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Preface to the Fourth Edition

This edition is the first to have been prepared without
the participation of Wolf Sack who sadly died in 2005.
While we have greatly missed the energy, enthusiasm,
and commitment that he would have brought to the task
of revision, the more painful loss is the friendship that
we enjoyed for so many years. We would like to dedicate
this edition to his memory.

Turning now to happier matters, the newly acquired
license to introduce color to the text pages has provided
both the opportunity and the stimulus to review the
body of illustrations. Many of the old black-and-white
drawings are now presented in fresh form; others have
been replaced by photographs of the specimens from
which they were prepared. Many photographs formerly
banished to distant plates have been brought home to
their proper contexts, while various other photographs
and images have been supplemented or replaced by
more satisfactory examples. We are immensely grateful
and indebted to those who made these improvements
possible. It has been a particular pleasure to work with
Maartje Kunen and Rogier Trompert, the artists who
produced the colored versions of the drawings.

We are also grateful to the technical staff of the
Veterinary Anatomy Department at Utrecht who pre-
pared the dissections and to Dr. Ben Colenbrander, who
generously provided many new illustrations. Dr. G.
Voorhout and Dr. A. van der Belt of the Veterinary
Radiology Department in Utrecht provided a large
number of replacement radiographs for use in the car-
nivore and horse chapters.

The text has been revised with the twin aims, not
always easily reconciled, of reducing the demands made
of the student reader while adapting the content to the
changing needs of general practice. We have shorn some
sections of material probably superfluous to basic
requirements. This mainly affected certain chapters of
the first part and, in the second part, those devoted to
the production animals for which herd medicine now
tends to dominate over treatment of the individual.
New material has been introduced into the chapters
dealing with the horse, avian anatomy and, most espe-
cially, with the companion species. To ensure the rele-
vance of the revision, we invited certain colleagues to
review and provide advice on the chapters relating to
their special fields of interest. Those who accepted these
invitations and provided this much valued assistance are
specifically acknowledged on the contributor page.

In an age in which up-to-date information is so
readily available, it seems unnecessary to continue to

burden the text with references to a literature that is
evolving so rapidly.

We have now accumulated so many benefactors that
it seems almost inevitable that we have failed to give
specific acknowledgment everywhere it was due. We
hope any we have failed to recognize will forgive our
lapse and be assured of our gratitude.

Finally, and certainly not least, we have to thank Dr.
Jo Zuketto for assistance, generously offered and eagerly
accepted, with computer matters. His arcane skills trans-
formed many illustrations and wondrously combined
text and figures, old and new, in a fashion that we could
never have achieved without his help. In periods of the
ill health of one of the authors, he really helped to keep
the process moving and he also kept our spirits up.

K.M. Dyce
C.J.G. Wensing'

The Preface printed above accompanied the completed
typescript. Now, only a short time later, it is sadly neces-
sary to record the death of Cees Wensing who died in
May 2009 after a long battle with illness fought with
inspiring courage. Amongst other innovations Cees had
made himself responsible for the comprehensive revi-
sion and renewal of the illustrations, and he was eager
to see this edition, which so clearly bears his imprint,
through to publication.

Even when it had become evident that this was
unlikely, he worked on with undiminished determina-
tion, and he was busy correcting proofs only a few days
before he died. He greatly appreciated the help and
support he received from family and friends, and it is
testimony to the high regard in which he was held that
two of these friends, Jo Zuketto and Ben Colenbrander,
whose help had been unstinted while he lived, should
have undertaken to continue to assist with correction of
the proofs.

His role with this book was only a small part of his
achievements, especially as Director of the Research
Institute at Lelystad—Central Veterinary Institute, later
called 1D-Lelystad, now called Animal Science Group.
He will be missed greatly.

I now regard this edition as dedicated to the memory
of both departed friends and colleagues.

K.M. Dyce

‘Deceased.



Preface to the First Edition

What one does not understand one does not possess.—Goethe

A few words in explanation of the purpose and
arrangement of this book may not be out of place. It is
intended to meet the needs of the veterinary student,
providing first that general knowledge of mammalian
structure that is indispensable to the understanding
of the other basic sciences, and secondly the more
detailed information that is directly applicable to the
practice of veterinary medicine. Though we shall
naturally be pleased if others find our book useful,
we have regarded the interest of the student reader as
paramount.

