of the serratus ventra-
lis muscle in cattle could result in
displacement of the scapula dorsally above
the vertebral column. This condition is
commonly known as “flying scapula.”
Remove all the muscles over the ribs expos-
ing their sternal attachments ventrally.

Next, remove as much epaxial musculature
(see Figure 2.6) as you can to expose the
proximal ends of the ribs. This includes the



longissimus and iliocostalis systems pri-
marily. There is no need to identify these
muscles by their individual names.

Find the first rib by looking just caudal to
the remnant of the brachial plexus.

Using a scalpel blade, expose the cranial
border of the first rib and open the thoracic
inlet. There should be copious amounts of
embalming fluid in the pleural cavity.
Using the rib cutters provided, cut the distal
attachment of the ribs as close to the sternum
as possible. Begin at the thoracic inlet cutting
the first rib and working your way backward.
Cut any intervening tissue between each
rib as you go.

When you reach the caudal end of the ster-
num, use a blade to continue a ventral mid-
line incision through the abdominal wall
cutting back toward the inguinal region.
As with the skin incision, cut lateral to the
penis or mammary gland.

Stop your incision at the level equal to the
cranial surface of the hind limb still
attached to the opposite side of the animal.
The goal here is to avoid cutting into the
spermatic cord, mammary gland, or super-
ficial inguinal ring.

Next, make an incision perpendicular to
your ventral incision dorsally towards the
back of the animal.

You have essentially created a giant flap
now, which we will elevate to see the left or
right thoracic and abdominal cavities as
seen in Figure A.2 and video 10.

Now use the rib cutters to cut the proximal
shaft of the ribs as close to the thoracic ver-
tebrae as possible (Figure A.2). Do not cut
the tissue between the ribs. The aim is to
leave the ribs attached.

With someone pulling up on the body wall
flap, cut the diaphragm free from its
attachment to the body wall. This part
sounds much easier than it is, but take
your time and you will get it right.

As you cut the diaphragm free, you should
be able to fold back the entire body wall to
reveal the thoracic and abdominal organs
in situ (Figure A.2).

Study the surface landmarks on the thoracic
wall including the basal border of the lungs
and diaphragmatic line of pleural
reflection.

A.2.5.1 ThoracicLandmarks

A.2.5.1.1 Basal Border of the Lungs

The basal border of the lungs is defined as
the most caudal extent of the lungs. Lung
sounds should be listened to cranial to this
line. Review the boundaries of the basal bor-
der of the lungs in the ox, goat, and sheep as
outlined in Chapter 2.

A.2.5.2 The Diaphragmatic Line of Pleural
Reflection

This line represents the most caudal extent
of the pleural cavity where the costal parietal

Diaphragm

Opening of the thorax and abdomen: right lateral view. Make similar incisions on the left side.



pleura becomes the parietal diaphragmatic
pleura, or vice versa. A needle inserted cra-
nial to the line is in the pleural cavity and a
needle puncture caudal to the line is in the
peritoneal cavity. Review the boundaries for
the diaphragmatic line of pleural reflection
as outlined in Chapter 2.

Study the ribs and thoracic vertebrae using
articulated skeletons in lab. Compare the
ribs of the ox with the equine. (Can you
state the difference in shape between the
bovine and equine ribs?)

You will need to identify the structures
within the thorax listed on the lab ID list.
Use Figures 2.8, 2.11, 2.12. and 2.13 in
Chapter 2 to help you.

To see the internal structures of the tho-
racic cavity, you will need first to remove
the lungs.

Remove the lungs by making your cut as
close as possible to the hilus. Avoid cutting
the vagus and phrenic nerves by reflecting
the lungs toward you as you make your cut.
The aim is to remove the lungs as one unit
with all the lobes attached to each other.
Those working on the right side will encoun-
ter a tracheal bronchus, which feeds the
right cranial lobe of the lung. Additionally,
the accessory lobe of the right lung wraps
around the caudal vena cava. To remove all
the lobes of the right lung, push this lobe out
using your fingers. If you opened the left
thorax, make sure you see the tracheal bron-
chus and right lung lobes as well.

Identify lung lobes on the left and right
sides (see Figure 2.9). Unlike equine lungs,
ruminant lungs are lobulated. Their lobe
divisions are like those of the dog. The left
lung has cranial and caudal lobes, with
the cranial lobe divided into cranial and
caudal parts. The right lung has four
lobes: cranial, middle, caudal, and acces-
sory lobes.

Identify the tracheal bronchus, a unique
feature in the right ruminant lung. It ven-
tilates the cranial lobe of the right lung
(see Figure 2.9). Review the clinical signifi-
cance of the tracheal bronchus (in the live

animal, be cautious not to obstruct the
tracheal bronchus when using an endotra-
cheal tube with inflatable cuffs during
anesthesia).

Note: You will be responsible for identify-
ing structures on both left and right sides
because of some differences. Groups work-
ing on the opposite side should exchange
tables when their dissection is complete.
Using the lab ID list and appropriate fig-
ures in the book will help you move
through the dissection more efficiently.

