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he first edition of this text was based on an unfinished

manuscript with illustrations that Professor Miller had
been working on for many years, prior to his death in 1960.
At the request of his wife, Mary Miller (Ewing), the manuscript
was completed by Howard E. Evans and George C. Chris-
tensen. The first edition of Anatomy of the Dog by Miller,
Christensen, and Evans appeared in 1964. “Mac” Miller had
supervised the preparation and completion of almost all of the
illustrations by Pat Barrow and Marion Newson that appeared
in the first edition.

The second edition entitled Millers Anatomy of the Dog, by
Evans and Christensen, was published in 1979. It incorporated
the most recent nomenclature of Nomina Anatomica Veteri-
naria and had new chapters on fetal development, the endo-
crine system, the spinal cord, and the eye. There were also
many new drawings by Marion Newson, Lewis Sadler, and
William Hamilton.

The third edition of Millers Anatomy of the Dog, by Evans,
updated the literature, added new material, and incorporated
nomenclatorial changes that appeared in Nomina Anatomica
Veterinaria 1983. Many figures were modified structurally or
relabeled, and several were replaced. There were chapters by
eight new contributors and the introductory chapter was
expanded to include the phylogenetic relationships of canids
to other carnivores and the history of domestication of the dog.
The chapter on muscles was augmented to include current
histochemical and electrophysiologic evidence of muscle func-
tion. The material on the nervous system was amplified by new
chapters on the brain and cranial nerves.

Millers Anatomy of the Dog attempts to meet the varied
needs of anatomists, veterinary students, clinicians, and experi-
mentalists. Throughout the text, the intent is to describe and
illustrate the specific morphology of the dog, with reference to
older literature. Although there are many similarities between
species, it is often surprising how different anatomical specifics
can be. What is a functional structure in one may be only a
vestige or absent in another, and care is required when extrapo-
lating to other species.

The correspondence received over the intervening years
since the third edition appeared in 1993, is evidence of its use
as a source book, and thanks are due to the many people who
have pointed out errors or suggested improvements. The illus-
trations have been particularly well received, and requests for
their reuse in books and journals stand as a tribute to the dis-
sectors and illustrators whose combined efforts produced them.

This fourth edition is the first fully colorized version and it
required removal of all former labels (which were made with
LeRoy stencils) and dotted lead-lines. Some of these illustra-
tions have appeared in the seventh edition of Guide to the
Dissection of the Dog (2010 Elsevier/Saunders) by Evans and de
Lahunta.

Preface

ANATOMICAL TERMS

The terms used for structures of the body are numerous, and
in the course of medical history about 50,000 names have been
given to some 5,000 structures. This has led to considerable
ambiguity.

The history of anatomical terminology shows gradual
regional changes from the Arabic, to the Greek of Hippocrates,
Aristotle and Galen, to the Latin of Vesalius, Fallopius,
Eustachius, Fabricius, and Malphighi, when the center of
medical education shifted to Italy. Some Arabic terms, such as
“saphena” and “nucha,” remain, as do several Greek terms,
some with Latin endings. Each country often used different
endings for Latin terms, and later vernacular terms made the
medical vocabulary unusable internationally. (For example, the
hypophysis, or pituitary gland, had at least 30 names in Greek,
Latin, German, French, and English.)

For any meaningful communication it is necessary that
anatomical terms be clear and precise. With this in mind,
international anatomical nomenclature committees sponsored
by various anatomical societies have published Nomina for
humans (Nomina Anatomica NA 1989 and Terminologia
Anatomica TA 1998), and Nomina for domestic animals
(Nomina Anatomica Veterinaria NAV 2005), and (Nomina
Anatomica Avium NAA 1993) to promote international com-
munication and facilitate learning. There are lists of Nomina
for gross, histologic, and embryologic terms.

Several anatomists, including Burt Green Wilder, MD, Pro-
fessor of Physiology, Vertebrate Zoology, and Neurology at
Cornell and Secretary of the Committee on Anatomical
Nomenclature of the Association of American Anatomists,
tried (between 1880 and 1890) to standardize anatomical
nomenclature, but their results lacked international agreement.
In 1887 the German Anatomical Society undertook the task
and assembled an international committee that worked for 6
years before issuing a final list in 1895. This Base/ Nomina
Anatomica (BNA) for the human included about 5000 terms
from approximately 30,000 proposed by the subcommittee
(O’Rahilly, 1989, “Anatomical terminology, then and now.”
Acta Anat. 134:291-300). This BNA formed the basis for
subsequent revisions in Birmingham (BR) in 1933, Jena (JNA)
in 1936, and Paris in 1955. The latter was published as the
first edition of Nomina Anatomica (NA). In 1977 the 4th
edition of the N.A. included Nomina Histologica (NH) and
Nomina Embryologica (NE). The current Nomina Anatomica
for the human is in its 6¢h edition. In 1989 the International
Federation of Associations of Anatomists created a new com-
mittee to write Terminologica Anatomica (TA), which was pub-
lished in 1998 by Thieme publishers. Both the Nomina
Anatomica and the Terminologica Anatomica are only for
human anatomy.



A committee on veterinary anatomical nomenclature was
established in 1895 at the 6th International Veterinary Con-
gress in Bern because the BNA was not applicable to domestic
animals. At the next Veterinary Congress in Baden-Baden
in 1899, a nomenclature for domestic animals was approved
but not printed or distributed internationally, although the
terms were used in several textbooks. In 1923, the American
Veterinary Medical Association published Nomina Anatomica
Veterinaria based on the BNA, but it was not widely known
or used. In 1957, the International Association of Veterinary
Anatomists established a nomenclature committee that incor-
porated the earlier unpublished lists of the American Associa-
tion of Veterinary Anatomists with terms in current use. After
several preliminary lists and many meetings in different coun-
tries, the first edition of the internationally approved Nomina
Anatomica Veterinaria (NAV) was published by the World
Association of Veterinary Anatomists in 1968. This Nomina
(NAV) is currently in a fifth edition (2005), and is free on the
worldwide web.

Although anatomical structures are quite stable, our under-
standing and interpretation of what we see will continue to
require changes at all levels: gross, microscopic, and ultrastruc-
tural. Formal procedures exist for making changes in anatomi-
cal terms, and the International Committee for Veterinary
Anatomical Nomenclature of the World Association of Veteri-
nary Anatomists welcomes suggestions and help.

The terminology used in this text follows Nomina Ana-
tomica Veterinaria 2005, with subsequent committee recom-
mendations. The following constraints serve as guidelines in
the work of anatomical nomenclature committees:

1. Each anatomical concept should be designated by a single
term. Synonyms have been used in rare exceptions, usually
as transitional terms, but in some cases both terms may be
used such as: peroneus = fibularis.

2. Each term should be in Latin (Greek remains in some
terms: ischiadic [G.] = sciatic [L.]; splen [G.] = lien [L.]).

3. Each term should be as short and simple as possible.

4. The terms should be easy to remember and should have
instructive and descriptive value.

5. Structures that are closely related topographically should
have similar names (e.g., femur: femoral artery, vein, and
nerve).

6. Differentiating adjectives should generally be opposites
(major/minor; superficial/deep).

7. Terms derived from proper names (eponyms) should not
be used because the choice of the eponym has varied by
country and was not descriptive of the structure (e.g.,
Eustachian tube = auditory tube; canal of Schlemm =
scleral venous sinus; foramen of Monro = interventricular
foramen).

Directional terms as applied to quadrupeds are different
from those applied to humans. The anatomical position of a
standing dog is with four paws on the supporting surface and
the abdomen ventral. For a human, the standing position is
with the forelims hanging by the side, palms held forward: the
palms and the abdomen are thus considered to be anterior. For
the dog, the terms cranial and caudal apply to the neck, trunk,
and tail as well as to the limbs as far distally as the end of the
antebrachium and crus. The terms for the forepaw or manus
are dorsal and palmar; those for the hindpaw or pes are dorsal
and plantar. On the head the terms rostral, caudal, dorsal, and
ventral are preferred. Only in a few locations, such as the jaws,
eye, and inner ear, are such terms as anterior, posterior, superior,
and inferior used. Medialis and lateralis apply to the whole
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body except on the digits, where axialis and abaxialis refer to
the sides of the digit toward the axis of the limb or away from
the axis of the limb, respectively. The axis of the limb passes
between the third and the fourth digits.

PLANES OF THE BODY

The planes of the body are formed by any two points that can
be connected by a straight line.

Median Plane: divides the head, body, or limb longitudinally
into equal right and left halves.

Sagittal Plane: passes through the head, body, or limb parallel
to the median plane.

Transverse Plane: cuts across the head, body, or limb at a right
angle to its long axis, or across the long axis of an organ or a
part.

Dorsal Plane: runs at right angles to the median and transverse
planes and divides the body or head into dorsal and ventral
portions.

MOVEMENT

Parts of the body can move relative to one another primarily
because of muscular action on bones articulated with each
other by joints. Flexion is the movement of one bone on
another so that the angle between them is reduced; thus, the
limb, digit, or vertebral column is bent, folded, retracted, or
arched. Extension is the lengthening of a part by increasing the
angle between bones, straightening the limb, digit, or vertebral
column. Extension beyond 180 degrees is overextension
(sometimes referred to as dorsiflexion).

Abduction is the moving of a part away from the median
plane; adduction is the moving of a part toward the median
plane. Rotation is the movement of a part around its long axis
(action of the radius when using a screwdriver). Supination
(lying on the back = supine) is lateral rotation of the paw so
that the palmar or plantar surface faces medially or dorsally.
Pronation (lying on the belly = prone) is medial rotation
so that the palmar or plantar surface of the paw faces
ventrally.

On radiographs the view is described in relation to the
direction of penetration by the x-ray: from the point of
entrance to the point of exit before striking the film. A radio-
graph of the carpus in the standing position with the film
under the palmar surface of the paw would be a dorsopalmar
view.

In the text that follows, structures are generally designated
by their anglicized terms in common use unless none exist.
Each term, when introduced for the first time, is followed by
its Latin equivalent.

LITERATURE

Much anatomical information is published in several thousand
scientific journals, of which about 100 frequently contain ana-
tomical articles in one of several languages. Language differ-
ences and the accessibility of periodicals are still considerable
barriers to the dissemination of anatomical information,
although abstracting services and electronic retrieval systems
have eased the burden of keeping current.

Literature on anatomy of the dog is not always easy to
categorize by system, and as a result there are many old as well
as recent monographs and books that are not cited by abstract-
ing systems or in the chapters that follow. Some are little
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known, for example, the extensively illustrated doctoral thesis
of Madeleine A. Hamon “Atlas de la Tete du Chien: Coupes
Series-Radioanatomie-Tomographies” (1977) presented at the
University Paul Sabatier of Toulouse. This study includes serial
transverse, sagittal, and horizontal sections and has a bibliog-
raphy of 997 references relating to structures of the head of
the dog. Current interest in multiplanar imaging, such as com-
puted tomography (CT) scans, ultrasonography (sonograms),
and NMR (nuclear magnetic resonance) scans make such
works invaluable. A book that compares body sections of the
dog with scans is the Atas of Correlative Imaging Anatomy
of the Normal Dog: Ultrasound and Computed Tomography,
by Feeney, Fletcher, and Hardy (Saunders, 1991). For

radiographic anatomy, the most detailed source is the Atlas of
Radiographic Anatomy of the Dog and Cat, by Schebitz, Wilkens,
and Waibl (Elsevier, 2011).

Dated but still useful and authoritative anatomical informa-
tion on the dog can be found in the out-of-print Handbuch
der Vergleichenden Anatomie der Haustiere, by Ellenberger and
Baum (1943). Dissection guides for the dog include Atlas der
Anatomie des Hundes, by Budras (Hannover: Schluter, 2010);
Canine Anatomy: A Systemic Study, by Adams (Ames, Iowa
State University Press, 2004); Dog and Cat Dissection Guide,
by Susan and Chris Pasquini (Pilot Point Texas 2009) and
Guide to the Dissection of the Dog, by Evans and de Lahunta
(Saunders/Elsevier 2010).
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his text is based on anatomic studies of many dogs of

diverse and usually unknown ancestry commonly referred
to as mongrels. Domestic dogs are probably the most polymor-
phic mammals referred to as a single species, Canis familiaris,
and some workers have suggested that no domestic animal be
given species designation (Groves, 1971). The alternatives are
the use of subspecific names or breed designations. Because all
members of the family Canidae are interfertile and human
interaction has affected their hybridization and distribution
throughout the world, it appears simplest to adopt one term
for all purebreds, mongrels, and feral dogs. For historical con-
siderations of the world’s wild and domestic dogs see Smith
(1845-1846) Mammalia: Dags, Vol. I & II (with color plates),
in The Naturalists Library, Vol.18, by W. Jardine; Darwin
(1868), Animals and Plants under Domestication, Ash (1927);
Fiennes and Fiennes (1968); Titcomb (1969); Epstein (1971);
American Kennel Club (AKC) 7he Complete Dog Book (2006);
and Fogle and Morgan (2009) Encyclopedia of the Dog, which
covers 420 breeds.

THE ORDER CARNIVORA

The domestic dog, gray and red wolf, coyote, dingo, jackals,
dhole, and others are interfertile and frequently cross in their
native habitats all over the world. They have been assigned to
various genera over the years depending on the criteria used
and will probably continue to be a problem for systematists
for many years. It is not possible to assign the domestic dog
with certainty to any one progenitor, but it is clear that the
dog and the wolf are closely related and evolved together.
Order Carnivora

Family Canidae

Genus Canis
Species familiaris

The order Carnivora is worldwide in distribution and is an
assemblage of intelligent, mostly flesh-eating mammals with
prominent canine teeth; molars adapted for crushing, cutting,
and grinding; and a relatively short alimentary canal. Members
of the order have digits provided with claws and sometimes
with webs. Behavioral characteristics identify most of them as
predators with strong family ties, devoted to the care of their
young. Many of the species adapt readily to domestication
(Clutton-Brock & Jewell, 1993; Ewer, 1973).

Since the time of Linneaus the levels of classification have
become more accurate and useful and we can now also consider
genomic evidence for relationships of animals.

Wayne and Ostrander (2007) have investigated the dog
genome sequence and associated genomic resources and said
that these studies “will revolutionize the study of dog evolu-
tion, population structure and genetics.” They presented a
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chart of canid relationships that shows the major groupings of
species. A more accurate phylogeny of the Dog family, Canidae,
is in the making and molecular markers that identify gene
pools now allow the assignment of mixed “breeds” to specific
gene pools. The WISDOM Panel MX of Mars Veterinary, Inc.,
has a deoxyribonucleic acid (DNA)-based test that can iden-
tify 134 American Kennel Club (AKC)-registered breeds that
may be present in a mixed breed dog (Giger et al., 2007).

The most complete treatment of fossil and living families
and genera of mammals can be found in Classification of
Mammals above the Species Level, by Malcolm McKenna and
Susan Bell (1997) with contributions from George G. Simpson.
This classification project was begun by Simpson (1945) in
1927 at the American Museum of Natural History in New
York City. Many people cooperated in assembling this tome,
which includes all mammals of the world. The number of
extinct taxa is much greater than living forms and many fossil
animals are known only from a few bones or teeth.

In a more recent compilation of species, Wozencraft (2005)
revised the Order Carnivora in Wilson and Reeder (2005)
Mammalian Species of the World. He raised the Giant Panda,
the Madagascan Carnivores, the African Palm Civet, the
Skunks, and the Walrus each to family rank.