The dual role of anatomy determined the division of
the book into two parts. The first part comprises ten
chapters, one a general introduction, the others devoted
to the various body systems. For these we have taken as
our model the dog, the animal best suited to this purpose
by its relatively unspecialized anatomy and its wide-
spread use as the initial dissection subject. We allude to
the salient differences found in other domesticated
species but do not dwell upon them at this time when
our concern is to emphasize general concepts and func-
tion rather than specific details. The remarks on devel-
opment are intended to elucidate the broad features of
adult anatomy and do not profess to provide a complete
amount of this branch of our subject. Since these chap-
ters deal largely with elementary, well-established, and
noncontroversial matters, we decided that it would be
an affectation to embellish them with references to the
literature.

The second part of the book presupposes a working
knowledge of the first. It consists of several series of
chapters, each series dealing with the regional anatomy
of a particular species—or group of species since we
have accommodated the cat with the dog, the small
ruminants with cattle. This part seeks to emphasize
those features and topics that have direct relevance to
clinical work. Though the several chapters that deal
with the same region of the body of different animals
follow a common plan, they do so only loosely; we have
expanded, curtailed, and diversified the accounts
according to our perceptions of contemporary clinical
concern with different species, and occasionally accord-
ing to the availability of relevant information. This

method of proceeding results in some repetition, but we
hope compensation will be found in the independence
of these chapters, which can be read or consulted in any
order and without reference to each other. Finally, there
is a single chapter on systematic avian anatomy in which
the main subject is the chicken, although some attention
is given to cagebirds and other species of veterinary
importance. Since the chapters of this second part deal
with matters of immediate practical concern, we have
furnished them with a selection of references for the
benefit of those who may wish to inform themselves
more fully.

Inevitably, the principal difficulty we encountered
when writing this book lay in the selection of appropri-
ate material from the vast array. Since in most schools,
courses of anatomy have been progressively, and some-
times savagely, shortened in recent years, there is an
obligation to identify and retain “core” material while
rigorously pruning matters of more peripheral
concern. Alas, there neither is nor can be a unanimous
view of what constitutes the “core” while the continuing
development and increasing specialization of veterinary
medicine attach significance to many details that
formerly lacked importance. The reconciliation of
these opposing pressures places both teachers and
authors in a dilemma from which there is not clear route
of escape, and, though we hope we have chosen wisely,
we anticipate that some colleagues will reproach us for
being overtimid in our culling while others will be as
ready to judge us overbold. Readers who take the former
view may find that the subdivision of the text enables
them to skim or skip judiciously; those more demand-
ing may find some consolation in the references. We
hope both groups of readers will welcome the digres-
sions from the conventional stuff of anatomy with
which we have sought to make the account more inter-
esting—for it would be folly to deny that anatomical
description does not always make the most lively
reading.

While each of us has been responsible for the initial
draft of portions of the text, the final version represents
the consensus of our views. We like to think that there
has been advantage in our having gained experience in
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a variety of schools, and we have sought to avoid Such have been our intentions. Whether they were
tailoring the text to fit any particular course too closely. well conceived or have been properly put into effect we
Problems of nomenclature receive some attention in must leave to the judgment of each reader.

Chapter 1, but it may be well to state here that we have K.M. Dyce

consistently employed anglicized versions of the terms WO. Sack
contained in the most recent (1983) version of the T
Nomina Anatomica Veterinaria. C.J.G. Wensing
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Part 1

General
Anatomy

Some Basic Facts and

Concepts

THE SCOPE OF ANATOMY

Anatomy is the branch of knowledge concerned with
the form, disposition, and structure of the tissues and
organs that comprise the body. The word, which is of
Greek origin, literally means “cutting apart,” and the
dissection of the dead is the traditional method used in
anatomy. However, anatomists employ a host of other
techniques to supplement the knowledge of gross
anatomy obtained by use of the scalpel. Details invisible
to the naked eye are revealed by light and electron
microscopy and constitute the subdivision known as
microscopic anatomy. The discipline is also extended by
the study of the stages through which the organism
evolves from conception through birth, youth, and
maturity to old age; this study, known as developmental
anatomy, is rather broader in scope than is classic
embryology, which confines its attention to the unborn.
Few anatomists are now satisfied by the mere descrip-
tion of the body and its parts, and most seek to under-
stand the relationships between structure and function.
The study of these relationships clearly merges into
physiology, biochemistry, and other life sciences; it can
be described as functional anatomy, but we prefer to
regard a functional approach as one that should pervade
all branches rather than constitute a quasi-independent
study.

