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Foreword 

The woodchuck (Marmota monax) or, as it is 

known in the southern United States, the ground 

hog is 1 of 14 species of marmots (Rodentia: Sciur- 

idae), all of which are found in the Northern Hemi- 
sphere. In North America, the woodchuck ranges 

from north Georgia to the maritime provinces of 

Canada, west to Oklahoma, Missouri, and Iowa, 

across Canada to the Yukon Territory and to south- 
eastern Alaska. Other marmot species live in colo- 

nies and often at high elevations. The woodchuck, 
however, is a solitary species, the largest among 

marmots, and lives at low elevations. 
For a century, the woodchuck has been the sub- 

ject of a diverse series of studies conducted by fac- 

ulty at Cornell University. These included some of 
the earliest investigations of the physiology of hi- 

bernation in which the possible role of brown fat 

was recognized. The wide-ranging field studies of 

Prof. William Hamilton culminated in the publi- 
cation of his classic monograph on the natural his- 

tory of the woodchuck. In more recent years, the 
woodchuck has been used in studies of the patho- 

genesis of viral hepatitis and primary liver cancer 

(hepatocellular carcinoma). The comprehensive 
study of woodchuck anatomy described in this vol- 

ume by my colleagues Dr. Abraham J. Bezuiden- 
hout and Prof. Howard E. Evans, 2 of the world’s 

most distinguished and productive anatomists, was 

a critical part of the development of the woodchuck 
as a laboratory animal model for biomedical re- 

_ search. 

In 1978, I received a telephone call from Dr. 

Norman Javitt, then Chief of Gastroenterology at 

Cornell Medical College, asking me what I knew 

about woodchucks. I explained that my knowledge 
at the time was limited to the well recognized role 

of the woodchuck in decimating vegetable gardens 
and to the alleged role of woodchuck burrows in 

the etiology of long bone fractures of livestock. Dr. 
Javitt then told me of a recent report by Dr. Jesse 

Summers and colleagues from the Fox Chase Can- 

cer Center describing a virus isolated from wood- 
chucks that appeared to be closely related to the 
hepatitis B virus (HBV) of humans. The wood- 

chucks described by Dr. Summers and associates 
had been trapped originally in the native habitat of 

Pennsylvania and maintained and studied in an ex- 

perimental colony at the Philadelphia Zoological 

Garden by Dr. Robert Snyder. Prior to the virolog- 

ical studies, woodchucks from the colony had ex- 

perienced high rates of chronic hepatitis and he- 
patocellular carcinoma, complications known to be 

1x 

associated with HBV infection in humans. With Dr. 
Javitt’s encouragement, the following spring we ini- 

tiated studies of woodchucks trapped in Tompkins 

County, New York. 

It was recognized from the beginning that to use 

the woodchuck as an experimental animal model 

for studies of the pathogenesis of viral hepatitis, a 
breeding colony would be required to produce 
pathogen-free experimental animals. A colony of 

WHV-free woodchucks was established at Cornell 

in 1979. Subsequently, support for the colony was 
obtained from the National Institute of Allergy and 

Infectious Diseases (NIAID) and the National Can- 

cer Institute (NCI). The initial program officers 

from those institutes were Dr. Frank Tyeryar 

(NIAID) and Dr. John Cole (NCI). The successful 

production of laboratory-born and reared wood- 

chucks led to collaborative experimental studies 

with Dr. John L. Gerin and colleagues from the 
Division of Molecular Virology and Immunology, 

Georgetown University School of Medicine, Dr. 