This pictorial family tree (Fig. 1-1) is an approximation of
how animals in the Order Carnivora are related to each other
according to the most recent classification. The major divisions
are the Feliformia (cats) and the Caniformia (dogs), which may
have arisen from Miacid stock between the Eocene and the
Paleocene approximately 40 to 60 million years ago. This time
frame witnessed the evolution of modern mammals and birds.
Every year new fossils are found (as well as extant forms)
and we are able to improve our understanding of animal
phylogeny. For photographs of various mammals see Nowak
(1991).

Cat Families
Felidae
Lion, Leopard, Snow Leopard, Cheetah, Tiger, Lynx,
Bobcat, Domestic Cat, Marble Cat, Flat-Headed Cat,
Golden Cat, Black-Footed Cat, Roaring Cats, Caracal,
Ocelot, Puma, Jaguarundi, Serval, Jaguar, Eyra
Herpestidae
Mongooses, Ichneumon, Cusimanses
Hyaenidae
Hyaena, Aardwolf
Viverridae
Oriental Civet, Genets, African Civet, Palm Civets,
Water Civet, Linsangs, Binturong, Bornean Mongoose,
Suricate, Meerkat

Eupleridae

Fanaloka, Fossa (Madagascan Carnivores)
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Raccoons

Minks

Skunks

Giant panda

Bears

Dogs and Wolves

CANIFORMIA

Red panda

Earless seals

Sea lions
and Fur seals

Walrus

Cats

Civets and Mongooses

Madagascan
carnivores

Hyaenas

FELIFORMIA

Carnivora

Miacids

Eocene
45 million years ago

Cretaceous
70 million years ago

FIGURE 1-1 The family tree of the order Carnivora. In addition to the domestic dog and cat, Madagascan carnivores
include three species of civets (Viverridae): fosa (Cryptoprocta), striped civet (Fossa), falanouc (Eupleres) and five species

of mongooses (Herpestidae).

Nandinidae
African Palm Civet
Dog Families

Canidae

Dogs, Wolves, Coyote, Foxes, Dhole, African Hunting
Dog, Culpeo, Guara, Crab-Eating Fox, Raccoon Dog,
Dingo, Bush Dog, Jackals, Dire Wolf

Ursidae

Bears

Ailuridae

Giant Panda

Otariidae

Eared Seals, Fur Seals, Sea Lions

Odobenidae

Walrus

Phocidae

Harbor Seal, Ringed Seal, Ribbon Seal, Harp Seal, Hair
Seals, Earless Seal, Bearded Seal, Gray Seal, Hooded

Seal, Elephant Seal, Monk Seal, Ross Seal, Leopard Seal,
Weddell Seal

Mustelidae

Minks, Otters, Stink Badger, Marten, Sable, Fisher, Pine
Marten, Weasels, Stoat, Ferret, Polecat, Badgers, Grison,
Zorille, Taira, Ratel, Wolverine

Mephitidae

Skunks

Procyonidae

Ring-Tailed Cat, Olingo, Kinkajou, Coatis, Raccoon,
Lesser Red Panda

THE FAMILY CANIDAE

The family Canidae is a distinct group of dog- and foxlike
animals distributed throughout the world (Gittleman, 1989;
Mivart, 1890; Sheldon, 1992). Although there is general agree-
ment about which genera are included in the family, there has



been disagreement about the generic status of several species
and their groupings into subfamilies. Clutton-Brock et al.
(1976) reviewed the family Canidae using numeric methods
and suggested a classification at the generic level based on 90
characters of the skeleton, pelage, internal anatomy, and behav-
ior. Their results indicated that the three largest genera— Canis
(dog, wolf, coyote, jackal), Vulpes (foxes), and Dusicyon (South
American foxes and foxlike animals)—all are closely related but
merit the separate designations they now have.

Wayne (1993) and Wayne and colleagues (1989, 1999,
2007) have investigated the evolutionary relationships of car-
nivores using karyologic and molecular procedures. Their tech-
niques, such as DNA hybridization, protein electrophoresis,
albuminimmunologicdistance, and high-resolution G-banding
of karyotypes, have helped define relationships. Our current
understanding of the taxonomy of carnivores and dogs, in
particular, is discussed by Wayne and Ostrander (2007) and
Boyko et al (2010).

Behavior is a feature that is sometimes characteristic of a
breed. Takeuchi and Mori (2006) compared the behavior of
purebred dogs in Japan with those in the United States and
the United Kingdom. Stockard (1941) also took note of behav-
ior in the purebred crosses he was producing.

Hybrids
Because all dogs are interfertile, many intermediate physiog-

nomies are not assignable to any particular breed (Stockard,
1941; Van Gelder, 1977). Even first-generation hybrids of

A
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purebred parents may exhibit bizarre combinations of body
characteristics (Figs. 1-2 and 1-3).

Differences in the conformation of the body or its parts are
common and are considered as malformation only when
extreme. Susceptibility of the developing embryo or fetus to
malformation varies with developmental stage or age and may
affect only one part or organ of the body. Malformations may
be due to genetic, endocrine, metabolic, infection or muta-
genic influences.

Charles R. Stockard of the Cornell Medical College under-
took an investigation, starting about 1926, of the genetic and
endocrinic basis for differences in form and behavior in dogs.
He made crosses between many purebred dogs of various
breeds and their F; and F, generations to study the physiog-
nomy, skeleton, and endocrine organs of the resulting litters.
Unfortunately, like Malcolm E. Miller, who started “Anatomy
of the Dog,” Stockard died before his work was completed, but
from his extensive notes, photographs, and specimens his col-
leagues were able to publish many of his findings as a mono-
graph of the Wistar Institute (Stockard, 1941). What remains
of the records and the extensive skeletal collection is now
housed and cataloged in the Museum of Natural History on
the campus of the University of Georgia in Athens and can be
examined by appointment. Stockard’s monumental study has
left a legacy of numerical comparisons of body and skeletal
parts, documented photographs of parents and hybrids, and
many disarticulated skeletons. The purebred crosses he pro-
duced raise many questions as to the interactions of a large

FIGURE 1-2 A, Cross between the long-muzzled Dachshund and the short-muzzled Pekingese to show inheritance of
head type. Dachshund female (1), Pekingese male (2), F; hybrids (3 to 7). This Dachshund bitch was actually larger and

heavier than the Pekingese stud.

Continued
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FIGURE 1-2, cont’d B, Close-up of the facial features of a Dachshund bitch and a Pekingese stud compared with the
same first-generation hybrids as shown in Figure 1-2A. Of the 22 F, hybrids produced by several bitches, all were uniform
in size and type irrespective of whether they were whelped from Dachshund or Pekingese dams. The hybrids were larger
and more vigorous than either parent stock. (From Stockard CR, Johnson AL: The contrasted patterns and modifications
of head types and forms in the pure breeds of dogs and their hybrids as the result of genetic and endocrinic reactions.
In CR Stockard, editor: The genetic and endocrinic basis for differences in form and behavior: American anatomical
memoirs, vol 19, Philadelphia, 1941, Wistar Institute of Anatomy and Biology.)

number of breed factors on external features and deformations
of the skeleton.

Cartilage growth distortion (achondroplasia) in the skele-
ton may be restricted to the appendicular or the axial skeleton,
or it may affect both. For example, the lower jaw is develop-
mentally independent of the upper jaw. Thus brachygnathic,
prognathic, and normal-muzzled pups may appear in the same
litter. Such a disharmony between the upper and the lower jaws
usually results in malocclusion, difficulty in eating, uneven
wear, and loss of teeth.

In many instances Stockard was able to produce and
examine F, generations from back-crosses to parent stocks.
These back-crosses indicated that reversions were common and
that the head and tail ends of the axial skeleton often act
independently. For example, the very extreme type of Bulldog
head may be present in a dog with a long straight tail, or a dog
with a normal long muzzle may have a short screw-tail. All F,
hybrids of the screw-tailed Bulldog X straight-tailed Basset
Hound develop long, straight tails. However, in the F, genera-
tion the tail deformity reappears in several different patterns.

Dachshund-Pekingese hybrids are good examples of genetic
influences on variations in skull form (see Figs. 1-2 and 1-3).
The Pekingese dog has a greatly reduced muzzle and a bulging

forechead. This is probably a result of achondroplasia of the
basicranium and the cartilaginous forerunner of the upper
jaws, a condition similar to that seen in the Bulldog. The
Asiatic origin of the Pekingese suggests descent from Chow-
Chow ancestors, whereas the Bulldog was developed at a later
date from European stock. Thus very different breeds of dog
can have very similar mutations in various parts of the world,
and, if selected, these mutations can be enhanced.

Because the dominant factor for achondroplasia in the
appendicular skeleton results in a more severe shortening of
the bones in Bulldog types than that in Hounds, Stockard
suggested that the “breed quality” of bone may depend on a
large number of factors in the genetic constitution of the
animal. Thus “Bulldog bone” and “Hound bone” may be more
complex entities than we currently imagine.

BREEDS OF DOGS

The result of human intervention for more than two centuries
has established genetic lines that kennel clubs have agreed to
recognize as breeds. New breeds will continue to be developed
and granted registry according to the rules of national kennel
clubs. Not all breeds are granted recognition in all countries,
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FIGURE 1-3 A, Second-generation Dachshund-Pekingese hybrids. Four F, bitches were mated with four F, studs and
produced 47 pups. The F, hybrids varied considerably in size and color. None had a typical Pekingese coat, and none
held the tail curled over the rump, which is characteristic of the Pekingese and other Asiatic dogs. All of the F, animals
had short limbs. The large ears of the Dachshund were dominant. B, Close-up of the facial features of the same F,
Dachshund-Pekingese hybrids as shown in Figure 1-3A. None of the F, hybrids had the very short face of the Pekingese.
The dental occlusion of F, hybrids varied greatly: a few showed upper and lower jaws of about the same length with
normal occlusion, approximately the same number were slightly undershot (lower incisors closing ahead of the uppers),
and the most frequent condition was prognathism of the upper jaws and malocclusion. The long upper jaw of the Dachs-
hund was inherited independently of the short lower jaw of the Pekingese, resulting in a disharmony, which in the extreme,
allowed the tongue to hang out in front of the chin and made feeding from shallow pans difficult. (From Stockard CR,
Johnson AL: The contrasted patterns and modifications of head types and forms in the pure breeds of dogs and their
hybrids as the results of genetic and endocrinic reactions. In CR Stockard, editor: The genetic and endocrinic basis for
differences in form and behavior: American anatomical memoirs, vol 19, Philadelphia, 1941, Wistar Institute of Anatomy
and Biology.)

5

and breed standards are changed from time to time. There are
153 breeds currently recognized by the American Kennel Club
in the 20th edition of 7he Complete Dog Book (2006). There
are more than 300 breeds of dogs in the world, and each
country has some distinctive breeds, as well as introduced
breeds.

Australia still has a large population of wild Dingos in the
central and northern regions that often cross with domestic
dogs (Corbett, 1995). New Guinea has an unknown number
of wild “singing dogs” and on various isolated Pacific Ocean
islands there are dogs that resemble Dingos (Titcomb, 1969).

The Chinese were probably the earliest breeders of purebred
dogs, several of which are still popular. Often there are several
names for the same breed, because the name may change when
the dog is introduced into another country; thus the Borzoi is
also known as the Russian Wolfhound, the German Shepherd
Dog as the Alsatian, the Vizsla as the Hungarian Pointer, the
Scottish Deerhound as the Irish Wolfhound, the Great Dane
as the German Mastiff, the Chow-Chow as the Canton Dog,
and so on. Several breeds are well known in one country and
almost unheard of in another, such as the Canaan Dog of Israel

and the Swedish Vallhund.
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A breed is any group of animals derived from a common
stock and bred for their distinctive features, which are codified
as the standard for the breed by those willing to recognize the
breed. The French Bulldog, for instance (Fig. 1-4), was prob-
ably derived from the English Bulldog, which it resembles in
most features.

In the United States more than half the breeds are of English
ancestry, and the AKC recognizes seven groups of dogs plus a
miscellaneous class, for a total of 153 breeds. For a summary
of all breeds, with illustrations, see the 20th edition (or later)
of The Complete Dog Book published by the AKC.

Loin Occiput
Screw tail \
Rump—__ ____—Stop

Cushion

Stlﬂe \\ Flews
Hock — /

Elbow/ Carpus

FIGURE 1-4 External topography of a French Bulldog. This alert, short-limbed
muscular dog shows the facial features of a brachycephalic breed.

Brisket
Prepuce

The seven categories of dog breeds recognized by the AKC
are grouped (Figs. 1-5 to 1-11) for show purposes and do not
necessarily represent genetic closeness or ancestry. Several
breeds have been moved from one group to another at the
request of breed clubs. Each club originates its own standards
and revisions and submits them to the AKC for approval. The
standard for each breed is therefore a composite of the desired
features for each breed. Rarely are all the desired features found
in any one dog. There may be several varieties within a breed,
and often features acceptable in one breed are unacceptable in
another.

The external appearance of the various breeds of dogs may
be misleading as concerns skeletal conformation and is further
compounded by differences in muscle development. It would
be useful to have anatomic documentation for the standards
of breed conformation as established by each club.

Kleinman (1990) radiographed four standard Smooth-
Haired Dachshunds standing in show-pose to answer some of
the questions regarding the anatomic basis for soundness.
Three of the four dogs in this study were champions with good
angulation, lay-back, ribbing, and keel. He compared two
previously published drawings of the Dachshund skeleton with
his radiographs and suggested changes in the drawings. The
Dachshund was bred as a field dog for its ability to flush small
game out of burrows. Its short chondrodystrophic limbs,
pointed head, and elongated trunk were an advantage in such
pursuits. Kleinman found that the skeleton did not conform
with surface contours and that the muscles have a greater role
in determining the appearance of the dog than has been previ-
ously thought. There were curvatures of the vertebral column

Group |
Sporting dogs

Golden Retriever

Pointer

FIGURE 1-5 There are 26 sporting breeds recognized by the American Kennel Club:

American Water Spaniel
Brittany Spaniel
Chesapeake Bay Retriever
Clumber Spaniel

Cocker Spaniel
Curly-Coated Retriever
English Cocker Spaniel

English Springer Spaniel
Field Spaniel

English Setter

Flat-Coated Retriever
German Shorthaired Pointer
German Wirehaired Pointer
Gordon Setter

Irish Setter

Cocker Spaniel

Golden Retriever Sussex Spaniel

Irish Setter Vizsla

Irish Water Spaniel Weimaraner

Labrador Retriever Welsh Springer Spaniel
Nova Scotia Duck Tolling Retriever Wirehaired Pointing Griffon
Pointer

Spinone Italiano
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Group Il
Hound Breeds

Basenji

Afghan

Beagle
FIGURE 1-6 There are 24 hound breeds recognized by the American Kennel Club:

Afghan Hound Bloodhound
American Foxhound Borzoi

Baseniji Dachshund
Basset Hound English Foxhound
Beagle Greyhound

Black and Tan Coonhound Harrier

in the midback and pelvis; the spine of the scapula was at
approximately 23 degrees from the vertical, not 45 degrees as
commonly stated; and the long axis of the pelvis was in line
with the vertebral column.