A.2.5.2 Nerves and Vessels Within

the Thorax

After you have removed the lungs, use your
forceps to carefully remove the parietal
pleura and any fat (no scalpel).

Using the lab ID list and with the help of
Figure 2.8, study the structures within the
thorax. Those who are working on the left
side should identify the thoracic duct before
starting to look for other structures (ask your
instructor for help). The thoracic duct is very
delicate. Preserve this structure for the other
group to see.

Thoracic surgery in ruminants is not com-
mon. Most of the structures in the ruminant
thorax are like those you have seen in the dog
and horse with few differences. Identify the
following structures:

Caudal mediastinal lymph node. The
caudal mediastinal lymph node is elon-
gated in shape and is in the caudal medi-
astinum between the descending aorta
and esophagus (see Figure 2.8). Review
the clinical significance of this node as
discussed in Chapter 2. It is not necessary
to identify other nodes.

Phrenic nerve. The phrenic nerve is a
motor nerve to the diaphragm. Find the
nerve running across the lateral surface
of the heart within the parietal mediasti-
nal pleura (see Figure 2.8). Clean the
nerve and follow the nerve to its destina-
tion on the diaphragm. The phrenic
nerve originates from the ventral spinal
branches of C5-C7.



Vagus nerve. Identify the ventral and
dorsal vagal trunks (see Figure 2.13).
Left recurrent laryngeal nerve (see Figure
2.11).
Sympathetic trunk (see Figure 2.13).
Cervicothoracic ganglion (CTG) (see
Figure 2.12).
Brachiocephalic trunk (see Figures 2.11,
and 2.15a).
Pulmonary trunk (see Figure 2.15a).
Cranial vena cava (see Figure 2.15b).

Caudal vena cava (see Figure 2.15b).

Left azygos vein (see Figures 2.11 and
2.15a). This vein drains into the coronary
sinus in the right atrium. The dog and
horse do not have a left azygos vein but
cattle, sheep, goats, and swine do. A right
azygos vein is usually present in rumi-
nants and sometimes in pigs.

Right azygos vein.

Thymus (young animal) — may be seen
in the neck.

Longus colli muscle.

Thoracic duct (See Figures 2.8 and 2.11).

Trachea.

Esophagus.

Those who opened the right side should
mark the structures on this side with words
“right side” on their ID list.

The abdominal discussion for the left will

use the same approach and mark the struc-

tures on this side with the words “left side”
in front of them.

Note:

— Your instructor may ask you to skip the
abdominal wall. Study any salient points
from the abdominal wall using the figures
in Chapter 3 (see Figures 3.6, 3.8, and 3.9).

— To have some intact animals for the
exam, your instructor may ask some
groups to leave the viscera in their ani-
mals. There is still much you can observe
with the viscera in situ, but these groups
will need to mingle with their neighbors
in order to see cut organs.

The main discussion of the abdominal
contents can be found on the lab ID list in
Chapter 3. Use the figures in Chapter 3 to
study the in situ contents on your side. In
this or the next lab, you will remove the
abdominal organs and examine them more
closely.

Work your way through the lab ID list on
the abdomen to make sure you have seen
all the relevant structures on the right and
left sides.

Now it is time to remove the head by sawing
at the C3 level. Store the head in the plastic
bag provided.

Cleanup: You will be provided with either
a plastic bag or sheet with which to wrap
your animal. Make sure you wet your spec-
imen before you wrap it up and use the
body wall flap you made to cover the
exposed viscera.

Use the time in the next lab to follow on
with the ID list. Use the extirpated abdom-
inal viscera (gastrointestinal tract-liver,
spleen—kidney) and pelvic viscera (male
and female reproductive tracts) for closer
inspection and discussion with your group
and the instructor.

Your goal is to dissect structures on the
medial and lateral sides of the pelvis and on
isolated reproductive viscera. Your instruc-
tor should provide you with isolated male
and female genitalia for detail study.

After you have removed the abdominal vis-
cera, cut the pelvis from L6 and store in a
plastic bag.

Use a sagittal section to study the perito-
neal pouches (see Figure 4.3a). Clean the
fat from the pelvis and remove the perito-
neum to isolate the vessels and nerves on
the medial side. Make sure that you follow
the branches of the internal iliac artery
and identify the obturator and pudendal
nerves. The internal iliac artery is very
long in ruminants compared to the equine



species. It courses caudally most of the
length of the pelvis before it divides into
the caudal gluteal and internal pudendal
arteries (Figure 4.10 a-b). Identify these
terminal branches of the internal iliac
artery. In the middle of the pelvic cavity,
the internal iliac artery gives the prostatic
artery in the male and vaginal artery in the
female. Do not attempt to dissect other
minor branches.

Transect the gluteal muscles off the lateral
side of the pelvis to demonstrate the sacro-
sciatic ligament and some of the struc-
tures passing through the greater and
lesser ischiatic foreman (go back to
Chapter 4 to review this part).

Those who worked on the male should
exchange cadavers with those working on
the female cadaver.