Robert H. Purcell and associates from the Hepatitis 
Viruses Section, Laboratory of Infectious Diseases, 

NIAID, and the late Dr. Hans Popper of the Mt. 
Sinai School of Medicine. The woodchuck now is 
recognized as a valuable animal model for HBV and 

liver cancer research and for preclinical evaluation 
of new strategies for the treatment and prevention 

of these important human diseases. The model is 
now used widely throughout the United States, 

Canada, Europe, and Asia. 
Since discovery of WHV, members of the hepa- 

titis B family of viruses (Hepadnaviridae) have been 

identified in California ground squirrels (Spermo- 

philus beecheyi), Arctic ground squirrels (S. parryit), 
and Richardson’s ground squirrels (S. richardsonit). 
In all of these species, viral infection has been as- 
sociated with chronic hepatitis and hepatocellular 
carcinoma. Other related members of the family 

Sciuridae also are known to have similar liver dis- 
eases (e.g., black-tailed prairie dog, Cynomys ludov- 
icianus) but have not yet been shown to be infected 

with a hepadnavirus. 
Significant variations in the prevalence of HBV 

infection are recognized in different parts of the 

world. Very high rates of HBV infection and pri- 
mary liver cancer exist in Sub-Saharan Africa and 

Asia, while the respective frequencies are low in 

North America and Western Europe. Interestingly, 

woodchuck hepatitis virus (WHYV) infection is hy- 
perendemic in the mid-Atlantic states where rates 
of infection as high as 59% have been reported and 



where one-half of the infected woodchucks are 
chronic carriers. In Tompkins County, New York, 

the infection rate is about 1% and the carrier rate 
is < 0.1%. In the other parts of the United States 

and Canada so far studied, WHV infection rates are 
either similarly low or no serologic evidence of in- 
fection has been detected. Similarly, the California 

ground squirrel hepatitis virus has been detected 

only in squirrels from a very small area on and near 
the campus of Stanford University. 

This volume represents a quantum advance in 

the anatomical information currently available on 

the woodchuck and will be of significant value to 
those using this species in biomedical research. The 

text also should be useful to the far broader group 
of biologists that conduct research not only on the 
natural history of the woodchuck but on other spe- 
cies of marmots and ground squirrels. Utilizing 

modern methods, the phylogenetic relationships 

within the genus Marmota and between marmots 

and Spermophilus have now been established at the 

molecular genetic level. It seems reasonably certain 

that research collaboration between the 2 groups of 

scientists that will benefit most from this book 

could provide valuable and unique insight into the 

evolution of hepadnavirus infection in the family 

Sciuridae. It is hoped this volume, a direct conse- 

quence of the use of the woodchuck in biomedical 

research, will be used as a reference to support con- 

tinued research on a global basis and to be a bridge 

between the biomedical research community and 

those studying ecology and evolution of these in- 
teresting and valuable members of our world. 

The authors are to be congratulated for the sus- 
tained effort and high level of scholarship over the 

past years that have resulted in the completion of 

the work in this volume. Special thanks must be 
given to the American Society of Mammalogists 
that recognized the scientific value of the manu- 
script, provided editorial review, and sponsored 
publication of the book. Finally, Marmotech Inc. is 
acknowledged for providing the grant-in-aid that 
made publication possible. 

Bud C. Tennant, DVM 

James Law Professor of Comparative 

Medicine 
Gastrointestinal Unit 
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Chapter 1. Introduction 

The woodchuck or marmot (Fig. 1-1) of the ge- 
nus Marmota is a ground dwelling rodent in the 
squirrel family (Sciuridae) with a circumboreal dis- 
tribution. No marmot is found in the Southern 
Hemisphere. All marmots are heavy bodied animals 
that dig their own burrows, eat green plant mate- 

rial, and in cold climates hibernate during the win- 

ter. They have one litter of 2 to 9 young each 

spring, and molt once annually. Some species of 
marmots are more social or communal than others. 

The solitary M. monax of the eastern U.S. contrasts 
with the more social M. flaviventris of the western 

U.S. and the almost colonial M. bobac of Eurasia. 
Several ecological and ethological studies have il- 
luminated various aspects of the life history of mar- 
mots (Armitage 1975, 1991, 1999; Barash 1989; and 
Blumstein et al. 1997). 

It is generally agreed that there are fourteen spe- 
cies of marmots in the world. As illustrated by Bar- 

ash (1989) there are six species in North America 

and eight in Eurasia (Fig. 1-2). The North Ameri- 
can species of marmots include: 1) woodchuck, 

Marmota monax, 2) yellow-bellied marmot, M. fla- 

viventris, 3) hoary marmot, M. caligata, 4) Vancou- 

ver marmot (a melanistic species), M. vancouver- 

ensis, 5) Olympic marmot, M. olympus and 6) 

Arctic or Brower’s marmot, M. broweri. The Old 

World species are: 7) black-capped marmot, M. 