For the many breeds not officially recognized by the AKC,
the first step for registry is acceptance into the “miscellaneous
class.” This requires proof that a substantial nationwide interest
in the breed exists, as shown by an active club, breed registry,
and expanding breeding activity. When the AKC is satisfied
that a breed is continuing to grow in number and sponsorship,
it may admit the breed to registration in the Stud Book and
grant the opportunity to compete in shows.

The following breeds were in the miscellaneous class and
were being considered for recognition at the time this chapter
was written:

American English Coonhound
Bergamasco

Boerboel

Cesky Terrier

Chinook

Dogo Argentino

Finnish Lapphund

Peruvian Inca Orchid
Portuguese Podengo Pequeno
Pumi

Greyhound
Bloodhound
Dachshund

Ibizan Hound Plott
Irish Wolfhound Redbone Coonhound
Norwegian Elkhound Rhodesian Ridgeback
Otterhound Saluki
Petit Basset Griffon Vendeen Scottish Deerhound
Pharaoh Hound Whippet

Rat Terrier

Russell Terrier

Sloughi

Treeing Walker Coonhound
Wirehaired Vizsla

The relative popularity of a breed may vary from time to
time and from country to country. As a result, the mongrel
population also changes owing to the prevalence of a particular
breed’s acting as a sire or dam, although the change is gradual.
Because there are specific characteristics associated with each
breed, one can expect to see subtle changes in the anatomic
features of the mongrel population. As an example, one may
cite the tendency toward reduction of the stylohyoid muscle
in the Beagle (Evans, 1959) and the loss of teeth in brachyce-
phalic breeds like the Bulldog. There are several specific patho-
logic conditions more prevalent in some breeds than in others.
For reference to these conditions see Earl (1978), de Lahunta
and Glass (2009), and Noden and de Lahunta (1985).

An extensive collection of reference materials on dogs (more
than 3000 titles) is housed in the library of the College of
William and Mary in Williamsburg, Virginia, as the Peter
Chapin Collection of Books on Dogs (Chapin, 1938). The
library of the AKC, at 51 Madison Avenue, New York, New
York, is open to the public and also houses many books and
journals about dogs.
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The Dog and Its Relatives

Group Il
Working Breeds

Boxer

Saint Bernard

Standard Schnauzer

FIGURE 1-7 There are 25 working breeds:

Akita

Alaskan Malamute
Anatolian Shepherd Dog
Bernese Mountain Dog
Black Russian Terrier
Boxer

Bullmastiff

Doberman Pinscher
German Pinscher

Giant Schnauzer

Great Dane

Great Pyrenees

Greater Swiss Mountain Dog

Alaskan Malamute

Akita

Doberman Pinscher

Komondor

Kuvasz

Mastiff

Neapolitan Mastiff
Newfoundland
Portuguese Water Dog
Rottweiler

Saint Bernard
Samoyed

Siberian Husky
Standard Schnauzer
Tibetan Mastiff



Group IV
Terrier Breeds

Airedale Terrier Bull Terrier

Smooth Fox Terrier

Miniature Schnauzer

Bedlington Terrier

Sealyham Terrier

FIGURE 1-8 There are 27 terrier breeds:

Airedale Terrier
American Staffordshire Terrier
Australian Terrier
Bedlington Terrier
Border Terrier

Bull Terrier

Cairn Terrier

Dandie Dinmont Terrier
Smooth Fox Terrier
Wire Fox Terrier

Glen of Imaal Terrier
Irish Terrier

Kerry Blue Terrier
Lakeland Terrier

Australian Terrier

Manchester Terrier
Miniature Bull Terrier
Miniature Schnauzer
Norfolk Terrier
Norwich Terrier
Parson Russell Terrier
Scottish Terrier
Sealyham Terrier
Skye Terrier

Soft-Coated Wheaten Terrier
Staffordshire Bull Terrier
Welsh Terrier

West Highland White Terrier

Breeds of Dogs
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Group V
Toy Dog Breeds

Pug Poodle (Toy)
Pekingese
Chihuahua Maltese
FIGURE 1-9 There are 21 toy breeds:
Affenpinscher Havanese Papillon Silky Terrier
Brussels Griffon ltalian Greyhound Pekingese Toy Fox Terrier
Cavalier King Charles Spaniel Japanese Chin Pomeranian Yorkshire Terrier
Chihuahua Maltese Poodle (Toy)
Chinese Crested Manchester Terrier (Toy) Pug
English Toy Spaniel Miniature Pinscher Shih Tzu
Group VI

Non-Sporting Breeds

Chow Chow Dalmation
English Bulldog Schipperke
FIGURE 1-10 There are 17 non-sporting breeds:
American Eskimo Dog Chow-Chow Lhasa Apso Tibetan Spaniel
Bichon Frise Dalmatian Loéwchen Tibetan Terrier
Boston Terrier Finnish Spitz Poodle (Miniature and Standard)

Bulldog French Bulldog Schipperke
Chinese Shar-Pei Keeshond Shiba Inu
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Group VII

Herding Breeds

Collie

Pembroke Welsh Corgi

FIGURE 1-11 There are 20 herding breeds:
Australian Cattle Dog
Australian Shepherd
Bearded Collie Border Collie
Beauceron Bouvier des Flandres
Belgian Malinois Briard

Belgian Sheepdog
Belgian Tervuren
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EARLY DEVELOPMENT

Ovulation in the dog occurs spontaneously early in estrus, as
was shown by Bischoff in 1844. The germ cell of the dog at
this time (unlike most other mammals) is a primary oocyte,
because the first and second polar bodies are not formed until
after fertilization. A recently ovulated oocyte with its covering
of corona radiata cells can be seen with the unaided eye and is
approximately 230 im in diameter. Photographs of preim-
plantation ova have been published by Holst and Phemister
(1971). The induction of estrus and fertile ovulations was
studied by Concannon et al. (1997). A study of ovulation,
fertilization, and early development in the dog was reported
by Renton et al. (1991).

At the time of ovulation, the fimbria of the infundibulum
are swollen and aid to engulf ovulated oocytes. They effectively
block the slitlike opening of the ovarian bursa and thus prevent
transperitoneal migration of oocytes or their loss into the peri-
toneal cavity.

Passage of spermatozoa through the uterus and tubouterine
junction and up the uterine tube can be rapid in the dog.
Bischoff (1844) noted that it takes 6, 18, or 20 hours for sperm
to enter the uterine tube. Doak et al. (1967) found motile
spermatozoa in high concentration in all parts of the dog’s
uterus for 6 days after copulation, and some were present for
as long as 11 days. Holst and Phemister (1974) confirmed at
least a 7-day life span of dog spermatozoa. It is thought that
the fertile life of a sperm is approximately half of its motile
life, and this long fertile period may be responsible for the high
conception rate in dogs.

The nuclear chromosomes of the sperm become the male
pronucleus, which fuses with the female pronucleus of the
zygote to determine the genetic constitution of the zygote. The
dog has a great number of small chromosomes, which makes
it difficult to demonstrate all of them in a single preparation
even after cell culture. Moore and Lambert (1963) illustrated
and described the karyotype of the Beagle from an analysis of
several metaphase plates taken from cultured kidney cells. They
confirmed the findings of Minouchi (1928) and Ahmed (1941)
that the diploid number in somatic cells of the dog was 78 in
both sexes. The chromosomes appear to be aligned into 38
homologous pairs of autosomes and two sex chromosomes. All
of the autosomes have acrocentric or terminal centromeres.
The X chromosome is one of the largest, whereas the Y chro-
mosome is equal to the smallest. The X chromosomes have
metacentric centromeres. For a discussion of genetics in the
dog, see Asdell (1966).

For a wealth of information on the genetic basis of breed
characteristics in purebred dogs see the monograph of Stockard
(1941) who noted striking reproductive peculiarities during
the course of his cross-breeding program. Certain of the giant

Prenatal Development

breeds were poor producers, either failing to whelp or produc-
ing only one to three pups. In contrast, closely related dogs
produced from 10 to 17 puppies at a whelp, and one of his
bitches produced 50 puppies within 2 years.

Songsasen, Spindler, and Wildt (2007) studied in vitro
cultivation of dog oocytes and pointed out that although intra-
ovarian oocytes can be recovered, matured, and fertilized in
vitro (Rodriques & Rodriques 2006), embryo transfer has
never been consistently successful in the dog. Such methods
will allow the rescue of genetic material from valuable geno-
types of domestic and wild canids. Songsasen and Wildt (2005)
showed that the size of the donor follicle was most important
in determining meiotic competency during follicular develop-
ment. Hewitt and England (1999) studied the maturation of
oocytes in vitro.

LENGTH OF GESTATION

The extensive endocrinologic investigations of Concannon and
his colleagues, summarized by Concannon (1991), have shown
that the average onset of estrus in the dog is 1 day after the
luteinizing hormone (LH) surge, which can be identified by a
rise in serum progesterone in the blood (Fig. 2-1). They
reported increases of 20 to 40 times in the level of LH (8 to
50 ng/mg with an average of 20 ng/mg) during the 1- to 2-day
preovulatory surge. The average time of ovulation was day 2
of estrus. However, there were ovulations before behavioral
estrus, early in estrus, and in late estrus. The peak of fertility
for natural matings ranged from 1 day before the preovulatory
LH surge undil 5 or 6 days after the LH surge.

When Evans (1956) was breeding Beagles for the collection
of the embryos and fetuses used in this chapter, the method of
using the LH surge as the most fixed point in the estrous cycle
had not been described. The method used to determine gesta-
tion times, as cited in the accompanying tables and figures, was
to examine the bitches daily for signs of estrus and to test how
they reacted to the stud. When the bitch would stand for the
stud without snapping or sitting down, she was isolated and
bred 24 hours later. Using this system of a single mating for
each estrus, in a colony of 19 purebred Beagles, all single
matings in the first year were successful. From these matings,
24 hours after first acceptance, embryos or fetuses were surgi-
cally removed singly or in groups at various intervals for study.
A single stud was used for 6 years, and the average litter size
from this inbred colony of 20 Beagles was 6.7 pups. Bitches
came into heat at all times of the year, although there was a
peak in the spring and summer period. Some of the largest
litters were from the youngest bitches.

According to Concannon (1991) maximum receptivity of
the bitch is seen at the peak of the LH surge, and ovulation

13
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FIGURE 2-1 Temporal relationships of periovulatory endocrine events. Note the luteinizing hormone peak and its relation-

ship to ovulation in early estrus. (With permission from Con
ovarian cycles, ovulation, pseudopregnancy, and pregnancy
Philadelphia, 1989, Saunders.)

usually occurs 2 or 3 days later. Using his system of timing
gestation, day “0” is the day of the LH surge, and birth
occurs 65 days later, which would be 62 to 63 days after
ovulation.

Because gestation per se (development of the embryo)
cannot begin until after fertilization, and fertilization (fusion
of gametes) occurs at variable periods after ovulation, there is
always a question of exactly how old an embryo is.

Holst and Phemister (1974) observed that the diestrous
period (now called merestrus) was closely correlated with the
length of gestation, and they calculated gestation time by back-
dating to the onset of this period. Metestrus is the last period
of the luteal phase, when the bitch no longer stands for the
stud. The beginning of this period is characterized by a marked
shift in the epithelial cell type seen in the vaginal smear. On
the first day of metestrus there is a decrease in the number of
cornified cells and an increase (often more than 50 per cent)
in noncornified cells from the deeper layers of the vaginal

cannon PW, Lein DH: Hormonal and clinical correlates of
in dogs. In Kirk RW, editor: Current veterinary therapy X.

epithelium. When the onset of metestrus was used as a fixed
point to backdate the early stages of embryonic development,
Holst and Phemister (1971) made the following correlations:
Metestrus minus 1 day = the two-cell cleavage stage

M minus 3 days = fertilization

M minus 4 days = formation of secondary oocyte

M minus 5 days = beginning of meiosis

M minus 6 days = ovulation

They suggested that if the day of fertilization is counted as
“day 1,” then the Beagle has a gestation period of 60 days, and
whelping takes place on day 57 of metestrus. Holst and Phe-
mister (1974) found that the highest conception rate could be
attained by two matings: one at the time of first acceptance
and the other on the third day or later.

Evans’s method for timing gestation, from a point 24 hours
after first acceptance, resulted in gestation times of 59 to 63
days, with a mean of approximately 60 days. (To convert gesta-
tion times, as cited in this chapter, to the post LH peak
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LIPS N Transuterine Migration of Blastocysts in 13 Beagles

Number of Oocytes Ovulated from Each

Ovary Horn

LEFT RIGHT LEFT

7 1 4

1 6 4

7 3 4

3 6 4

4 2 2

2 4 3

3 4 2

4 6 6

5 3 3

3 6 3

0 7 3

2 3 2

3 4 3
44 55 43
99 90

“gestation” times of 64 to 66 days as used by Concannon, add
5 days to the figures cited in the tables and graphs.)

The use of doppler and A-mode or B-mode ultrasound for
pregnancy diagnosis in the dog showed the usefulness of this
noninvasive technique, which is approximately 99% accurate
(Cartee & Rowles, 1984; Shille and Gontarek, 1985; Toal
et al., 1986; Taverne & van Oord, 1989). With B-mode ultra-
sound many features of the conceptus, embryo, and fetus can
be recognized in greater detail (England and Allen, 1990;
England et al., 1990; Yeager et al., 1992). Yeager and Concan-
non (1990), using ultrasonography for detection of early preg-
nancy, cited the embryonic heartbeat as the earliest detectable
sign of a viable pregnancy. They first detected the heartbeat at
23 to 25 days after the LH surge, at which time the embryonic
mass was 1 to 4 mm in length. They found that the correlation
of first breeding and ultrasonic detection of pregnancy was
more variable than the correlation between LH surge and the
ultrasonic detection of pregnancy.

Yeager et al. (1992) summarized the ultrasonic appearance
of the uterus, placenta, fetus, and fetal membranes throughout
gestation in the Beagle. For timing gestation they used the day
of the LH surge as “day 0,” as described earlier. Their investiga-
tions showed the earliest detection of the chorionic cavity at
day 20; embryo and heartbeat at day 23 to 25; yolk sac mem-
brane at days 25 to 28 (see Figs. 2-5 and 2-6); allantoic mem-
brane at days 27 to 31; and skeleton at days 33 to 39. Of the
fetal structures, head diameter was the best indicator for esti-
mation of gestational age. The timing of breeding using the
behavior of the bitch, vaginal cytologic examination, or both
as guides, although less precise than timing from an LH assay,
can also result in good correlations with gestation age, judging
from the similarity of development of embryos and fetuses at
any given date and their stages of skeletal development (Evans,
1958-1974). By surgically removing embryos or fetuses at
various intervals during gestation, it was possible to measure
individuals or entire litters from the same dog. Knowing the
interval between removals allowed for the calculation of growth
rates.

The data and specimens collected for this study are available
in the Cornell Embryo Collection, Department of Biomedical

Number of Implantations in Each Uterine

Probable Number
That Migrated

Number of Blastocysts
or Early Embryos Lost

RIGHT
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2 Left to Right
3 Right to Left
None
1 Right to Left
2 Left to Right
1 Right to Left
None
2 Right to Left
2 Left to Right
None
3 Right to Left
None
None

NA 2 DO RO WWW
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6 Left to Right
10 Right to Left

Sciences at the College of Veterinary Medicine. As an example
of incremental growth changes that can be seen, a bitch with
10 conceptuses was operated on at 35 days postinsemination,
and five fetuses were removed from the right horn that aver-
aged 41 mm in crown-rump (C-R) length. On day 40, five
fetuses were removed from the left horn that averaged 70 mm
in C-R length. This average increase of 29 mm in 5 days indi-
cated a growth rate of approximately 6 mm a day (Evans,
1959). Thus there can be a considerable discrepancy in the size
or morphologic characteristics of an embryo or fetus if the
estimated gestation time is off by a day or two (Table 2-1).