Use the lab ID instructions and the figures
in Chapter 4 to study male and female gen-
ital tracts. On an isolated male tract, make
sure you identify the bends of the sigmoid
flexure, retractor penis muscle, dorsal
nerve of the penis, and the urethral pro-
cess. On the female tract, identify the ova-
ries, uterine horns, cervix, vagina, and
vestibule. Identify the clinically important
suburethral diverticulum in the cranial
vestibule.

You will be provided with goat and bovine
heads cut into two equal halves. Use half
for muscles and the other half for blood
vessels, nerves, salivary glands, and lymph
nodes. For sake of time, your instructor
may opt to prepare prosections of the head
and demonstrate this lab.

Skin the head carefully. Leave a small zone
of the skin around the eyes, mouth, ears,
nose, and horns. You may be asked to pre-
serve or remove the cutaneous muscles of
the head.

With the help of Figures 1.10, 1.17, and
1.18, identify the structures listed on the
lab ID list on lateral and medial views.

Use time in lab 6 for the study of the muscu-
loskeletal system and lab 7 for the study of
blood vessels and nerves.

Skin the entire limb from scapula to the
digits.

Try to preserve the cephalic and acces-
sory cephalic veins, and the superficial
branch of the radial nerve. The dorsal
common digital nerve III is the distal
continuation of the superficial branch of
the radial nerve.

Refer to figures and instructions (in italics)
in Chapter 5. Use the lab ID list for the
forelimb and hind limb.

Follow the same scheme as for dissection of
the forelimb (lab 8 for the musculoskeletal
system and lab 9 for blood vessels and
nerves).

Skin the entire limb from proximal femur
to the digits.

Try to preserve the medial saphenous
vein, saphenous nerve, and saphenous
artery on the superficial surface of the gra-
cilis muscle (see Figure 6.10). On the lat-
eral side, preserve the cranial and caudal
branches of the lateral saphenous vein
(see Figure 6.20). Preserve the superficial
branch of the common peroneal nerve
and its continuation as the dorsal com-
mon digital nerve III, and dorsal com-
mon digital vein III (see Figure 6.20).
Study the major muscles, nerves, and
blood vessels using the lab ID list, figures,
and instructions in Chapter 6.
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a

abaxial dorsal proper digital nerves 248
abaxial palmar digital nerve IV 212
abaxial palmar proper digital nerve III 212
abdominal tendon 99
abdominal wall 95

abducent nerve (CN VI) 30, 36
abomasal groove 116, 122
abomasal volvulus 124
abomasum 105, 110, 121
accessory carpal bone 177, 196
accessory cephalic vein 206
accessory gluteal muscle 228
accessory lung lobe 74
accessory nerve 37, 54 56
accessory pancreatic duct 130
accessory sex glands 144
acetabular fossa 218

acromion 174

adductor muscles 231

adnexa 144

alar foramina 51

ampulla 158

ampullary glands 157
anconeal process 177
anconeus muscle 192

annulus 25

ansa axillaris 209

ansa subclavia 81
antebrachium 177

anterior chamber 49
antimesenteric vessels 128
aorta 79

aortic arch 76, 85

aortic hiatus 78

aortic semilunar valve 88

apical ligament 146

area for lung auscultation 67

artery of the bulb of the penis 152
artery of the penis 152

articular disc 24

arytenoid cartilage 43

ascending colon 105, 122

ascending duodenum 122, 125
atlantoaxial joint 51
atlantooccipital joint 51

atlas 24, 51

atria 82

atrioventricular valves 88

atrium ruminis 119

auricles 83

auricular surface (heart) 82
auriculopalpebral nerve 36, 37

axial dorsal longitudinal groove 223
axial dorsal proper digital nerve 248
axial dorsal proper digital nerves III and

IV 209, 249

axial palmar proper digital arteries III and
IV 205,212

axial plantar proper digital arteries III and
IV 241

axial plantar proper digital nerves III and
IV 249

axial skeleton 2
axillary artery 77,78
axillary lymph nodes 207
axis 51

b

baby teeth 16

basal border of the lungs 66
basihyoid bone 45
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bicarotid trunk 77

biceps brachii muscle 192
biceps femoris muscle 228
bile duct 130

body (shaft) of the ilium 140
body of the mandible 4
bony rim of the orbit 4
border of the lung 67
brachial artery 204
brachialis groove 176
brachialis muscle 193
brachiocephalic trunk 76, 77, 85
brachiocephalicus muscle, 54, 182
brachium 176

broad ligament 157

broken mouth 22

buccal branches 37
buccinator muscle 28

bulbar conjunctiva 45

bulb of the penis 145, 150
bulbospongiosus muscle 146
bulbourethral glands 157
butcher’s bible 121