This book is mainly concerned with gross anatomy,
which is a limitation justified by the general practice of
presenting microscopic and developmental anatomy
in separate courses. Nonetheless, we have allowed

ourselves to draw on microscopic and developmental
aspects when this has seemed helpful in promoting an
understanding of gross anatomy or as a means of enliv-
ening what would otherwise be a rather dry account.

The information obtained by dissection can be
arranged and organized in two principal and comple-
mentary ways. In the first, systematic anatomy, attention
1s successively directed to groups of organs that are so
closely related in their activities that they constitute
body systems with an evident common function—the
digestive system, the cardiovascular system, and so
forth. Systematic anatomy lends itself to a comparative
approach; readily combines gross, microscopic, devel-
opmental, and functional aspects; and provides the
basis for the study of the other medical sciences. More-
over, for the beginner, it is easier to understand than
regional anatomy. It is the approach employed in Chap-
ters 2 through 10.

The alternative approach, regional anatomy, is used
in the second and larger part of this book. Regional (or

‘topographical) anatomy is directly concerned with the

form and relationships of all the organs present in par-
ticular parts or regions of the body. It pays less atten-
tion to function, other than the simpler, mechanical
functions, than does systematic anatomy but obtains a
compensating importance from its immediate applica-
tion to clinical work. Because matters of detail that may
lack theoretical interest are often relevant to the clini-
cian, it is necessary to give separate consideration to the
regional anatomy of the different species. Regional
anatomy is one of the foundations of clinical practice,

1
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and different aspects pursued with particular aims
are sometimes known as surface, applied, surgical,
and radiological anatomy—terms whose connotations
overlap but hardly require definition.

THE LANGUAGE OF ANATOMY

Anatomical language must be precise and unambigu-
ous. In an ideal world each term would have a single
meaning, each structure a single name. Unhappily, there
has long been an alarming superfluity of terms and
much inconsistency in their use. In the hope of reducing
this confusion, an internationally agreed-on vocabu-
lary—Nomina Anatomica Veterinaria (NAV)*—was
introduced in 1968 and has since obtained wide accep-
tance. It is revised periodically, most recently in 1994,
and we have tried to use it consistently throughout this
work. Occasionally, we have included a second, older,
and unofficial alternative when such a term appears to
be so deeply rooted in clinical usage that it is unlikely
to be eliminated by edict. The terms of the NAV are in
Latin, but it is permissible to translate them into ver-
nacular equivalents and is usual in English-speaking
countries to do so. We have given preference to transla-
tions that so closely resemble the original Latin that the
equivalence is immediately recognizable. We therefore
give the Latin name only when the translation could be
in doubt. No handy English equivalents exist for some
official terms; in these cases it is conventional to use the
Latin terms, perhaps in abbreviated form, as though
they were English words or phrases. The resulting
mixture of languages is jarring but not easily avoided,
particularly when describing groups of muscles. The
names, whether in Latin or in English, are intended to
be informative and an aid to comprehension. It is more
sensible to look up any word whose meaning is not self-
evident in an anatomical or medical dictionary than to
use it “parrot fashion.”

The names that are given to particular structures will
be encountered gradually, but the terms that indicate
position and direction must be mastered at once. These
official terms are more precise than the common alter-
natives because they retain their relevance regardless of
the actual posture of the subject. They are defined in
the following list, and their use is illustrated in Figure
1-1. We have not thought it sensible to use them pedan-
tically when there is no reasonable prospect of misun-
derstanding. When we use common terms (above,
behind, and so forth), we always have in mind a standard
anatomical position, which, for a quadruped, is that in
which the animal stands square and alert. This differs

*There is a separate but similar vocabulary (Nomina Anatomica
Avium) that is concerned with the anatomy of birds.

from the human anatomical position, and difficulties
with terminology will be encountered when books are
consulted that refer primarily to the human body.
Medical anatomists make much use of the terms ante-
rior and posterior, superior and inferior, all of which
have very different connotations when applied to quad-
rupeds. These terms are therefore best avoided, except
for a few specific applications to the anatomy of the
head.