PRENATAL PERIODS

The successive stages of cleavage, gastrulation, implantation,
and early somite formation are completed before day 20 of
gestation. The length of time required for the entire develop-
ment of a fertilized oocyte into a newborn puppy is approxi-
mately 60 days, and it is no wonder that marked changes in
development can be seen at daily intervals. Phemister (1974)
divided prenatal development in the dog into three periods:
(1) the period of the ovum, following fertilization, which is
characterized by a blastocyst (Fig. 2-2), which lies free in the
uterine tube and migrates to the uterus (days 2 to 17); (2) the
period of the embryo, which begins with implantation of
the blastocyst (Fig. 2-3) and ends with the completion of major
organogenesis (days 19 to 35); (3) the period of the fetus, the
time during which the characteristic features of the dog appear
and most of the growth occurs (day 35 to birth).

OOCYTE—EMBRYO

Fertilization takes place in the cranial part of the uterine tube
(oviduct), and the fertilized oocyte (zygote) begins to divide
within a few hours. Tubal transport of oocytes/embryos takes
longer in the dog (7 to 10 days) than in most other mammals
(3 to 4 days), although some embryos reach the region of the
tubouterine junction in approximately 5 days. Holst and Phe-
mister (1971) found that developing embryos may enter the
uterus as early as the 16-cell stage but more commonly as
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FIGURE 2-2 A, Dog blastocyst approximately 600 um in diameter, 11 days after breeding. The inner cell mass is dense
and globular in form (arrow). Note the trophablast cells. (Unstained, 90x). B, Section of a 500 pum dog blastocyst showing
the inner cell mass. Note mitotic figure (at the arrow) and several spermatozoan heads embedded in the zona pellucida.
Eleven days after breeding. (Stained with hematoxylin and eosin, 460x.) (A and B with permission from Holst PA,
Phemister RD: The prenatal development of the dog: preimplantation events, Biol Reprod 5:194-206, 1971.)

FIGURE 2-3 Blastocyst within the implantation chamber on the 18th day in the
Beagle.

morulae or even early blastocysts. This agrees with the observa-
tions of Anderson (1927) and Van der Stricht (1923). Estrogen
inhibits the transport of developing embryos into the uterus,
whereas progesterone enhances it.

Within the uterus the morula develops into the rather
spherical blastocyst, with an inner cell mass and a thin surface
trophoblast surrounded by a zona pellucida (see Fig. 2-2).
Unattached blastocysts range in size from 250 m to 3 mm as
they pass along the uterine lumen prior to implantation on
about day 17 after breeding. The free-floating blastocyst stage
lasts approximately 7 days (Gier, 1950; Holst & Phemister,
1971; Tietz & Selinger, 1967). There is usually an even spacing
of blastocysts in each uterine horn, but there is often a marked
difference in the number of oocytes ovulated from each ovary,
as ascertained by the number of corpora lutea seen. Thus
oocytes ovulated by one ovary and fertilized in the cranial end
of the uterine tube on that side may migrate through the body
of the uterus and traverse the opposite uterine horn to implant.

The path taken by ovulated oocytes from one ovary to the
opposite uterine horn in the mammal depends on the

morphologic characteristics of the genital tract. External, or
transperitoneal, migration is possible in those species that lack
an ovarian bursa and have ovaries in close proximity to one
another. The process involves ovulation into the peritoneal
cavity in close proximity to the ostia of both uterine tubes,
thus allowing either to engulf and transport the oocyte. The
distance traveled within the peritoneal cavity is short and aided
by ciliary action in the region of the infundibulum. Internal
or transuterine migration is the more common phenomenon
in mammals. It frequently occurs even in species that are ana-
tomically capable of transperitoneal migration and always
occurs in those species that have an ovarian bursa surrounding
the ovary. In animals with duplex uteri, such as the rabbit, in
which each uterine horn enters the vagina separately, transuter-
ine migration is not possible.

The early studies of Bischoff (1844) on the dog called atten-
tion to the phenomenon of transuterine migration, as did later
studies in the cat by Hill and Tribe (1924) and other carnivores
by Boyd et al. (1944). Evans (1956) examined the ovaries and
uterine horns of 13 bred Beagles for evidence of transuterine
migration and found that in 8 dogs a total of 16 morulae
or blastocysts had crossed from one uterine horn to the
other. There was no way of telling how many others had
changed sides without affecting the final balance, because no
marker was used to distinguish right from left ovulations (see
Table 2-1).

The spacing of blastocysts along the uterine horn is the
result of ciliary action, muscular contraction, and unoccupied
sites of uterine receptivity. Irregularities in spacing caused by
the early death of a blastocyst or embryo are adjusted by dif-
ferential hypertrophy of the uterus and resorption of the dead
conceptus.

See Box 2-1 for a summary of the morphologic events
during the first trimester of development.

EMBRYO

The implanting blastocyst on day 18 of gestation lies in a pear-
shaped cavity of the uterus that is hardly discernible on exter-
nal examination (see Fig. 2-3). The lumen between successive



Summary of Morphologic Events During the
First Trimester of Development (Based on a
60-Day Gestation)

1-7 days Formation of the zygote and cleavage in the uterine
tube.

8 days 8- to 16-cell morula.

9 days 16- to 32-cell morula.

11 days 32- to 64-cell morula.

12-16 days Blastocyst enters the uterus and increases in size while
migrating to a receptive site. Inner cell mass distinct.

17-18 days Implantation by the trophoblast, zona pellucida shed,
formation of the neural plate and primitive streak.

19-20 days Formation of the first somites.

implantations is very narrow, and therefore implantation sites
can be readily identified on dissection. Fluid that collects
within the blastocyst causes it to expand and fill the small
uterine cavity. The attachment process, referred to as central
implantation, is a superficial apposition of trophoblast to the
antimesometrial surface of the uterine endometrium. The tro-
phoblast cells are responsible for initiating formation of the
placenta, and in the dog, they elaborate the enzymes that erode
the maternal tissues to form the definitive endotheliochorial
deciduate zonary placenta.

Barrau et al. (1975) studied early implantation in the dog
and found the invasive form of trophoblast to be syncytial, as
did Schoenfeld (1903), rather than cellular, as reported by
Amoroso (1952). Three types of trophoblast are ultimately
recognizable: (1) syncytial trophoblast around maternal blood
vessels; (2) cytotrophoblast in the necrotic zone; and (3)
phagocytic cytotrophoblast around the hematomata. In addi-
tion to the variety of absorptive cells present in the dog’s pla-
centa, there are occasional decidual cells associated with the
trophoblast of the labyrinth (Anderson, 1969). In some species
the trophoblast is primarily nutritive and hormone-producing,
whereas in others it is very invasive. In the dog it is invasive
and syncytial.

The embryo develops in a cephalocaudal sequence, begin-
ning with head folds, then neural tube closure, followed by
somite formation, appearance of branchial clefts, lens placode,
otic placode, cardiac bulge, and the growth of limb buds.
For specifics on domestic animal embryologic development,
including the dog, see Noden and de Lahunta (1985),
McGeady, TA et al., Veterinary Embryology (2009) and Hyttel,
D et al., Essentials of Domestic Animal Embryology (2010).

Several days after implantation, the developing embryo is
enveloped by amniotic folds that grow across its dorsal surface
(Fig. 2-4). At the 21-day stage (16 somites, 4.5 mm), the
embryo is crescent-shaped, and the yolk sac, which is continu-
ous with the midgut, rapidly fills the chorionic vesicle (Figs.
2-5 to 2-7). Where the trophoblastic ectoderm and yolk sac
endoderm are in apposition on the mesometrial wall of the
uterus, it is called the bilaminar omphalopleure. Closer to the
embryo, where the extraembryonic mesoderm and its vitelline
vessels extend between the trophoblast and the yolk sac endo-
derm, a trilaminar omphalopleure or choriovitelline mem-
brane is formed that serves as a transitory placenta.

The embryonic membranes of the dog include a chorion,
yolk sac, amnion, and allantois, which grow and change their
relationships to each other during the early embryonic period.

The amnion of the dog develops by outfolding after
the embryo is well organized. This is unlike the process in the
human, in whom the amnion develops by cavitation of the

Embryo 17

FIGURE 2-4 Dorsal view of a 16-somite, 5-mm-long dog embryo being enclosed
by the amniotic fold.

FIGURE 2-5 Ultrasound image of a 4-mm embryo in a uterine swelling 13 mm
in diameter (25 days after the luteinizing hormone surge). Taken at 7.5 MHz
mechanical sector transducer. (Courtesy Dr. Amy Yeager.)

inner cell mass in the presomite embryo prior to the establish-
ment of germ layers. By day 21 in the dog, the amniotic folds
are well developed over the dorsum of the embryo, and the
vitelline vessels are extensive (Fig. 2-8). The amnion fills with
fluid as the embryo grows and, in later fetal stages, becomes a
sizable sac. By day 23, when the uterine swellings are almost
spherical (Fig. 2-94), the embryo has approximately 32 somites
and is approximately 5 mm long. The yolk sac is very extensive,
closely applied to the chorion, and well vascularized (see Fig.
2-9B). 'The vascularity, as well as the size of the yolk sac,
increases throughout gestation, although it is superseded func-
tionally by the allantois on about day 25 of gestation.
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The allantois, a diverticulum of the hindgut, is first visible
as a bud on day 21, and by day 23 it is a spherical sac located
ventral to the caudal end of the embryo and projecting into
the exocoelom (see Fig. 2-9C). As it progressively expands, the
allantois contacts the chorion (somatopleure) over most of the
exocelomic surface, and allantoic blood vessels can be seen on
its surface. By day 25 the allantois has intercalated itself
between the chorion and the body of the yolk sac, thus com-
pleting the formation of the definitive chorioallantoic mem-
brane. The enveloped yolk sac is separated from the chorion
except at the poles, where it remains attached.

FIGURE 2-6 Ultrasound image of a 7-mm embryo in a uterine swelling 18 mm
in diameter. Length of the chamber was 30 mm (27 days after the luteinizing
hormone surge). (Courtesy Dr. Amy Yeager.)

Cranial end of amniotic fold
Chorion
Amnion
Splanchnopleure
of yolk sac

Midgut

The choriovitelline placenta that exists from days 21 to 23
has simple villi that project into the openings of the endome-
trial glands. The villi are avascular and thus likely serve a his-
tiotrophic function, as suggested by Wimsatt (1974), who
studied the 23-somite black bear.

As the placenta grows, the uterine swelling changes from
pear-shaped (20 days) (see Fig. 2-3) to spherical (25 days) to
ovoid (30 days) (see Fig. 2-9). During this time the thickening
of the uterine glands and the rapid expansion of the allantoic
sac result in a change from a primary choriovitelline (yolk sac)
placentation to the definitive chorioallantoic placentation.
Embryos appear most vulnerable to physiologic stress during
this period of rapid growth and placental change. Pressures
within the uterus are greatest when the allantoic sac has
expanded and the uterine swellings are spherical or beginning
to elongate on day 25 of gestation. Death of the embryo
prior to day 25 usually results in complete resorption with lictle
or no visual evidence at term of the placental site. Death
of early embryos is manifested by a reduced litter size but
can be confirmed only by examination of the interior of the
uterus.

Most carnivores have marginal or central blood sinuses
or hematomata associated with the placenta (Creed, 1963).
The dog has a marginal “green band,” which can first be
recognized in early limb-bud stages as a slightly thickened
region between the choriovitelline membrane and the endo-
metrium at the constricted ends of each uterine loculus (see
Fig. 2-9C). This incipient marginal hematoma thus appears
simultaneously with the expansion of the allantoic sac but
prior to allantoic contact in the marginal region. The green
band at each end of the zonular placenta increases in size
throughout gestation (see Figs. 2-9C and 2-11B). Occasion-
ally, there are isolated hematomatous patches in the central

Endometrium
Caudal end of amniotic fold

Chorion

Amnion

/Uterine gland

/ Somatopleure

Allantoic bud
Heart  splanchnopleure /
. Vitelline vessels
Extraembryonic __—— >
mesoderm Yolk sac
Choriovitelline
Trophoblast _— \ membrane

Bilaminar omphalopleure/

FIGURE 2-7 Early somite dog embryo, approximately 16 somites, 4.5 mm, 21 days. A diagrammatic transverse section
of a portion of the uterus and placenta that passes through the longitudinal axis of the embryo. The large yolk sac fills
the uterine cavity, and extensions of extraembryonic mesoderm are seen between the yolk sac and the chorion. The
amnion forms by the folding of somatopleure over the dorsum of the embryo, and the allantoic bud in the hindgut region
makes its appearance. (From Evans HE: Prenatal development of the dog. lthaca, NY, 1974, 24th Gaines Veterinary
Symposium.)
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FIGURE 2-8 A 19-somite dog embryo showing closure of the amniotic fold and development of the vitelline circulation.

A, Ventral view. B, Dorsal view. C, Sagittal section.

area of a normal dog placenta. These structures have been
called hemophagous organs by Creed and Biggers (1963).
Hematomata form by necrosis of both the maternal and the
fetal tissues. Maternal vessels hemorrhage into the necrotic
area and form pools of blood with a greenish color. These
hematomata are surrounded by trophoblast rather than being
between cytotrophoblast and maternal endometrium (Barrau
et al.,, 1975).

Duke (1946) described developing monozygotic twins
(10 mm C-R) in a dog that had eight other normal concep-
tuses. The embryos were in a limb-bud stage. Although mono-
zygotic twins occur commonly in some species, they are rare
in carnivores, and this was the first description of such embryos
in the dog. (Evans examined more than 400 pregnant uterine
horns and never found more than one embryo or fetus in a
single loculus.) The two embryos described by Duke shared
a placenta, were enclosed by a single chorion, and had a
common yolk sac. Each embryo had its own amnion, indicat-
ing that the twinning process had occurred before
amniogenesis.

See Table 2-2 for a summary of the morphologic events
during the second trimester of development.

AGE DETERMINATION

Various external and internal features have been used as criteria
for determining chronologic age. External features include
somite count; branchial arch development; eye, ear, and nose
formation; limb-bud development; and linear measurements.
Internal features include maturation of various organs, stages
of tooth development, and, most commonly, the appearance
of ossification centers.

Streeter (1951) divided the human embryonic period into
23 “horizons” based on both external and internal features. Fol-
lowing the 23rd horizon was the fetal period, characterized in
the human by the appearance of bone marrow in the humerus.
This occurred in the 28- to 30-mm embryo at approximately 7
weeks of age. During the fetal period, linear dimensions are
used for the assessment of age, the commonest being C-R, or
sitting height, and crown-heel, or total length, for man.
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FIGURE 2-9 Uterus and early limb-bud embryo at 23 days of gestation. A, External view. B, Longitudinal section with a
32-somite, 5-mm embryo in situ. G, Schematic section of B showing fetal membranes and placenta. (From Evans HE:
Prenatal development of the dog. Ithaca, NY, 1974, 24th Gaines Veterinary Symposium.)

Summary of Morphologic Events During the Second Trimester of Development

BITCH

17-18 days Uterus same size as in a pseudopregnant dog.