C

calcanean bursae 238

calcanean tuber 237

calcaneus 222

calyx 133

canines 16

cannon bone 179

cardia 111,116

cardiac glands 123

carotid sheath 31

carpal hygroma 200
carpometacarpal joint 179
caruncles 159

caudal auricular artery 32

caudal auricular nerve 5

caudal compartment of the frontal sinus 13
caudal duodenal flexure 122, 124, 125
caudal gluteal artery 152, 239, 141
caudal gluteal nerve 141, 243
caudal groove 116

colic 136

caudal laryngeal nerve 37,57, 81
caudal mediastinal lymph nodes 80
caudal mediastinum 74

caudal mesenteric artery 135

caudal mesenteric lymph nodes 137

caudal mesenteric vein 136

caudal pillar 119, 120

caudal superficial epigastric vein 78

caudal tibial artery 240

caudal tibial muscle 238

caudal vena cava 75, 85, 135

caudal vertebrae 140

caudate process of the caudate lobe of the
liver 111

caudodorsal blind sac 116

caudoventral blind sac 116

caval foramen 77

cecocolic orifice 122

cecum 122,128,129

celiac artery 135

celiac lymphocenter 136

cement 17

central flexure 122, 124, 129

central tarsal bone 222

centrifugal coils 122, 124, 129

centripetal coils 122, 124, 129

centroquartal bone 223

cephalic vein 206

ceratohyoid bone 45

cervicothoracic ganglia 81

cervix portio vaginalis 159

cheek teeth 16

chordae tendineae 86, 87

choroid 47

ciliary body 47,49

ciliary muscle 48

ciliary processes 49

circumflex branch of left coronary
artery 87

cisterna chyli 78

clavicular intersection 54

cleidobrachialis muscle 54, 183, 182

cleidocephalicus muscle 182, 183

cleidomastoideus muscle 54, 182, 183

cleidooccipitalis muscle 54, 182

clitoral fossa 162

cochlea 222

coffin bone 180, 181

coffin joint 181

colon 128

common calcanean (Achilles) tendon 237, 238

common carotid artery 31, 57,77
common digital extensor muscle 194



common extensor tendon of digits III and

IV 194

common fibular (peroneal) nerve 243, 245

conjunctiva 47

conjunctival sac 45
connecting pleura 73
constrictor pupillae 48

conus arteriosus 84
coracobrachialis muscle 192
cornea 47

cornual artery 5, 32

cornual diverticulum 9, 14
cornual nerve 5, 36, 38
cornual process 3, 4
coronary circulation 75
coronary groove 16, 84, 87,116
coronary sinus 75, 77, 85, 86
coronoid process 9

corpora nigra 48

corpus cavernosum penis 144
costal cartilage 66
costocervical trunk 77
costochondral junction 66
costodiaphragmatic recess 69
cotyledonary 159

cranial flexure 125

cranial gluteal artery 239, 141, 243
cranial groove 116

cranial laryngeal nerve 37,57
cranial lung lobe 74

cranial mediastinum 74
cranial mesenteric artery 135
lymphocenter 136

cranial mesenteric vein 136
cranial nerves 36

cranial part of the duodenum 122
cranial pillar 119

cranial sac 116, 119

cranial superficial epigastric vein 78
cranial tibial artery 240

cranial tibial muscle 233, 235
cranial vena cava 75,77
cremaster muscle 154
cricoarytenoideus dorsalis muscle 29
cricoid 43

cricopharyngeus 29

crown 17

crura 145

retinacula 237

crural extensor retinacula 234

crus 145

cusps 87

cutaneus colli muscle 98

cutaneus faciei muscle 25, 26, 27, 98
cutaneus omobrachialis muscle 69, 95, 182
cutaneus trunci muscle 69, 95, 182