The principal recommended terms of position and
direction are arranged in pairs, and it should be empha-
sized that they refer to relative, not absolute, position.
Most of these adjectives form corresponding adverbs by
the addition of the suffix -/.

Dorsal structures (or positions) lie toward the back
(dorsum) of the trunk or, by extension, toward the cor-
responding surface of the head or tail.

Ventral structures lie toward the belly (venter) or the
corresponding surface of the head or tail.

Cranial structures lie toward the head (cranium, liter-
ally skull), caudal ones toward the tail (cauda). Within
the head, structures toward the muzzle (rostrum) are
said to be rostral; caudal remains appropriate.

Medial structures lie toward the median plane (medi-
anus, in the middle) that divides the body into sym-
metrical right and left “halves.”

Lateral structures lie toward the side (latus, flank) of
the animal.

Different conventions apply within the limbs. Struc-
tures that lie toward the junction with the body are
proximal (proximus, near), whereas those at a greater
distance are distal (distantia, distance). Within the prox-
imal part of the limb (which is defined for this purpose
as extending to the proximal limit of the carpus [wrist]
or tarsus [hock, ankle]), structures that lie toward the
“front” are said to be cranial, those that lie toward
the “rear,” caudal. Within the remaining distal part of
the limb, structures toward the “front” are dorsal
(dorsum, back of the hand), and those toward the
“rear” are palmar (palma, palm of the hand) in the
forelimb or plantar (planta, sole of the foot) in
the hindlimb. Additional terms may be applied to the
anatomy of the digits. Axial structures lie close to the
axis of a central digit, close to the axis of the limb if
this passes between two digits; abaxial (ab, away from)
positions are at a distance from the reference axis.

The terms external and internal, superficial and deep
(profundus) hardly require explanation or definition.

Sometimes it is necessary to refer to a section through
the body or a part of it (see Figure 1-1). The median
plane divides the body into symmetrical right and left
halves. Any plane parallel to this is a sagittal plane, and
those close to the median are sometimes termed para-
median planes. A dorsal plane sections the trunk or other
part parallel to the dorsal surface. A transverse plane
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Figure 1-1
and hindlimbs, respectively.

transects the trunk, head, limb, or other appendage
perpendicular to its own long axis.

AN INTRODUCTION TO REGIONAL

ANATOMY

Although the first nine chapters that follow deal with
systematic anatomy, those readers who are about to
begin a laboratory course will find that they require an
elementary knowledge of several systems at once. It is
the principal purpose of the remainder of this chapter
to supply that background. However, devoting some
attention to the live animal also has benefits.

:fTii"\»

Dorsal
planes

Transverse planes

Directional terms and planes of the animal body. The stippled areas represent the carpus and tarsus on forelimbs

STUDY OF THE LIVE ANIMAL

Regional anatomy is conveniently studied by dissection,
but this has obvious limitations if the goal is knowledge
of the anatomy of the living. When embalmed, organs
are uncharacteristically inert and greatly changed in
color and consistency from their living state. The
impressions gained in the dissection room or from pro-
section must therefore be modified and corrected by
frequent reference to fresh material and by observation
of surgical operations, whenever possible. Because most
of those who study the anatomy of domestic animals
do so with a future professional career in mind, they
will find it both stimulating and advantageous to learn
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how to apply the simpler methods of clinical examina-
tion to normal animals at this stage in their training.
Students in some departments receive elementary
instruction in these methods; others must create their
own opportunities, perhaps by enlisting the assistance
of senior student colleagues. They will find a little direct
experience to be far more rewarding than much
unsupported reading. We merely list some methods and
rely on our colleagues in the clinics to provide more
adequate guidance.