20 days Implantation chamber of the uterus is a
pear-shaped cavity.

21 days Uterus slightly enlarged at placental sites.

23 days Uterine swellings distinct; vascular and
glandular layers of the uterus hypertrophied
(see Fig. 2-9Ato 0).

25 days Corpora lutea completely fill the ovary; uterine
swelling almost spherical, 30 x 35 mm;
width of placenta approximately 29 mm
(Fig. 2-11A and B).

28 days

30 days Uterine swellings 33 x 50 mm; width of
placenta is greater than length of embryo
(Fig. 2-12A).

33 days

EMBRYO

Blastocysts evenly spaced from one another, trophoblastic attachment, zona pellucida
shed, primitive streak visible, caudal to neural plate.
8 somites; 4 mm long; neural tube closing.

16 somites; 5 mm long and crescent-shaped; longitudinal axis of embryo transverse
to uterine horn; head flexed invaginating yolk sac; cardiac bulge prominent; allantoic
bud developing; amniotic folds closing; yolk sac fills uterine cavity and is widely
confluent with the midgut; branchial arches | and Il present.

32 somites; 10 mm long; twisted with cranial end invaginated into yolk sac; forelimb
bud prominent; otic placode and lens placode present; mandibular and maxillary
processes distinct; branchial arches |, II, and Ill present; liver bulge marked; allantoic
sac spherical and beneath tail (Fig. 2-10).

14 mm; cephalic flexure prominent; otic pit and eye well formed; mammary ridge
present (see Fig. 2-110); limb buds at plate stage; vertebral elements chondrify;
dental lamina forms.

17 mm; first ossification seen in mandible, maxilla, frontal bone, and clavicle.

19 mm; eyelids and external ear forming; sensory hairs on snout, chin, and eyebrow;
intestine herniated into umbilical stalk; five pairs of nipples; digits on forelimbs
distinct; genital tubercle prominent (see Fig. 2-12B).

27 mm; ossification of nasal, incisive, palatine, zygomatic, and parietal bones;
midshaft of ribs 4 through 10; midshaft of humerus, radius, and ulna; femur, tibia,
and fibula; canine teeth in early cap stage; palatal shelves fuse; digits on hindpaws
distinct (see Fig. 2-120).
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FIGURE 2-10 Early limb-bud embryo at 23 days of gestation. A, Lateral view. B, Dorsal view. (From Evans HE: Prenatal
development of the dog. Ithaca, NY, 1974, 24th Gaines Veterinary Symposium.)

C

FIGURE 2-11 A, Uterine horns at 25 days of gestation. B, Longitudinal section of a uterine swelling on the twenty-fifth

day of gestation. C, Beagle embryo at 25 days of gestation, 14 mm, crown-rump length. (B and C from Evans HE: A
dog comes into being. Gaines Dog Research Progress, Fall 1956.)

21
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D

FIGURE 2-12 A, The uterus of a 9-month-old Beagle with 10 embryos on the 30th day of gestation. B, Outer surface
of uterus. C, External features of a 30-day, 9-mm Beagle fetus. D. Ossifications in a 33-day, 27-mm Beagle embryo. (A
and B from Evans HE: A dog comes into being. Gaines Dog Research Progress, Fall 1956.)

In domestic animal embryos and fetuses the most widely
used measurement is the straight line C-R length, which allows
for continuous measurement during most of the prenatal
period (Table 2-3). Evans and Sack (1973) plotted prenatal
growth in several domestic animals, including the dog, and
considered the fetal stage of the dog to begin on day 35, when
the digits on both limbs were fully formed and the external
features were clearly those of a dog (Fig. 2-13).

The weights of individual embryos or fetuses within a litter
often vary considerably, and there may be a great disparity
between the smallest and the largest individual within an age
class or within a litter (Fig. 2-14). When the litter is small,
each individual tends to be heavier in the later stages of gesta-
tion, and, conversely, in large litters individual weights are
often below average for their age class.

Measurements and Growth Plots

For recording standard linear measurements of fetal growth it
is necessary to take straight-line as well as curvilinear

measurements, as indicated on Figure 2-15. For a discussion
of the coefficients of variation for various fetal measurements,

see Cloete (1939), who worked with sheep.

C-R The crown-rump length is a straight line
measurement from the most rostral point of the
crown to the base of the tail. In early somite
embryos total length is measured.

Head The head length is a straight line measurement

length (HL) from the tip of the snout to a point on the midline,
which represents the extension of a line through the
medial margin of the base of the ear. The width of
the head is measured by calipers at the widest
point between the zygomatic arches.

Lumbar The vertebral column length is taken by a string,

vertebra along the body contour from the mid-line point

(LV) where HL intersects the occiput to the tip of
the tail.

Girth (G) The thoracic girth is a string measurement of

the greatest circumference behind the thoracic
limb.



[ :IF 2N Crown-Rump Length Estimates for Each
Day of Gestation in the Beagle

DAY TOTAL LENGTH
18 1-2 mm
19 2-3 mm
20 4 mm
21 4.5 mm
22 4.5-5 mm
23 5-6 mm
24 10 mm
25 14 mm
26 15 mm
27 16 mm
28 17 mm
29 18 mm
30 19 mm
31 20 mm
DAY CROWN-RUMP LENGTH
32 25 mm
33 30 mm
34 32 mm
35 35 mm
36 41 mm
37 47 mm
38 53 mm
39 59 mm
40 65 mm
4 67 mm
42 70 mm
43 75 mm
44 78 mm
45 86 mm
46 90 mm
47 95 mm
48 97 mm
49 100 mm
50 107 mm
51 120 mm
52 130 mm
53 138 mm
54 142 mm
55 144 mm
56 145 mm
57 150 mm
58 155 mm
59 157 mm
60 158 mm
63 165 mm

Successive removals of embryos and fetuses during gestation
allow comparisons to be made between litters and provides
darta for calculating incremental growth (Evans, 1956, 1974,
1979). The average increase in length between days 35 and 40
is approximately 30.5 mm, which indicates growth of 6.1 mm
per day for the Beagle fetus (Fig. 2-16 and Table 2-4).

Size Index

The size index is a combined figure that is an average of the
sum of the five most reliable measurements: C-R length, HL,
head width, vertebral column length, and chest girth (Fig.
2-17). By combining the most reliable measurements, any
variation caused by fixation or manner of taking the measure-
ment is minimized. (All measurements were taken three times,
and the average was used.)

Fetus 23

Primitive streak Neurula Tailbud embryo
15 days 16 days 20 days
A
Late embryo Early fetus
B 30 days 35 days

C

FIGURE 2-13 A, B, Growth curve and representative developmental stages of
the dog based on more than 457 embryos and fetuses from many sources.
C, Beagle placenta opened at 35 days of gestation. Note that the yolk sac is
twice as long as the fetus. (With permission from Evans HE, Sack WO: Prenatal
development of domestic and laboratory mammals: growth curves, external fea-
tures, and selected references, Anat Histol Embryol 2:11-45, 1973.)

FETUS

By the time the dog embryo is a little more than halfway
through gestation (35 days of the 60-day mean), it has com-
pleted the embryonic period of major organ formation. The
external features enable one to recognize it as a dog, and from
this point on it can be referred to as a ferus. A Beagle fetus of
35 days postcoitus is approximately 35 mm in C-R length.
Larger dogs have somewhat larger fetuses, but in either case
the length of the fetus is equal to the width of the placental
band.

Successive removals of fetuses at intervals from the same
dog midway through gestation show the gradual increase in
the size of the uterus and the marked increase in the size of
the embryo and fetus. Figures 2-184 to F show changes at
5-day intervals for purebred Beagles.
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Weight
(in grams) 290 A 292 A 310 T367.2

280
270
260
250

240

230

220

210

200

190

180

170
160
150
140 ®
130
120
110

100 {

90

80
70 [

60

50 T e

40

30 ®

" [t

10 ®

0 & oo0-0-o0-o02 ; [ ! f [
26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
(9) (0) (5)(9) (1)(20)(1) (2) (9) (1)(22)(10)(4) (2) (0)(17)(4)(14)(6) (0)(14)(5) (1)(12)(2)(17X(13X15)3) (0)(15)(6) (3) (2) (0)(14)(0) (4) (7) (0)

Gestation age
(Animals per day)

FIGURE 2-14 Weight in grams versus gestation age in days. The vertical bar indicates the minimum and maximum weights
of individuals within the age class. (From Evans HE: Prenatal development of the dog. Ithaca, NY, 1974, 24th Gaines
Veterinary Symposium.)



External features characteristic of fetal stages are develop-
ment of pigmentation, growth of hair and claws, closure and
fusion of the eyelids, growth of the external ear, elongation of
the trunk, and sexual differentiation. At 30 days of gestation
(19 mm), the genital tubercles of the male and female appear
similar (Fig. 2-19). As the genital area develops in the male,
the mammary primordia in the vicinity involute and regress
as the prepuce forms around the growing phallus. In the
female, the vulva grows caudally as it envelops the genital
tubercle, which becomes the clitoris (Figs. 2-20 to 2-25).

FIGURE 2-15 Standard measurements taken for plotting fetal growth. The most
reliable fetal measurements are thoracic girth (G) and vertebral column length
(LV) taken with a thread, head width between the zygomatic arches, head length
(HL), and crown-rump (C-R). (From Evans HE: Prenatal development of the dog,
Ithaca, NY, 1974, 24th Gaines Veterinary Symposium.)
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FIGURE 2-16 Crown-rump length in millimeters versus gestation age in days for the Beagle. The smallest and largest
fetus for each age is indicated by the vertical bar, and the spot indicates the mean crown-rump length. (From Evans HE:
Prenatal development of the dog, Ithaca, NY, 1974, 24th Gaines Veterinary Symposium.)
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FIGURE 2-17 Size index versus gestation age in days based on 229 Beagle fetuses. (From Evans HE: Prenatal develop-
ment of the dog, Ithaca, NY, 1974, 24th Gaines Veterinary Symposium.)

Skeletal Age Criteria

Although the weight or size of embryos and fetuses may vary
within a litter, the sequence of ossification is rather uniform
within the litter.

To see the cartilaginous structures and incipient ossifica-
tions in three dimensions, it is possible to stain the cartilage
and bone preferentially, clear the entire embryo in hydroxide
and glycerin, and examine it under a dissecting microscope.
For staining embryonic cartilage, in toto, the Alcian blue tech-
nique is ideal and can be applied to fixed or fresh material
(Simons & Van Horn, 1971; Watson, 1977). When calcified
cartilage or bone is present, it can be stained with alizarin red
stain. Both techniques may be combined (Dingerkus & Uhler,
1977), resulting in a differentially stained specimen that leaves
no doubt as to the morphologic stage of the cartilage or bone
in question.

Ossification centers can be seen at an earlier stage using
alizarin-stained clearings than by using radiographic tech-
niques. When staining and clearing is preceded by the injec-
tion of contrast media into the vessels or organs (Evans, 1948),
the resulting specimen is ideal for studying developing vessels
and organs in relation to the skeleton (Fig. 2-26).

Skull

The earliest indication of the skull is seen as parachordal, tra-
becular, and branchial cartilages, which are of neural crest
origin. A well-illustrated study of the early development of the

vertebrate skull was made by de Beer (1937). As the para-
chordal and trabecular cartilages enlarge and fuse with one
another beneath the brain, they incorporate the sense capsules
(olfactory, optic, and otic) and form a troughlike cartilaginous
skull called the chondrocranium (Figs. 2-27 to 2-29). This
cartilaginous forerunner of the definitive skull, which has been
studied in the dog by Olmstead (1911) and Schliemann
(1966), is destined to ossify endochondrally ventral to the
brain (Figs. 2-30 and 2-31) and combine with the membrane-
formed bone of the desmocranium dorsal to the brain (Fig.
2-32). Drews (1933) using mongrel dog fetuses, Schliemann
(1966) studying Whippet embryos and fetuses, and Evans
(1956, 1974, 1979) studying Beagle embryos and fetuses have
described several stages of skull ossification. The cartilages of
the jaws, hyoid, and middle ear, constituting the viscerocra-
nium (see Fig. 2-31), form bone in both membrane and
cartilage, which is incorporated or attached to the adult skull,
or cranium. Evans (1958) found the sequence of fetal skull
ossification to be first facial at 34 mm/35 days (maxilla,
mandible), palatal (palatine, pterygoid), and calvarial (frontal,
parietal) centers, followed by basicranial centers at 54 mm
(basisphenoid, basioccipital) and finally the otic capsule
(89 mm) and hyoid apparatus (93 mm) (see Fig. 2-32).

Regardless of whether the bones are formed in cartilage or
membrane, there may be one or more centers of ossification,
and the structure of the definitive bone is the same. Bones
developed in membrane ossify earlier than those developed in
cartilage.
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FIGURE 2-18 Serial removals from the same Beagle in one gestation. A, Uterus at 28 days. B, Uterus at 33 days.
C, Uterus at 38 days. D, 28-, 33-, and 38-day embryos removed from A, B, and C. (E and F are serial removals at

5-day intervals from another Beagle.)

FIGURE 2-19 Undifferentiated genital tubercle of a 30-day Beagle embryo.

Thus the sheathing bone of the mandibular cartilage
(dentary) and the sheathing bone of the palatoquadrate carti-
lage (maxilla) begin to ossify on day 28 in the 19-mm embryo,
at the same time as the frontal bone of the skull roof and the
membranous portion of the clavicle. Other membrane-formed
bones of the skull, which develop eatly, are the nasal, incisive,
palatine, zygomatic, and parietal, which form by day 32 in the
27-mm embryo (see Fig. 2-37).

The branchial arches give rise to the cartilages of the jaws,
the auditory ossicles, the hyoid apparatus, and the larynx. The
lower jaw, which is part of the first branchial arch, is present
as a rodlike mandibular cartilage (Meckel cartilage) on each
side by day 25 of gestation, when the embryo is 13 to 16 mm
in length. The mandibular cartilages join rostrally, whereas
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FIGURE 2-20 Differentiated male and female external genitalia at 35 days of gestation in the Beagle.

FIGURE 2-21 External genitalia of 40-day fetal Beagles.

caudally each lies within a middle ear cavity, where its hook-
shaped articular cartilage is destined to become the malleus of
the middle ear (see Fig. 2-31 and Fig. 2-33). By day 28 of
gestation (19 mm) membrane bone begins to form around the
mandibular cartilage as the dentary. The cartilage itself at a
later stage will undergo endochondral ossification (Fig. 2-34)
in the region of the canine tooth, and thus the lower jaw is
formed by both perichondral membrane bone and endochon-
dral cartilage bone. On the dorsocaudal border of the dentary
bone a condyle develops as secondary cartilage, which then
ossifies and fuses with the body of the mandible to become
part of the temporomandibular joint.

Later developmental stages of the skull show that the
sequence of primary ossification centers shifts from facial and
calvarial centers to basicranial and otic centers, followed by
hyoid centers (Figs. 2-35 to 2-37). In some instances bone is
being formed in both membrane and cartilage simultaneously,
as in the supraoccipital, mandible, pterygoid, and temporal
bones.

Calvarial Centers

The skull roof, or calvaria (see Fig. 2-32 and Fig. 2-38), is
composed of bones that develop in membrane as paired frontal
and parietal centers. Each bone shows a central trabecular
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FIGURE 2-22 External genitalia of 45-day fetal Beagles.