d

deciduous incisors 22

deep antebrachial fascia 194

deep artery of the penis 152

deep cervical lymph nodes 34

deep circumflex artery 135

deep digital flexor muscle 198, 237, 238

deep gluteal muscle 227, 228

deep leaf of the greater omentum 107, 109

deep pectoral muscle 182

deep peroneal nerve 240, 245

deltoideus muscle 190

deltoid tuberosity 176

dens 51

dental pad 3,17, 19

dentin 17

depressor labii inferioris muscle 28

descending aorta 76

descending colon 122,129

descending duodenum 122

descending pectoral muscle 185

dewclaws 180, 224

diaphragmatic line of pleural reflection 66, 67

diastema 17,20

digastricus muscle 28

digital joints (fetlock, pastern, and
coffin) 249

dilator pupillae muscle 48

distal bend of the sigmoid flexure 149

distal digital annular ligament 201

distal (metatarsal) extensor retinaculum 237

distal interdigital ligament 201

distal intertarsal joint 250

distal loop 124, 129

distal paravertebral nerve blocks 96, 97

distal sesamoid bone 180

dorsal artery of the penis 152

dorsal axial longitudinal groove 179

dorsal axial proper digital nerves III and
IV 211

dorsal branch of the accessory nerve 37



dorsal buccal branches (facial nerve) 32, 36,
37

dorsal commissure 164

dorsal common digital nerve III 209, 248,
249

dorsal common digital nerves IT and III 209

dorsal common digital nerves II, III, and
IV 248

dorsal common digital vein III 206, 242

dorsal (right and left) coronary pillars 116,
119, 120

dorsal mesogastrium 105

dorsal metatarsal artery III 240

dorsal metatarsal nerve III 246

dorsal nerve of the penis 148

dorsal pedal artery 240

dorsal sac 116

dorsal vagal trunk 81

ductus deferens 154

duodenocolic fold 122, 125

duodenojejunal flexure 122, 125

duodenum 124

e

elbow joint 176, 177

enamel 17

endothoracic fascia 73

epaxial muscles 70

epicardium 82

epiceras gland 38

epidural 98

epiglottis 43

epihyoid bone 45

epiploic foramen 109, 110, 111

esophageal hiatus 81

ethmoid meatuses 13

extensor carpi obliquus muscle 195

extensor carpi radialis muscle 194

extensor groove 221

extensor process 180

extensor retinaculum 200

external abdominal oblique 98

external carotid artery 32

external iliac artery 152, 239

external intercostal muscles 69

external jugular vein 33, 57

external lamina of the prepuce 150, 151

external (outer or superficial) lamina of rectus
sheath 103

external occipital protuberance 7

external pudendal artery 167, 168

external pudendal vein 168

external urethral orifice 146

external uterine (or cervical) ostium 159, 105
extraocular muscles 27

extrinsic laryngeal muscles 29

extrinsic lingual muscles 30

f

facial artery 32, 40

facial nerve (CN VII) 28, 36

facial tuberosity 3,4

facial vein 33, 40

fascia lata 227,228

fat pad 45

femoral artery 239

femoral nerve 243, 244

fetal cotyledon 159

fetlock joint 180
fibrocartilaginous joint 25
fibroelastic type 144

fibrous pericardium 82

fibrous tunic 47

fibula 221

fibularis (peroneus) longus muscle 233, 36
fibularis (peroneus) tertius muscle 233, 234
flexor carpi radialis muscle 196
flexor carpi ulnaris muscle 196
flexor manica 198, 201

flexor retinaculum 200

fold of the flank 182

foramen magnum 7

foramen orbitorotundum 6, 36, 39
forestomach 111

fornix 45

fossa 41

fossa linguae 41

fossa ovalis 85, 86

fourth carpal bone 179

fourth digit 180

fourth tarsal bone 222

fovea capitis femoris 218
freemartin 159

free part of the penis 148, 150
frontal bone 4

frontalis 28

frontal process of the zygomatic bone 5
frontal sinus 9, 13



frontal vein 4, 33

fundus 49

fundus of the abomasum 112
Furstenberg’s rosette 166

fused interosseus IIl and IV 198

fused second and third carpal bones 179

9
gallbladder 130

gastric (or esophageal) groove 116, 120, 122
gastric lymph nodes 136
gastrocnemius muscle 237, 238
gastroduodenal vein 136
geniohyoideus muscle 29

genital fold 143

genitofemoral nerve 154, 168

gland of the third eyelid 47

gland sinus 166

glans clitoris 162

glenoid cavity 174

glossopharyngeal nerve 37

glottis 44

gluteal muscles 227

gluteobiceps muscle 227, 228

gonadal (testicular or ovarian) artery 135
gonitis 250

gracilis muscle 230

great auricular nerve 37, 38, 56

great cardiac vein 86

great mesentery 125

greater ischiatic foramen 239, 141, 245
greater omentum 106, 107

greater trochanter 218

greater tubercle 176

gubernaculum testis 154

h

hair ring 150

hamstring muscles 227
hardware disease 120
hepatic artery 135

hepatic lymph nodes 136
hepatic veins 135

hilus 134

hip (or coxofemoral) joint 218, 249
hock joints 249

honeycomb appearance 116
hook 140

hornbuds 5

horn sheath 4

humeral crest 176

humeral head 196, 198

hump 55,183

hyoid muscles 27
hyopharyngeus muscle 29
hypoglossal canal 37

hypoglossal nerve (CN XII) 30, 37

1

11 (central or pincher) 17,24
12 (first intermediate) 17, 24
13 (second intermediate) 17, 24
14 24

ileal orifice 122,128

ileocecal fold 122,128

ileum 122,124,128

iliacus muscle 227

iliocostalis thoracis muscle 69
iliopsoas muscle 224, 227
ilium 140

incisive bone 4

incisors 16

infraorbital foramen 4,5
infraorbital nerve 36, 37
infraspinatus muscle 190
infraspinatus subtendinous bursa 190
infraspinous fossa 174
infratrochlear nerve 5, 38
infundibulum 158

inguinal canal 101

inguinal ligament 99
intercapital notch 223
intercondylar fossa 220
intercornual ligament(s) 158
intercornual protuberance 4,7
intercostal arteries 73
intercostal lymph node 79
intercostal nerves 72,73
intercostal veins 73
interdigital fat pad 215
intermammary groove 165
intermediate carpal bonel78
internal iliac arteries 152, 239
internal intercostal muscles 69
internal lamina of the rectus sheath 102
internal preputial lamina 150
internal pudendal artery 152
internal thoracic artery 77,78



internal uterine (or cervical) ostium 159
interosseus muscle 238
intertrochanteric crest 219
intertrochlear notch 179
intertubercular bursa 192
intertubercular groove 176
intervenous tubercle 85
interventricular septum 86
intestinal trunk 136
intrasinual lamellae 13
intrinsic laryngeal muscles 29
intrinsic lingual muscles 30
inverted L-nerve block 97,98
iridic granules 48
iridocorneal angle 49