The simplest method is observation of the contours,
the proportions, and the posture of the body. Bony
projections provide the clearest landmarks, but superfi-
cial muscles and blood vessels are also useful, if less
striking; reference to these landmarks allows the posi-
tions of other structures to be deduced from their
known relationships. Little experience is required to
reveal the importance of breed, age, sex, and individual
variation or to show that although some landmarks are
fixed and reliable, others are prone to move. Some (e.g.,
the costal arch) move with each respiration, whereas
other features change more gradually, for example,
becoming more or less prominent or shifting in position
with the deposition or depletion of fat or with the
advance of pregnancy.

Structures that are not directly visible may be identi-
fied by touch, that is, by gentle or firmer palpation as
circumstances require. Bones may be identified by their
rigidity, muscles by their contraction, arteries by pulsa-
tion, veins by swelling when the blood flow is interrupted
by pressure, and lymph nodes and internal organs by
their size, configuration, and consistency. Nonetheless,
variation is great and is affected by many factors that
make it difficult to know whether one should expect to
be able to identify certain organs in all normal subjects,
which is, itself, another useful lesson. Palpation through
the skin can be supplemented by digital or manual
exploration per rectum and per vaginam.

Certain organs may be identified by percussion to
elicit resonance when the overlying skin is struck a
sharp blow (in a prescribed fashion). Different materials
produce different notes; that from a gas-filled organ is
more resonant than the duller one elicited from an
organ that is solid or filled with fluid. The normal activi-
ties of certain organs produce sounds continuously or
intermittently. Although the lungs and heart (not for-
getting the fetal heart) are the prime examples of organs
whose positions can be determined by auscultation, the
movement of blood within vessels or of gas or ingesta
within the stomach or intestines can also be a useful
source of anatomical information. When these two
techniques are applied, it must not be forgotten that the
vagaries of sound conduction through materials of
different densities may provide a distorted indication
of the position and dimensions of the source.

The study of the anatomy of the live animal can be
enlarged by other methods whose exercise requires con-
siderable training and more elaborate apparatus than
the simple stethoscope. These additional procedures
have provided a variety of new illustrations scattered
through later chapters but, while some elementary
knowledge of how these illustrations were obtained may
assist their appreciation, detailed consideration of the
various technologies involved is clearly beyond the
scope of this book.

Many parts and cavities that are normally out of
sight can be brought into view by the use of various
instruments. Perhaps the most familiar of these are the
ophthalmoscope, used to study the fundus of the eye,
and the otoscope, used to explore the external ear canal.
Other instruments, for which the generic title “endo-
scope” is available, may be introduced into natural ori-
fices and advanced to allow inspection of deeper parts,
such as the nasal cavity, bronchial tree, or gastric lumen.
These examples of endoscopy are noninvasive, but other
examinations require preparatory surgery. Among these
are arthroscopy, the inspection of the interior of syno-
vial joints, and laparoscopy, the technique in which an
endoscope is passed into the peritoneal cavity through
a small opening in the abdominal wall. This last tech-
nique may be employed for diagnostic purposes or for
the visual control of (“keyhole”) surgery with the use
of instruments introduced through separate portals. For
both purposes, moderate inflation of the abdomen
creates the necessary viewing chamber.

Early endoscopes were rigid, which limited their
utility, but the modern fiber-optic version is flexible
and can negotiate bends while its tip may be turned,
under remote control, to widen the field that may be
scrutinized. The essential components of the fiber-
optic instrument are two bundles of glass fibers.
Such fibers, when suitably prepared and coated, conduct
light from one end to the other without significant
leakage to the side. One bundle is used to convey light
distally, from an external source to the region to be
viewed; the component fibers can be relatively coarse
and randomly arranged. The second bundle conveys the
image and is composed of finer fibers that maintain
fixed positions in relation to each other. The image is
composed of many tiny units, each corresponding to an
individual fiber, and is presented to the eye (or to a
camera or video system) at the proximal end of the
instrument.

Radiographic anatomy has for some time been an
indispensable component of every course of anatomy
influenced by clinical considerations. Most departments
routinely display previously prepared radiographs and.
although students are unlikely to be involved in their
production, it is prudent to remind them that consider-
able risks are associated with x-radiation—risks that