FIGURE 2-23 External genitalia of 50-day fetal Beagles.

FIGURE 2-24 External genitalia of 55-day fetal Beagles.
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FIGURE 2-25 The external genitalia of male and female newborn Beagles (60 days).

B

FIGURE 2-26 Developing vessels and organs in relation to the skeleton of a 40-day Beagle fetus. A, Drawing by Lewis
Sadler. B, Injected, cleared, and stained fetus used for the drawing.

network that spreads to cover the brain. In addition to these
primary roofing bones, there is an unpaired interparietal bone
lying more superficially (overlapping the edges of the parietal
and supraoccipital bones), which fuses with the supraoccipital
bone on day 45 of gestation and only rarely maintains its sepa-

rate identity (Fig. 2-39).

Basicranial Centers

The chondrocranium ossifies to form the bones of the floor,
walls, and sense capsules of the braincase. The process is
gradual, as can be seen from Figures 2-40 to 2-47, and involves
endochondral loci that spread to predetermined borders of
homogeneous cartilaginous anlagen. Thus the basicranial axis
is formed by a central ossification for the basioccipital bone, a
similar one for the basisphenoid bone, and paired ossifications

for the presphenoid and ethmoid bones. These median ele-
ments fuse with their lateral component wings to form a sphe-
noidal complex. The presphenoid fuses with the orbitosphenoids
on each side to form a presphenoid with orbital wings, whereas
the basisphenoid fuses with the alisphenoids on each side to
form a basisphenoid with temporal wings. Both of these sphe-
noids fuse with each other (never completely in the dog) to
form the sphenoidal complex. Ossification centers for the
orbital wings appear first in the preoptic root and later in the
metoptic roots of the chondrocranial ala orbitalis. Expansion
of these centers results in a C-shaped ossification around each
optic nerve (see Figs. 2-44 and 2-45). The body of the basi-
sphenoid first appears as diffuse ossifications on the midline.
The temporal wings are the eatliest portion of the sphenoid
complex to ossify. They form as a single plaque in each ala
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FIGURE 2-27 The chondrocranium of the dog. Dorsal view. (From Olmstead MP: Das Primordialcranium eines Hundem-

bryo, Anat Hefte 130:339-375, 1911.)

temporalis of the chondrocranium, and as growth proceeds
they fuse with the median basisphenoid. There is no indication
in the chondrocranium as to where joints will form with neigh-
boring bones. The sequence of sphenoidal ossification centers
is temporal wing at 35 days (41 mm C-R), body of basisphe-
noid at 40 days (59 mm C-R), preoptic root of orbital wing
at 42 days (71 mm C-R), and metoptic root and body of
presphenoid at 43 days (76 mm C-R). The presphenoid and
their orbital wings fuse when the fetus is approximately
108 mm C-R or at 50 days of gestation. The pituitary or
hypophysis rests in the sella turcica, formed by the basisphe-
noid with the help of late ossifications called c/inoid processes.
On the rostral end of this complex the lateral ethmoids fuse
to form the sphenethmoids below the cribriform plate, and the
mesethmoid forms a median perpendicular plate.

The joint between the basisphenoid and the basioccipital is
known as the sphenooccipital synchondrosis, and that between

the basisphenoid and presphenoid is the intersphenoidal

synchondrosis. Premature fusion of either of these joints, as is
seen in brachycephalic animals, limits growth and shortens the
basicranial axis. When this occurs, the lower jaw continues
to grow in length but, being unopposed rostrally, will arch
dorsally.

Otic Centers

'The otic region consists of a cartilaginous otic capsule contain-
ing the membranous labyrinth (see Fig. 2-364). Numerous
ossification centers develop around the membranous labyrinth
of the inner ear to form the petrosal bone. The latter fuses with
the squamous temporal bone and the tympanic ring to form
the temporal complex. As the tympanic cavity develops, the
middle ear ossicles (of branchial arch origin) are enclosed in
a tympanic bulla of tympanic ring origin. The sequence of
ossification for the ossicles is malleus (38 days), incus (50

days), and stapes (55 days).
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FIGURE 2-28 Chondrocranium of the dog. Ventral view with the mandibular (Meckel) cartilage partially removed on one
side, and the hyoid cornu (Reichert cartilage) cut on both sides. (From Olmstead MP: Das Primordialcranium eines Hun-

dembryo, Anat Hefte 130:339-375, 1911.)

Hyoid Apparatus

The stylohyoid cartilage (Figs. 2-37 and 2-48) ossifies by 47
days (93 mm) followed by the thyrohyoid at 53 days (138 mm)
and the epihyoid on day 54 (141 mm). The basihyoid ossifies
1 month after birth and the ceratohyoid 2 months after birch.
The tympanohyoid does not ossify.

Teeth

The development of the dentition has been studied by Wil-
liams (1961), who found that calcification of all deciduous
teeth was initiated by day 55 of gestation and completed by
day 20 postpartum for the crowns or day 45 postpartum for
the roots. The only tooth of the permanent dentition to calcify
prenatally is the inferior first molar, which appears on day 55
of gestation.

Williams and Evans (1978) examined sectioned dog
embryos and fetuses as well as whole-mounts to determine the
time sequence of standard morphologic stages of dental devel-
opment. The dental lamina first appeared at 25 days of gesta-
tion (14 mm), and by 30 days the right and left laminae joined
across the midline, forming a continuous dental arch. The
vestibular lamina, which separates the gums from the lips and
cheeks, first arises as a distinct invagination lateral to the dental
lamina. It is recognizable in the incisor region of the 30-day
embryo, and is best developed on the lower [inferior] jaw.

Differentiation of the deciduous enamel organs in the dog
begins on about day 30 of gestation and exhibits the following
typical sequence: bud, early cap, cap, advanced cap, early bell,
and advanced bell stages. The relationship of the enamel organ
to the dentary bone and mandibular cartilage can be seen in
Figure 2-494 to C.
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FIGURE 2-29 Chondrocranium of the dog. Left lateral view with the hyoid cornu and larynx. (From Olmstead MP: Das
Primordialcranium eines Hundembryo, Anat. Hefte 130:339-375, 1911.)
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FIGURE 2-30 Ossification of the membrane bones (desmocranium) in a 40-day
Beagle fetus calvaria.

The sequence of calcification of the teeth in the Beagle is:

Third inferior premolars
Fourth inferior premolars
Superior and inferior canines
Third superior premolars
Superior incisors

Inferior incisors

Fourth superior premolars
Second superior and inferior
premolars

} 42 days (70 mm)

} 45 days (86 mm)
45 to 48 days (86-97 mm)

49 to 51 days (100-120 mm)

By day 55 (141 mm) all deciduous teeth show calcification,
as does the lower [inferior] first molar of the permanent
dentition.

Williams and Evans (1978) were unable to determine for
certain whether the first premolar tooth is a member of the
deciduous or permanent dentition. Tooth buds for the first
premolars did not appear until 47 days (95 mm), which is long
after all of the other deciduous tooth primordia have made
their appearance.

Vertebral Column

The notochord is the forerunner of the vertebral column, and
in the early embryo it is present as a solid rod of cells sur-
rounded by a sheath of paraxial mesoderm. Condensations
within the somites form the sclerotomes that surround the
notochord and partially enclose the neural tube. When chon-
drification takes place in the sclerotome, the notochord is
almost completely obliterated within the centrum. The
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FIGURE 2-31 Dorsal view of the skull of a 40-day Beagle fetus with the roof removed to show the cartilaginous chon-
drocranium. Several membrane bones of the jaws, palate, and face are ossified, as are the membrane bones of the roof

(see Fig. 2-28).
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FIGURE 2-32 The skull of a 40-day Beagle fetus in ventral view to show parts of the viscerocranium: mandibular carti-
lages, middle ear cartilages, and hyoid apparatus (Reichert cartilage).

notochord persists as a soft central core, the nucleus pulposus,
within the intervertebral disc. The intervertebral disc is
a remnant of the intercentral portion of the early
chondrification.

The lateral portions of the vertebral condensation chondrify
and grow dorsally to form the neural arches and ventrolaterally
to form the transverse and costal processes and part of the

body. The spinous process of the neural arch develops after the
arches meet and fuse. Failure of the neural arches to close
dorsally results in rachischisis or spina bifida.

By day 25 of gestation the vertebral column consists of
individual chondrified elements resembling definitive verte-
brae. Each vertebra (except the atlas and axis) is ossified from
three primary centers, one for the centrum and one for each
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FIGURE 2-33 The developing mandible and middle-ear ossicle cartilages of
a 35-mm Beagle. The dentary bone is beginning to cover the mandibular
cartilage.
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FIGURE 2-34 Medial view of the developing mandible of a 40-day Beagle fetus.
Note the ossification within the mandibular cartilage in the region of the canine
alveolus and the lack of any articular condyle at this stage.

neural arch. The centra first appear as endochondral nodular
condensations, whereas the neural arches form as perichondral
collars around the base of the cartilaginous arch (Fig. 2-50).
Although the manner of formation of centra and neural
arches differs in the early stages, later growth and ossification
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involves simultaneous perichondral as well as endochondral
ossification.

Centra

The first endochondral ossifications of the Beagle vertebral
column appear at 38 days (54 mm) in thoracic and lumbar
regions. These are closely followed by ossifications of C2, C6,
and T4 to T6. Intervening centra are ossified rapidly in both
directions, resulting in a continuous series from C2 through
L6 by 55 mm (Fig. 2-51).

The composition of the body (corpus) of the atlas and also
that of the axis is different from that of all other vertebrae
because, developmentally, part of the atlas centrum fuses with
that of the axis (Figs. 2-52 and 2-53). The atlas is left with only
intercentrum I as a body (Fig. 2-54), whereas the axis
has centrum I, intercentrum II, and centrum II as its body
(Fig. 2-55).

Watson and Evans (1976) and Watson (1981) studied a
series of known-age Beagle fetuses and newborns to determine
the time of initial ossification and the number of elements that
fuse to form the atlas and axis.

At birth the atlas is composed of three ossifications: a pair
of arches and a body that is only its intercentrum (see Fig.
2-54). Thus seven bony elements form the axis and three bony
elements form the atlas, a total of ten bones. The appearance
and fusion times of these elements varies even within litters
(Watson et al., 1986).

The body of the atlas (intercentrum I) first appears as an
ossification in the 42-day (73-mm) fetus and is always present
after 46 days (92 mm). The earliest appearance of an ossified
dens is on day 42 (71 mm), although it may still be lacking in
some individuals as old as 46 days (89 mm). Between the dens
and the centrum of the axis after birth there is an ossified
intercentrum II. All elements of the axis fuse with one another
by the fourth month postpartum.

Lumbar centra and the first sacral centrum are all present
by day 40 (59 mm). Sacral vertebrae are slow to ossify, but by
43 days (73 mm) all three sacral centra are present. Additional
ossifications in the sacral region are located lateral to S1 and
S2 and represent sacral “ribs” of ancestral forms (see Fig. 2-58).
Subsequent growth and fusion result in a combined sacrum
dominated by S1, with its large auricular surface for articula-
tion with the ilium.

Caudal centra are the last to appear. They exhibit typical
endochondral ossifications from Cdl to Cd4 but have peri-
chondral plus endochondral ossifications from Cd5 to Cd20.
The number of caudal vertebrae was a constant 20 in the
Beagles studied.

Neural Arches

Neural arch ossification was seen in fetuses from 48 to 58 mm
C-R length. The initial bilateral perichondral plaques become
bony collars before ossification spreads into the pedicles and
laminae prior to birth. Bone forms a little sooner in the axis
than in the atlas (see Fig. 2-51).

Paired perichondral neural arch ossifications first appear in
the cervical region and increase in a craniocaudal sequence.
Their earliest appearance at 38 days (54 mm) shows them to
be present from C1 through T7. Rarely do the right or left
ossification centers differ in their time of formation. By day 42
(72 mm) the sequence of neural arch ossifications becomes
discontinuous because caudal neural arches 5 through 8 show
premature ossification before sacrals 1 and 2 or caudals 1 to 4

Text continued on p.42
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FIGURE 2-35 Ventral view of the skull of a 45-day Beagle fetus with the mandible removed to show the extent of the
palate and alveolar surface.
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FIGURE 2-37 Diagrammatic dog skull showing the sequence of initial ossifications. The numerals indicate the fetal size
in millimeters at which time each of the bones begins to ossify. Blue bones with a dotted outline are formed in cartilage.
(From Evans HE: Prenatal development of the dog, Ithaca, NY, 1974, 24th Gaines Veterinary Symposium.)
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FIGURE 2-39 The interparietal bone makes a transitory appearance on about the
45th day of gestation. It soon fuses with the supraoccipital bone and becomes

Temporal indistinguishable from it. On rare occasions it remains as a separate bone in the
adult. Note that its position is more superficial than that of the supraoccipital and
parietal.
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FIGURE 2-38 Dorsal view of the skull in a 45-day Beagle fetus. The fontanel
between the frontal and parietal bones will close before birth.
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FIGURE 2-40 Skull of a 40-day, 59-mm fetal Beagle, dorsal view, calvaria removed. Note that the earliest ossifications
of the basicranial axis are in the basisphenoid and basioccipital bones.
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FIGURE 2-41 Skull of a 40-day, 71-mm fetal Beagle, dorsal view, calvaria removed. Note that the preoptic root of the

orbitosphenoid wing has ossified.
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FIGURE 2-42 Dorsal view of the skull of a 45-day, 73-mm Beagle fetus, calvaria removed. Note the metopic root of the
orbitosphenoid on one side.
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FIGURE 2-43 Dorsal view of the skull of a 42-day, 88-mm Beagle fetus, calvaria removed. Note the presphenoid on the
left side.
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FIGURE 2-44 Dorsal view of the skull of a 45-day, 92-mm Beagle fetus, calvaria removed. Note that the preoptic and
metoptic roots have fused, that both presphenoids are present, and that each pterygoid has two ossification centers.
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FIGURE 2-45 Dorsal view of the skull of a 50-day, 105-mm Beagle fetus, calvaria removed. Note that the incus and

fourth superior premolar are ossified.
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FIGURE 2-47 Dorsal view of the skull of a newborn Beagle (60 days), calvaria removed. The intersphenoidal synchondrosis
and the sphenooccipital synchondrosis are very prominent.
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—— Stylohyoid

FIGURE 2-48 The larynx and hyoid apparatus of a 47-day Beagle fetus. Only the
stylohyoid is ossified.

ossify (see Fig. 2-51). The precocious development of these
caudal vertebrae in fetuses between 42 and 45 days may be a
response to the developing rectococcygeus muscle, which
attaches to the fifth and sixth caudal vertebrae.

The extent of vertebral ossification at 40 days and at birth
is shown for each of the regions in Figures 2-54 to 2-59.

Ribs
All ribs are cartilaginous until day 31, when ribs 3 through 9

begin to ossify at midshaft as perichondral collars. By 40 days
the shafts of all ribs are ossified dorsally (see Fig. 2-77B).

Sternum

Evans (1960a, b) investigated the development of the sternum
in 67 embryos and fetuses from 18 purebred Beagles.

The sternum consists of eight sternebrae with intervening
cartilages to which the ribs attach. In the early embryo (15 mm)
a longitudinal mesodermal bar develops on each side in the
lateral body wall independent of the ribs and clavicle. As the
body wall grows and encloses the pericardial sac, the sternal
bars migrate toward the ventral midline, followed closely by
the ventral ends of the ribs. By 18 mm (25 days) the sternal
bars almost meet at the manubrium but are widely separated
caudally (Fig. 2-60). Subsequent growth and fusion of the
sternal bars is followed by hypertrophy of the chondroblasts
and initiation of ossification in sternal regions between the
attachments of the costal cartilages.