iris 47,48

ischiatic arch 140

ischiatic tuberosities (pins) 145
ischiocavernosus muscle 145
ischium 140

isthmus 158

J

jejunal (mesenteric) lymph nodes
136

jejunum 122, 124, 125

jugular foramen 37

jugular furrow 51, 57

128, 129,

/

L1 (iliohypogastric) 94, 96
L2 (ilioinguinal) 94, 96
labial surface 17

lacrimal bone 4

lacrimal bulla 6

lacrimal gland 47
lacrimal sac 46
lactiferous sinus 166
laminae of the prepuce 150
large intestines 122

large metacarpal bone 179
laryngeal muscles 27
laryngopharynx 40
lateral branch of the median nerve 212

lateral digital extensor muscle 194, 233, 234,
235, 238
lateral epicondyle (humerus) 176, 220

lateral head of deep digital flexor muscle 238
lateral malleolus 221

lateral plantar artery 241
lateral plantar nerve 249
lateral pterygoid muscle 28
lateral retropharyngeal lymph node 34, 35
lateral saphenous vein 241, 242
lateral trochlear ridge 220
latissimus dorsi muscle 69, 182
left atrioventricular (mitral) valve 76, 86
left azygos vein 77,79, 86
left coronary artery 87
left gastric artery 135
left longitudinal groove 106, 107, 116
left recurrent laryngeal nerve 81
left subclavian artery 77
lesser ischiatic foramen 239, 141
lesser omentum 105, 106, 107, 121
lesser trochanter 218
lesser tubercle 176
levator labii superioris muscle 28
levator nasolabialis muscle 28
levator palpebrae superioris muscle 30
ligament of the head of the
femur 218,249
ligament of the tail of the epididymis 154
ligamentum arteriosum 85
limbus 47
lingual artery 32
lingual fossa 41, 42
lingual muscles 27
lingual process of the basihyoid bone 45
lingual surface 17,21
lingual torus 41
linguofacial trunk 32
long and (short) digital extensor
muscles 233, 234
longissimus thoracis muscle 69
long thoracic nerve 71
longus colli muscle 72
lower incisor teeth 19
lumbosacral plexus 243
lymphocenters 35, 136

m

major duodenal papilla 130
malaris muscle 28

mammary artery 167
mammary glands 164
mammary lymph nodes 35, 151
mandibular ducts 40



mandibular foramen 9

mandibular fossa 24

mandibular nerve 28, 36

mandibular notch 9

mandibular salivary gland 40

mandibular sublingual gland 40

manus 177

masseter muscle 25,28

maternal caruncle 159

maxilla 4

maxillary artery 32

maxillary nerve 36

maxillary sinus 10, 14

medial and lateral femoral condyles 220

medial and lateral tibial condyles 221

medial branch of the median nerve 212

medial canthus 45

medial digital extensor tendon 194, 234

medial digital flexor muscle 238

medial femoral epicondyle 220

medial head of the deep digital flexor
muscle 238

medial malleolus 222

medial plantar artery 241

medial plantar nerve 249

medial retropharyngeal lymph nodes 34

medial saphenous vein 240, 241

medial tendon of the common digital extensor
muscle 194

medial trochlear ridge 220

median artery 204

median caudal artery 61

median caudal vein 61

median common digital artery III 204

median cubital vein 206

median ligament of the bladder 143

median nerve 205, 207, 209, 212

mediastinal lymph nodes 79

mediastinal pleura 82

mental foramen 9

mental nerve 36, 37

mesial surface 17

mesoductus deferens 154, 156

mesoduodenum 111, 125

mesojejunum 122, 125

mesorchium 154, 156

mesosalpinx 158

mesovarium 158

metacarpal tuberosity 179

metatarsal (distal) extensor retinaculum 234,
237

metatarsal sesamoid 223, 224

midcarpal joint 179

middle cervical ganglion 81

middle gluteal muscle 227, 228

middle mediastinum 74

middle nasal meatus 13, 14

middle (P2) phalanges 180, 224

milk teeth 16

milk vein 78, 168

milk well 78, 168

minor duodenal papilla 130

mitral valve 76, 88

molar teeth 16

monostomatic sublingual gland 40

multi-pyramidal kidney 130

muscles of facial expression 27

muscles of mastication 27

musculocutaneous nerve 209

mylohyoideus 29

n

nasal bone 4
nasoincisive notch 4
nasolacrimal duct 46
nasopharynx 40
navicular bone 180
neck 17,66
nervous tunic 47
nuchal diverticulum 14
nuchal ligament 58
nucleus pulpous 25