The ventral ends of ribs 2 through 7 fuse homogeneously
with the sternal bars, whereas the first, eighth and ninth ribs
remain independent of the sternum for a short period. Growth
of the body wall allows the sternal bars to unite progressively
caudalward with each other on the midline (Fig. 2-61). All
evidence of the bilateral nature of the sternal bars is usually
lost after fusion of the cartilages occurs and prior to ossifica-
tion. However, nonunion of the sternal bars in the xiphoid
region can result in the presence of a xiphisternal foramen
(Figs. 2-61 and 2-62) or widely separated terminal ends
(Fig. 2-63) that will never fuse.

The earliest ossifications of the sternum are seen in 40-day
(73-mm) fetuses as endochondral centers (Fig. 2-64). Later
ossifications may be either endochondral or perichondral.
There is considerable interlitter and intralitter variation in both

the manner of ossification and the number of sternebrae ossi-
fied at any particular time, even in closely related dogs. Occa-
sionally, the ossification center for the first sternebra is lacking,
although the second through sixth are present. The seventh and
eighth sternebrae often exhibit eccentric ossification centers in
early development (Fig. 2-64). The xiphisternum is the most
variable element and may have a foramen, a fissure, or a
cleft, depending on the manner of final fusion of the sternal
bars.

Chen (1953) demonstrated experimentally that hypertro-
phy of the chondroblasts and subsequent ossification are inhib-
ited where sternal ribs are attached. Evidence of this
phenomenon can be seen in Figures 2-66 and 2-67, which
represents atypical development of the first sternebra caused
by the inhibitory effect of an atypical sternal rib. All ossifica-
tion centers of the sternebrae bear a constant relationship to
the attachment of ribs, although a very wide sternum may
minimize the inhibitory effect and result in variable fusions
of adjacent sternebrae to form a sternal bar or irregular
plates.

Limbs and Girdles

The thoracic limb-bud is the first to develop, on about day 23
of gestation, when the embryo is about 5 mm long. It appears
as an oval paddle closely attached at midbody (see Fig. 2-10A4).
The pelvic limb-bud develops about a day later.

On day 25 (14 mm) the thoracic limb shows incipient digit
formation in the form of a crenulated margin of the apical
ridge (see Fig. 2-11C). On day 28 the clavicle ossifies as one
of the first four bones to appear in the embryo. (The others
are the mandible, maxilla, and frontal.)

By day 30 the thoracic limb has lengthened and pronated,
and its digits are distinct. The pelvic limb at 30 days resembles
the thoracic limb of 5 days earlier (see Fig. 2-12B). A further
increase in the size and length of the limbs by day 35 (35 mm)
delimits the joints and produces well-formed digits with devel-
oping claws. At this time perichondral ossification of the long
bones begins at midshaft in both limbs and results in primary
bone collars without endochondral involvement (Fig. 2-684
to H).

The scapula at 35 days has three perichondral ossification
centers: (1) a triangular area on the cranial margin of the
supraspinous fossa, (2) a short bar at the midpoint of the
scapula spine, and (3) a plaque in the central area of the infra-
spinous fossa. All three ossification centers join by day 40 and
form a continuous perichondral collar around the scapula,
although there is a distinct triangular region on the cranial edge
of the supraspinous fossa that persists until birth (Figs. 2-69
and 2-70).

The clavicle (Figs. 2-68 to 2-71) originates as a comma-
shaped “membrane” bone in the tendinous intersection of the
brachiocephalicus muscle on day 28 and increases in size by
the addition of bone formed in secondary cartilage. It contin-
ues to grow in size after birth as a thin plaque rather than as
a hooklike nodule of earlier stages.

The humerus, radius, and ulna do not form epiphyses prior
to birth. Although all of the metacarpals and phalanges are
ossified by the end of gestation, none of the carpals ossify prior
to birth (see Figs. 2-69 to 2-71).

The pelvic girdle is completely cartilaginous until day 40,
when a perichondral bone collar develops around the ilium
(Fig. 2-72). Several days later (day 45) the ischium ossifies (Fig.
2-73), and shortly before or at birth (day 55 to 60) pubic
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FIGURE 2-49 The relationship of the enamel organs to the dentary bone and mandibular cartilage. Based on a reconstruc-
tion of a 71-mm Beagle fetus. A, Ventral view—dentary bone removed on the right side of the fetus. B, Lateral view. C,
Transection. (With permission from Williams RC, Evans HE: Prenatal dental development in the dog, Canis familiaris:
chronology of tooth germ formation and calcification of deciduous teeth, Zbl Vet Med C Anat Histol Embryol 7:152-163,
1978.)
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FIGURE 2-50 Cranial view of the eighth thoracic vertebra and rib of a 40-day
Beagle fetus.

Fetus C-R Cervical Thoracic

10234567 |12345678910111213 (1234567 |123|1234567891011121314151617 181920

138L2 54
R3
R1 55
L3 -
A185L3 59
L4
A166R1 71
[
R3 72
A20R3 73
R2 77
R1 "
Al4R1 “
L1 81
R2 82
R5 83
C7L4 80
L2 88
L1 89
149R3 92
R1 93
L1 95
A168I3 105
R3 92
R2 110

Ossification of the vertebral column

centers appear (Fig. 2-74). The acetabular bone does not
appear until several weeks after birth.

The femur, tibia, and fibula ossify perichondrally at first, as
do the metatarsals and phalanges. A cartilaginous patella is
present in the tendon of the quadriceps muscle throughout the
second half of gestation. Only the talus and calcaneus ossify
before birth in the tarsus.

The forepaw and hindpaw show intra- and interlitter varia-
tions of the metapodials as to their presence, duplication, and
time of ossification. Metapodials 3 and 4 are followed closely
by 2, 5, and 1. All of the phalanges ossify in the typical mam-
malian sequence of distal, then proximal, then middle phalanx
(Figs. 2-70, 2-71 and 2-73 through 2-75). Digits 2 and 3 are
the first to ossify.

Lumbar Sacral Caudal

Cenfrum =
Neural arch CC——1

FIGURE 2-51 Histogram of vertebral ossifications within several litters of purebred Beagles. (From Evans HE: Prenatal
development of the dog, Ithaca, NY, 1974, 24th Gaines Veterinary Symposium.)
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Carpus

Reconstructed serial sections of the carpus of a 35-mm C-R
length Beagle fetus showed that the radiale and intermedium
of the embryonic carpus had fused to form an intermedioradial
carpal cartilage (see Fig. 2-69), but the central carpal was still
distinct. At some later stage the central carpal fuses with the
combined radial carpal plus the intermediate carpal. Thus by
55-mm C-R length (42 days of gestation), if not before, there
are only seven carpal cartilages: a proximal row consisting of
intermedioradial, ulnar, and accessory; and a distal row of
carpals 1 to 4. By 55 mm the only bones in the forepaw are
metacarpals 2, 3, 4, and 5, which have perichondral ossifica-
tions at midshaft (see Fig. 2-69). The next ossifications to be
seen are distal phalanges by 59 mm, followed by proximal
phalanges at 71 mm, and middle phalanges at 80 mm (see Fig.
2-75).

See Table 2-5 for a summary of the morphologic events
during the third trimester of development.

FIGURE 2-52 Atlas, caudal aspect. A, At 40 days of gestation. B, At birth.

A

Right half of neural arch

AN

FIGURE 2-54 The three components of the atlas of an 80-day-old Beagle pup.
Intercentrum | will become the body of the atlas. (From Watson AG: The phylogeny
and development of the atlas-axis complex in the dog, Thesis, Ithaca, NY, 1981,

Intercentrum |

B

FIGURE 2-53 Axis, craniolateral aspect. A, At 40 days of gestation. B, At birth. Cornell University.)
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FIGURE 2-55 The seven components of the axis of an 80-day-old Beagle pup. (From Watson AG: The phylogeny and
development of the atlas-axis complex in the dog, Thesis, Ithaca, NY, 1981, Cornell University.)
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1em FIGURE 2-56 Third cervical vertebra, cranial aspect. A, At 40 days of gestation.
B B, At birth.

FIGURE 2-57 Cranial aspect of fourth tho-

racic vertebra. A, At 40 days of gestation.

B B, At birth. Craniolateral aspect of fourth
lumbar vertebra. C, At 40 days. D, At birth.
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D

FIGURE 2-58 The sacrum at 40 days. A, Craniolateral aspect. B, Left lateral aspect. The sacrum at birth. C, Left lateral
aspect. D, Ventral aspect. (Note the ossified nodule on each side of the first sacral vertebra. This is a remnant sacral
“rib.”)

A B C D E

FIGURE 2-59 Caudal vertebrae. A, First caudal vertebra, 40 days, lateral aspect. B, First caudal vertebra, 40 days, dorsal
aspect. C, First caudal vertebra at birth, craniolateral aspect. D, Fifth caudal vertebra, 40 days, craniolateral aspect.
E, Tenth caudal vertebra, at birth, craniolateral aspect.

FIGURE 2-60 Sternal bars and ribs of a 25-day Beagle fetus. Dorsal view.

FIGURE 2-61 Evidence of the bilateral origin of the sternum can still be seen
after fusion of right and left sternal bars.
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A B C
FIGURE 2-62 Ossification of sternebrae at about 40 days of gestation (72mm). A, The first ossifications may be single
or in tandem. B and C are fetal-mates showing endochondral ossifications. In B, the sternal ossifications are oblique
owing to the uneven placement of the ribs, which inhibit ossification. In C, the ossification centers are normal, as are the
ribs.

FIGURE 2-63 Widely separated ends of the non-united sternal bars can result in
an anomalous infracostal arch.

FIGURE 2-64 Fetal-mates at 55 days of gestation (138 to 150 mm crown-rump
length) showing differences in the pattern of ossification of the xiphisternum.
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FIGURE 2-66 Inhibition of ossification of the first sternebra due to an anomalous
first rib.

FIGURE 2-65 The endochondral ossification center for the seventh sternebra in
this 50-day Beagle fetus (110 mm) is eccentric.

FIGURE 2-67 Diagonal ossification centers due to uneven apposition of ribs.
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H
FIGURE 2-68 A to H, Progressive ossification of the thoracic limb and girdle.
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FIGURE 2-69 The pectoral girdle and limb of a 55-mm (42-day) Beagle fetus.

There are no ossifications in the carpus or digits.
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FIGURE 2-70 The pectoral girdle and limb of a 93-mm (45-day) Beagle fetus.
The distal phalanges of all digits are ossified as well as the proximal phalanges
of digits 2 through 5. Of the middle phalanges, only 2, 3, and 4 show small

endochondral centers.
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FIGURE 2-71 The thoracic limb and girdle at birth (60 days).
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FIGURE 2-72 Ossification of the pelvic limb and girdle on the fortieth day of gestation in the Beagle. A, Ventral view of
pelvis. B, Lateral view of pelvis. C, Laterodorsal view of pelvic limb.
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FIGURE 2-73 Ossification of the pelvic limb and girdle on the 45th day of gestation in the Beagle. A, Ventral view of
pelvis. B, Lateral view of pelvis. C, Laterodorsal view of pelvic limb.
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FIGURE 2-74 Ossification of the pelvic limb and girdle in the Beagle, at birth (60 days). A, Ventral view of the pelvis.
B, Lateral view of the pelvis. C, Laterodorsal view of the pelvic limb.
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FIGURE 2-75 Histogram of the sequence of ossification in the metapodials and phalanges. (From Evans HE: Prenatal
development of the dog, Ithaca, NY, 1974, 24th Gaines Veterinary Symposium.)
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Summary of Morphologic Events During the Third Trimester of Development

BITCH FETUS

35 Days (Fig. 2-76)

37 Days

38 Days

39 Days

40 Days (Fig. 2-77)

42 Days

43 Days

45 Days (Fig. 2-78)

50 Days (Figs. 2-79
and 2-80)

55 Days

60-63 Days-Whelping
(Parturition)

Uterine swellings 43 x 74 mm, width of placenta equal to
length of fetus.

Uterine swellings 54 x 81 mm; width of placenta approximately
equal to the length of fetus; a firm cervical plug is formed.

Uterine swellings less distinct from one another; uterus bent
upon itself to conform with available space in the abdomen;
width of placenta less than the length of fetus.

The uterus has enlarged to such a degree that individual
swellings are no longer apparent; adjacent fetuses are in
contact.

The uterus is very large, and the fetuses can move freely within
the placental band.

Restless, prepares bed, cervix dilates, fetal movement apparent.
Corpora lutea are the source of progesterone and are required
for the maintenance of pregnancy throughout gestation in the
dog. Concannon et al. (1977) and Concannon (1991) found
that progesterone levels of more than 5 ng/mL prevent
normal parturition. The levels in pregnant bitches decline
rapidly 36 to 48 hours prior to parturition, and no pups are
born until levels are less than 2 ng/mL.

Kim et al. (2007) reviewed the methods used for timing canine
gestational age. Their study evaluated pregnancies of 63
bitches from 19 breeds. The most reliable key was the
preovulatory luteinizing hormone (LH) surge and concomitant
increase in serum progesterone concentration. The peak in
serum LH (Day 0) is followed by ovulation in approximately 2
days (Day 2) as shown by Concannon et al. (1983).

35 mm; eyelids developing so that eye is almost covered;
pinna covers ear opening; sex determination possible
externally; sternal bars united on midline; ossification of
temporal, pterygoid, and lacrimal bones; scapula and ribs 2
through 13 are ossified at midshaft.

47 mm; ossification of supraoccipital and temporal wing of
basisphenoid; first rib neural arches C1 through C4;
metacarpals 2, 3, and 4; ilium at midshaft.

53 mm; ossification of exoccipital, vomer, tympanic ring,
malleus, and midportion of mandibular cartilage; vertebral
centra C2 through L6; vertebral arches C1 through T8;
metacarpals 1 through 5 and metatarsals 2 through 5.

60 mm; ossification of orbital wing of presphenoid;
basisphenoid; and basioccipital; central C2 through S1,
arches C1 through S1; distal phalanges of digits 1 and 2 of
forepaw and digit 2 of hindpaw.

65 mm; eyes closed and lids fused; umbilical hernia
eliminated; claws formed on all digits.

70 mm; ossification of dens of axis; caudal vertebral centra 6
through 11; sternebrae 1 through 5; distal phalanges 1
through 5 in both paws; proximal phalanges 3 and 4 in
both paws.

76 mm; ossification of body of atlas (intercentrum 1); caudal
vertebral centra 1 through 14, arches 6 through 8;
sternebrae 1 through 7; proximal phalanges 1 through 5 in
forepaw, 2 through 5 in hindpaw.

86 mm; color markings appear, and body hair begins to
grow; scrotal swellings are large, and labia are prominent;
calcification of inferior premolars; interparietal bone ossifies
independently and then fuses with the supraoccipital;
ossification of presphenoid; vertebral centra C1 through
Cd17, arches C1 through S3, Cd2 through Cd4, Cd9
through Cd13; middle phalanges 3 and 4 of forepaw;
phalanx 3 of hindpaw; ischium.

107 mm; body well proportioned; caudal nipples of male
involute as penile structures grow cranially; ossification of
lateral ethmoid, petrosal, incus, stylohyoid; vertebral centra
and arches C1 through Cd18; sternebrae 1 through 8; all
metacarpals and phalanges of forepaw.

144 mm; all deciduous teeth show calcification, and inferior
first molar calcifies (a permanent tooth); ossification of
thyrohyoid and epihyoid; sacral “ribs” 1 and 2; all vertebral
arches and centra; all metapodials and phalanges; pubis;
calcaneus.

150 mm; ossification of basihyoid; sacral wing of S1; talus.

158 to 175 mm long. Well haired; eyelids closed. Carpals and
tarsals not ossified except for calcaneus and talus. The only
tooth of the permanent dentition to be ossified at birth (but
not erupted) is the first inferior molar (Evans, 1956).
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FIGURE 2-76 Developmental status on the 35th day of gestation. A, External features. Note the normal occurence of
umbilical hernia of the intestine shown in pink. B, Fetus within its membranes and placenta. Note the faint outline of the
yolk sac. C, A mongrel fetus and placenta of about 35 days of gestation. The placenta has been opened, and the vessels
injected with latex. (Note vascularization of yolk sac.)

A
B
FIGURE 2-77 Developmental status on the 40th day of gestation. A, External
features. B, The skeleton.
B

FIGURE 2-78 Developmental status on the 45th day of gestation. A, External
features. B, The skeleton.
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C

FIGURE 2-79 Developmental status on the 50th day of gestation. A, Exterior of the uterus. B, Placental bands, myome-
trium removed. C, External features of the fetus.

FIGURE 2-80 A, Exterorized uterus of a Beagle at 50 days of gestation. B, Removal of fetuses from the left horn.
C, Exterorized uterus at 55 days prior to the removal of fetuses from the other uterine horn. Note the shrinkage of the
left horn of the uterus after a 5-day interval.



FIGURE 2-81 External features on the 55th day.
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The Integument

Falkhri Al-Bagdadi

he common integument (integumentum commune) com-

prises the skin, hair, claws, pads, and skin glands, includ-
ing the glands of the paranal sinus and the mammary glands
(Bereiter-Hahn et al. 1986).

The skin (cutis) consists of a superficial epidermis of strati-
fied squamous epithelium, and an underlying connective
tissue, the dermis. The interface between the epidermis and the
dermis is formed by a functional basement membrane made
up of matrix proteins (Ghohestani, Rouselle, & Uitt, 2000).
The skin is underlain by a subcutis (tela subcutanea or hypo-
dermis), which is not part of the skin. The subcutis functions
as a moveable support for the skin allowing it to glide over
underlying tissues. It connects the dermis with the fascia and
the various forms of hair (pili) that compose the coat. The skin
prevents desiccation and informs the central nervous system of
its contacts. The skin of puppies is more permeable.

As a sensory organ, the skin is the receptor for the percep-
tion of touch, pressure, vibration, tension, noxious stimuli,
heat, cold, and harmful chemicals (Iggo, 1962, 1977). It pre-
vents trauma, protects the body from the invasion of microor-
ganisms and noxious chemicals, and regulates temperature
change. In regard to heat regulation, however, the skin of the
dog serves only a limited role via sweat glands (Iwabuchi,
1967) and superficial capillary beds because of the alternative
route of thermal panting (Blatt et al., 1972). The skin lacks
superficial arteriovenous shunts (Thoday & Friedman, 1986),
and the hairy skin is devoid of eccrine sweat glands (Muller
et al., 1989). The skin acts as the site of vitamin D synthesis,
and the subcutaneous tissues serve as a reservoir for fat, elec-
trolytes, water, carbohydrates, and proteins. Secretions of skin
glands not only waterproof and lubricate the skin, but also
function as pheromones for recognition (Parks & Bruce, 1961)
and, in the case of the mammary glands, as nourishment for
the young.

The skin has an immunosurveillance potential and is often
subject to allergic reactions, dermatitis, and parasitic invasion.
Immunologic events are modulated by the production of a
cytosine, an epidermal cell-derived thymocyte-activating
factor (Choi & Sander, 1986). The skin may reflect the state
of health of the animal as well as indicate cutaneous manifesta-
tions of internal disease, such as icterus, cyanosis, and edema.
After injury or surgery the edges of skin wounds gape, owing
to continuous tension of the skin.

The dermis (corium) consists of a connective tissue bed
containing blood vessels, lymphatics, muscles, and nerve
endings covered by stratified squamous epithelium. The skin
is continuous at the natural body openings with the mucous
membranes of the digestive, respiratory, and urogenital tracts
as well as with the conjuctivae of the eyelids, the lacrimal duct,
and the tympanic membrane.

CHAPTER

The hair coat (pi/i), consisting of cover hairs (capilli) and
wool hairs (pili lanei), is densest on the dorsal and lateral por-
tions of the body, whereas the abdomen, the flanks, the inside
of the ears, and the underside of the tail are sparsely haired.
‘The claws (unguicula) are horny coverings of the third phalan-
ges of the digits.

There are large tactile hairs (pili tactiles) on the muzzle (pili
tactiles labiales superiores), mandible (pili tactiles mentalis) and
dorsal to the eyes (pili tactiles supraorbitales). There are usually
two genal tubercles on each side of the face, from which long
hairs grow. The specialized hairs of the eyelids, or eyelashes
(cilia), are stiff and larger than other hairs. The ventral body
surface (Fig. 3-1) is characterized by hairless areas, such as the
median raphe of the linea alba, the umbilicus, nipples, and
the sparsely haired mammary glands (¢glandula mammaria).
The hairy skin is thickest over the neck, dorsal thorax, rump,
and base of the tail. The skin of the pinna of the ear, axilla,
and inguinal and perianal regions is thinnest.

All skin areas are composed of epidermis and dermis
(corium) and are underlined by the subcutis (hypodermis, tela
subcutanea). The skin is thicker on the dorsal part of the neck,
trunk, and tail than on the belly, the flank, or medial side of
the limbs. The skin, hair, and subcutis of the newborn puppy
represent approximately 24% of the total body weight. Owing
to differential growth of various body parts, this percentage is
reduced 12% by 6 months of age. Additional information
concerning canine skin may be found in Webb and Calhoun
(1954), Lovell and Getty (1957), Blackburn (1965), Warner
and McFarland (1970), Calhoun and Stinson (1976), Sokolov
(1982), Muller et al. (1989), Scott et al. (2001), and Dyce
et al. (2002).

EPIDERMIS

The thickness of the hairy skin ranges from 0.5 to 5 mm
(Scott, 1980). Processing skin samples obtained from dogs for
histologic evaluation caused changes in sample dimensions; the
samples decreased in length and width 32% and increased in
thickness 75%, compared with their original dimensions
(Reiner et al., 2005). The thicker portions of the skin are found
near the hair follicle orifices and the hairy margins of the
mucocutaneous junctions. According to Lloyd and Garthwaite
(1982) the canine stratum corneum has a mean thickness of
13 wm and consists of 50 cell layers. The epidermis of nonhairy
skin varies in thickness owing to the system of ridges that occur
at the dermal-epidermal junction. The nonhairy margins are
of the lip, eyelid, prepuce, vulva, and anus. The thickest epi-
dermis occurs on the nasal skin and digital and metapodial
pads. The epidermis of the planum nasale is 200 um at the
time of birth and 600 m at 6 months of age. The epidermis
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FIGURE 3-1 Scanning electron micrograph shows the folded skin and sparsely
scattered complex hair follicles on the abdomen, near the linea alba by the
umbilicus of an adult male Fox Terrier.

of the foot pads is 200 pum at birth and increases to 1800 um
at 6 months of age. The thickness of various cutaneous sites in
the live dog in relation to hydration status and fluid distribu-
tion has been recorded by the use of high frequency ultraso-
nography. The skin thickness (epidermis plus dermis) ranged
from 2.211 mm to 3.249 mm. The greatest thickness is in the
sacral, frontal, flank and metatarsal regions (in decreasing
order). Ultrasonography is a noninvasive tool in the evaluation
of skin hydration in healthy dogs and in dogs with skin edema
(Diana et al., 2008) and can be used instead of the current
evaluation of skin hydration in dogs, which relies on clinical
palpation by picking up the skin with the fingers (Chesney,
1995; Hester et al., 2004; Welzel et al., 2001). The greatest
skin thickness is found in the Shar Pei breed and the least skin
thickness in the Zwergpinscher and the Toy Poodle breeds.
There was no correlation between body weight and skin thick-
ness of dogs according to Diana et al. (2004). A positive cor-
relation in vivo was detected between cutaneous thickness
measured by the use of ultrasonography and measurements
obtained by the use of histologic examination, which is inva-
sive, time consuming, and costly (Diana et al., 2004).

DERMIS

The thickness of the dermis, or corium, varies in different body
areas and at different ages. The dermis of the planum nasale
and foot pads is 300 wm at birth and increases to 800 um at
6 months of age. The differences in thickness of the hairy skin
that can be observed by comparing the dorsal area with the
abdominal area are due to the difference in thickness of the
dermis. Dermal papillae of the hairy skin are not present in
the dog owing to the lack of the epidermal rete ridges (Muller
et al., 1989). The dermis of the skin of the dorsal region is
700 pm at birth and increases to 1500 pm at 6 months of age.
The dermis in the abdominal region is 300 pm at birth and
increases to 800 (m at 6 months of age.

STRUCTURE OF THE DERMIS AND CHANGES
WITH AGE

The dermis is composed of fibroblasts, fibers, and various
structures such as blood vessels, nerves, cells of blood or tissue
origin, and tissue fluid. According to Muller et al. (1989), the
dermis of the Chinese Shar-Pei, a breed with excessive skin

folds, contains a considerable amount of mucin. Fibronectin
released by fibroblasts, endothelial cells, and histiocytes (Clark,
1983; Quaissi & Capron, 1985) regulates vascular permeabil-
ity, wound healing, and cytoskeletal orientation (Muller et al.,
1989). Skin glands and hair follicles are embedded in the
dermal tissue. Fibers of smaller diameter are found in the
superficial dermis adjacent to the epidermis. The larger col-
lagenous fibers are in the deeper layer of the dermis. The size
of the fibers, the population density of fibroblast nuclei, and
the plasma cell content of the dermis undergo developmental
changes with the increase in thickness that occurs between
birth and 6 months of age.

At the time of birth, there are many reticular fibers through-
out the dermis. By 3 weeks most of them have been replaced
by collagen fibers. A few reticular fibers remain just deep to
the epidermis, around hair follicles, and surrounding sebaceous
and sweat glands. Collagen fiber bundles increase in size and
number as the dermis thickens with age. Collagen fibers
account for 90% of the fiber component of the dermis
(Thomsett, 1986). At birth, the collagen fiber bundles measure
3 or 4 wm in diameter, and at 6 months they measure 19 to
20 pm. Concurrent with this gradual increase is a correspond-
ing decrease in the size of the spaces between the fiber bundles.
There is also an increase in the size and number of elastic fibers.
At birth, elastic fibers are small, branching, and filamentous,
less than 0.5 pm in diameter. By 6 months they are thick,
undulating fibers of 1.5 to 2 um in diameter. Irwin (1966)
illustrated tension lines in dog skin that are determined by the
orientation of connective tissue, gravity, and physical forces.

Senile changes in dog skin were noted by Baker (1967). A
skin incision made across the tension line gaps maximum,
heals in longer time, requires more sutures, and results in a
wider scar. A skin incision made parallel to the tension lines
requires fewer sutures and heals better with minimum or no
scar (Fig. 3-2).

Fibroblast nuclei in the dermis are more densely distributed
at birth than at 6 months of age. Per unit area, there are twice
as many nuclei at birth as at 6 months. Mast cells occur in all
parts of the dermis and subcutaneous fat tissue (Emerson and
Cross, 1965). They are present in greatest numbers in the
reticular layer of the dermis, with fewer in the papillary layer
and subcutis. They are usually most numerous around the walls
of small blood vessels (Sokolov, 1982) and frequently surround
sebaceous glands and apocrine or eccrine glands. They are most
numerous in the skin of the ears and appear in decreasing
numbers in the skin of the vulva, prepuce, medial thigh, foot
pad, and external nares. The subcutis consists of panniculus
adiposus and fibrous connective tissue. The subcutis anchors
the dermis to the bone periosteum, muscle perimysium, and
cartilage perichondrium. Subcutis fat is characteristic of the
carpal, metacarpal, metatarsal, and digital pads; it acts as a
shock absorber. The adipose layer varies according to breed and
individual variations for body regions (Schwarz et al., 1979).
The histologic examination of various regions of aged dogs
showed atrophy of the epidermis, appendages, and dermis with
decrease in hair numbers (Baker, 2008).

PIGMENTATION

Conroy and Beamer (1970) studied the development of mela-
noblasts and melanocytes in the skin of Labrador Retriever
fetuses. The earliest melanoblasts were demonstrable in the
primordial dermis of the head, thorax, and abdomen of 29-day
fetuses. The melanoblasts were most numerous in the deeper



two thirds of the primordial dermis in contact with or near
blood vessels. The frequent contact or close association of
melanoblasts with blood vessels suggests that the cells migrate
along blood vessels in their journey from the neural crest to
their destination in the epidermis. Dendritic dermal

FIGURE 3-2 Composite drawings of three dogs to show tension lines in the skin.
A, Lateral. B, Ventral. C, Dorsal. (Courtesy Irwin DHG: Tension lines in the skin
of the dog, J Sm An Pract 7:593-598, 1966.)
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melanocytes first appeared in the 37-day fetus, and scattered
epidermal melanocytes appeared in 29-day fetuses. Their
numerical distribution in various regions of the body con-
formed to a dorsoventral gradient. Melanocytes were present
in primordial and differentiating hair follicles, eccrine sweat
glands, and sebaceous glands.

Skin pigment is not visible in fetuses of less than 33 days
but is readily observed in a 37-day embryo. In 40-day fetuses,
cutaneous pigmentation is prominent on the muzzle, eyelids,
and ears. A fetus of 46 days is heavily pigmented except for
parts of the digital pads, the central part of the planum nasale,
the metapodial pads, the median superior and inferior lips, the
chin, the hard palate, and the tongue. Skin pigmentation is
most prominent on the dorsal and lateral aspects of the head
and body. A nearly full-term fetus of 55 days has abundant
hair and is completely pigmented externally including digital
pads and claws, although the claws are somewhat less pig-
mented than the integument. The oral cavity is not pigmented
except for the lips.

NASAL SKIN

The nasal skin is usually heavily pigmented, tough, and moist.
On close examination of the surface of the planum nasale,
polygonal plaquelike areas are observed, which give the nasal
skin an irregular appearance (Fig. 3-34 and B).

On histologic examination, no glands can be demonstrated
in the epidermis or dermis of nasal skin. The moisture that
appears on the nasal surface is derived primarily from serous
gland secretions of the lateral nasal gland and other glands that
drain into the vestibule (Blatt et al., 1972).

The dermis of nasal skin is composed of reticular, collage-
nous, and elastic fibers, together with fibroblasts, blood vessels,
and nerves. The blood vessels and nerves are larger in the
deeper layers of the dermis than in the more superficial layers.

Stratum
corneum

Dermis

FIGURE 3-3 The planum nasale. A, Area from which surface photograph was taken. B, Scanning electron micrograph
shows polygonal plaques of varied shapes separated by grooves. C, Section of epidermis and dermis. D, Scanning electron
micrograph of a section of the