(o]

oblique eye muscles 30
oblique transverse septum 13
obturator foramen 140
obturator nerve 243, 245
occipital condyles 7, 24
occlusal surface 17
oculomotor nerve (CN III) 30, 36
odontoid process 51
olecranon fossa 176
olecranon tuber 177
olfactory nerve (CNI) 36
omasal groove 116,121,122
omasal laminae 121
omasoabomasal orifice 121



omasum 105, 110, 121
omental bursa 103, 109
omohyoideus muscle 29
omotransversarius muscle 55,57, 182
ophthalmic nerve 36

optic canal 36

optic disc 49

orbicularis oculi muscle 28
orbicularis oris muscle 28
oropharynx 40

ossa cordis 87

ovarian artery 164

ovarian bursa 158

ovarian tube 157

ovary 157,158

p

palatine tonsil 40

palatoglossal arch 41
palatopharyngeal arch 41

palmar annular ligament 201

palmar axial longitudinal groove 179
palmar carpal ligament 200

palmar common digital artery III 204, 205

palmar common digital nerve III 212

palmar common digital nerves IIl and II 212

palpebrae 45
palpebral conjunctiva 45
pampiniform plexus 154
pancreatic duct 130
pancreaticoduodenal lymph nodes 136
papillary muscles 86, 87
paraconal interventricular groove 83
paracondylar processes 7
pararectal fossae 143
parasympathetic fibers 36
parietal layer of the serous
pericardium 82
parietal peritoneum 105
parietal vaginal tunic 154
parotid duct 40
parotid lymph node 34, 35
parotid salivary gland 40
pastern joint 180
patella 221
patellar ligaments 232
pecten 140
pectinate muscles 85, 86
pectineus muscle 231

pegs 22

pelvic canal 140

pelvic diaphragm 233
pelvicinlet 140

pelvic symphysis 140

pelvic tendon 99

pelvic urethra 149

penile urethra 149

penis 144

pericardial cavity 82
pericardium 82

periorbita 30

peritoneal cavity 105
permanent incisors 22
persistent frenulum 150

pes 218

pharyngeal muscles 27
pharyngeus (suffix) 29
phrenicoabdominal artery 135
phrenicopericardial ligament 82
pillars 117,119

pin 140

piriformis muscle 228
placentome 159

plane (flat) synovial joint 25
plantar common digital artery III 241
plantar common digital nerve III 249
plantar common digital nerve IV 249
plantar common digital nerves II and III
plantar longitudinal groove 223
platysma 27

pleura 73

plica vena cava 74

point of the hock 222

points for puncta maxima 67
popliteal artery 240

popliteal lymph node 242
popliteus muscle 237, 238
portal vein 135

posterior chamber 49
postorbital diverticulum 9, 14
premolars 16

prepubic tendon 103

prepuce 144

prepuce (external lamina) 151
preputial cavity 148, 150
preputial hair ring 151
preputial orifice 150, 151
promontory 140

249



pronator teres muscle 198

proper extensor tendon of digit III 194

proper gastric glands 123

proper ligament of the ovary 158

proper ligament of the testis 154

prostate gland 157

proximal digital annular ligament 201

proximal (crural) extensor retinaculum 237

proximal intertarsal joint 223, 250

proximal loop of the ascending colon 129

proximal (dorsal) paravertebral nerve
block 96,97

proximal (P1) phalanges 180, 224

proximal sesamoid bones 180

pseudo-unipyramidal 132

psoas major muscle 227

psoas minor muscle 224

pubovesical pouch 143

pudendal nerve 148, 152

pudendoepigastric trunk 168

pulmonary arteries 85

pulmonary circulation 75

pulmonary ligament 73

pulmonary pleura 73

pulmonary semilunar valves 76, 88

pulmonary trunk 76, 85

pulmonary valve 88

pulmonary veins 76

puncta maxima 66

pyloric glands 123

pyloric region 122

pylorus 122

q
quadrate liver lobes 130

r

radial carpal bone 178
radial fossa 176

radial head 198

radial nerve 207

radial tuberosity 177
radiocarpal joint 177
ramus 9

rectogenital pouch 143
rectus eye muscles 30
rectus femoris muscle 231
rectus sheath 102
rectus thoracis muscle 69

recurrent laryngeal nerve 37, 56, 57
renal arteries 135

renal cortex 134

renal crest 133, 134

renal medulla 134

renal pelvis 133, 134

renal sinus 134

rete mirabile 31

reticular groove 111,116, 120, 122
reticular mucosa 111
reticulo-omasal orifice 111,116, 121
reticulum 105, 110, 112

retina 49

retractor bulbi muscle 30

retractor penis muscle 146
rhomboideus muscle 182

ribs 2, 66

right atrioventricular valve 75, 86
right azygos vein 77

right longitudinal groove of the rumen 107
right longitudinal pillar 116

rima glottidis 44

rods 22

round ligament(s) of the bladder 143
round ligament of the liver 130
rudimentary teats 151

rumen 105,110, 112

ruminal atrium 119

ruminal pillars 119

ruminal recess 119
ruminoreticular compartment 112
ruminoreticular fold 111,116,119

S

sacrosciatic ligament 140
saphenous artery 231, 239, 241
saphenous nerve 239, 244

sartorius muscle 227, 230

scalenus muscle 69

scapular cartilage 176

scent gland 38

sciatic (or ischiatic) nerve 141, 231, 243, 245
sclera 47

scrotal (spermatic) fascia 153
scrotal lymph nodes 151
semimembranosus muscle 228, 229
semitendinosus muscle 228, 229
serrated face 175, 186

serratus dorsalis muscle 69



serratus ventralis muscle 69, 182 superficial gluteal muscle 227

sheath 150 superficial inguinal lymph nodes 151, 168
short (brevis) digital extensor muscle 235 superficial inguinal ring 99

short mouth 22, 24 superficial layer of the greater omentum 106,
shoulder joint 175 107, 109

sigmoid flexure 122, 124, 125, 144, 146 superficial pectoral muscle 182

small intestine 122 superficial peroneal nerve 245, 247
smooth mouth 22 superficial temporal artery 32

soft palate 41 supracondylar fossa 221

soleus muscle 237 supracondylar tuberosities 237

solid mouth 22 supraomental recess 103, 109, 122, 128
spermatic cord 154 supraorbital canal 13

spinalis et semispinalis thoracis muscle 69 supraorbital foramen 4

spine of the scapula 174 supraorbital groove 4

spiral loop 129 supraorbital nerve 36

spleen 112 supraspinatus muscle 187

splenic artery 135 supraspinous bursa 58

splenic lymph nodes 136 supraspinous fossa 174

splenic vein 136 suspensory apparatus 166

sternal lymph node 79 sustentaculum tali 222
sternohyoideus muscle 29, 55 synsarcosis 186

sternomandibularis muscle 25, 55 systemic circulation 75
sternomastoideus muscle 55

sternopericardial ligament 82, 83 t

sternothyroideus muscle 29, 55 T13 (costoabdominal) 94, 96
sternozygomaticus muscle 25, 55 tail vein 15

sternum 2, 66 talus 222

stifle joint 218, 221, 249 tapetum lucidum 49

stylohyoid bone 45 tarsocrural joint 223

styloid process of the radius 177 tarsometatarsal joint 250

styloid process of the ulna 177 teat 165

stylomastoid foramen 37 teat canal 166

stylopharyngeus muscle 29 teat orifice 165

subclavian artery 77 teat sinus 166

subclavius muscle 182 temporal line 4,5,6

subcutaneous abdominal vein 168 temporal muscle 28

sublingual caruncle 40 temporal process of the zygomatic bone 4
sublingual salivary gland 40 temporomandibular joint 9
subscapular fossa 175 tensor fasciae antebrachii muscle 192
subscapularis muscle 191 tensor fasciae latae muscle 227
subsinuosal interventricular groove 84, 87 teres major muscle 191

subtendinous bursa of the triceps brachii 192 teres minor muscle 190
subtendinous calcanean bursa 238 testicular vein 154

suburethral diverticulum 162 third metacarpal bone 179
superficial branch of the radial nerve 209 thoracic inlet 67

superficial cervical artery 77,78 thyroarytenoideus muscle 29
superficial cervical lymph nodes 54, 55, 184 thyrohyoid bone 45

superficial digital flexor muscle 198, 237 thyrohyoideus muscle 29

flexor manica 198 thyroid gland 57



thyropharyngeus muscle 29
tibia 221

tibial nerve 237, 243
tibial tuberosity 221, 232
tibiotarsal joint 250

torus linguae 41, 42

torus pyloricus 122, 123
trabeculae carneae 86

trabecula septomarginalis 86

tracheal bronchus 74
tracheobronchial lymph node
transverse colon 122,129
transverse facial artery 32

transverse humeral retinaculum 192, 200
transverse pectoral muscle 185

trapezius muscle 37, 182
triceps brachii muscle 191
tricuspid valve 86
trigeminal nerve 36

trigone of the bladder 150, 151

trochanteric bursa 228
trochanteric fossa 219
trochlea of the femur 220

trochlear nerve (CN IV) 30, 36

trochlear notch 177

tuber calcaneus 222
tunica albuginea penis 144
tunica dartos 153

tunica flava abdominis 98

u

ulnar carpal bone 177
ulnar nerve 207, 212
ulnaris lateralis muscle 194
umbilical artery 152
umbilicus 151

ureters 143

urethral process 146, 148
uterine artery 152, 164
uterine tube 158
uterus 157

uvea 47

v

vagina 157

vaginal artery 164

vaginal fornix 159

vaginal tunic 101, 154

vagosympathetic trunk 37, 56, 57, 81

vagus nerve 29, 37

vastus intermedius muscle 231

vastus lateralis muscle 231

vastus medialis muscle 231

vela abomascia 121, 122

ventral branch of the accessory nerve 37

ventral buccal branches of the facial nerve 37

ventral commissure 164

ventral (right and left) coronary pillars 116,
119,120

ventral mesogastrium 105

ventral sac of the rumen 116

ventral vagal trunk 81

vertebral artery 77

vertebral column 2

vertebral formula 15

vesicogenital pouch 143

vesicular glands 157

vestibule 157

vestibulocochlear nerve 37

visceral layer of the serous pericardium 82

visceral peritoneum 105

visceral (pulmonary) pleura 73

vitreous body 49

vitreous chamber 49

vocal fold 43

vulva 157

w
wings of the atlas 51

z

zonular fibers 49

zygomatic arch 4

zygomatic bone 4

zygomatic process of the frontal bone 5
zygomatic process of the temporal bone 4