- camtschatica, 8) bobak or steppe marmot M. bobak, 
9) tarbagan or Mongolian marmot, M. sibirica, 10) 

Himalayan marmot, M. himalayana, 11) Menz- 

bier’s marmot, M. menzbieri, 12) long-tailed or red 

marmot, M. caudata, 13) gray or Altai marmot, M. 
baibacina, and 14) Alpine marmot, M. marmota. 

A detailed study of marmot phylogeny and clas- 

sification by Steppan et al. (1999) employed a sta- 

tistical approach using molecular sequence data. 

They tested a suite of previously proposed hypoth- 
eses of phylogenetic relationships using a sequential 

phylogenetic estimation procedure. Having ob- 

tained complete cytochrome “b” sequences for 13 

of the 14 species their results support the concept 
of monophyly of Marmota. 

Miller and Kellogg (1955) recognized nine sub- 
species, including the New York woodchuck, within 
the monax group of North America. 

Paleontological evidence suggests that marmots 

first arose in North America (Black 1963), and then 

crossed the Bering landbridge into Eurasia by the 

Pleistocene. The Alaskan M. broweri has been pro- 
posed as a re-invasion of the Nearctic from the Pa- 
learctic (Hoffmann et al. 1979). Steppan et al. 
(1999) believe a North American radiation gave rise 
to the monax, flaviventris, and caligata groups while 

a Eurasian radiation produced marmota, bobac, 
menzbieri, caudata, and broweri. 

The proposed classification of the genus Mar- 
mota as given by Steppan et al. (1999) was based 
on an extensive maximum likelihood analysis of 
molecular sequence data. Although they recognize 
fourteen species of marmots their phylogenetic re- 
lationships remain unresolved. 

Classification of marmots has varied over the 
years as they became better known. The genus Mar- 

mota was established by Blumenbach in 1779 

(Handbuch der Naturgeschichte Vol. 1 p. 79). His 
type Marmota alpina had been called Mus marmota 

by Linnaeus. Other synonyms for Marmota are Glis, 
Artomys, Lagomys, Lipara and Marmotops. 

Steppan et al. (1999) proposed a new subgenus, 
Petromarmota, defined as the most recent common 
ancestor of M. olympus, M. flaviventris, M. caligata, 

and M. vancouverensis. This clade is characterized 
by dorsal pelage with light-tipped guard hairs and 

a white nose and chin. A light patch is also present 

between or just in front of the eyes, separated from 
the white nose by a dark brown to black transverse 
stripe. 

The summary topology of the classification for 
marmots presented by Steppan et al. (1999) is 
shown below: 

himalayana | 

sibirica 

camtschatica 

bobak |-Marmota 

baibacina 

caudata 

menzbieri 

marmota 

monax 

| 
broweri | 

| 

flaviventris 

caligata __ | Petromarmota 
vancouverensis 

olympus 

Materials. This anatomical monograph is 
based on dissections of wild-caught and captive 
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Fig. 1-1. Marmota monax, the Woodchuck of New York State. 
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Fig. 1-2. Worldwide distribution of the genus Marmota; adapted from ‘‘Marmot’s Social Behavior and Ecology”’ (Barash 

1989). 

bred woodchucks, Marmota monax, from New 

York State (Fig. 1-1). Christine Seegers made most 
of the anatomical drawings at Onderstepoort, 
South Africa, under the supervision of the senior 

author. Michael Simmons of the New York State 
Veterinary College, at Cornell University made ad- 
ditional art work and the labeling of the figures. 

Description and Size. The body of the 
woodchuck is stocky and well furred so that the 

head and thorax blends with the trunk. The color 
of the pelage is a mixture of brown and gray (griz- 
zle) with dark brown under-fur. Many of the guard 

hairs over the body are tipped with white. As the 

suggested New York subspecies name “rufescens” 

implies, the fur often has a reddish tint in front or 
around the shoulders. The underparts of the animal 

are sometimes lighter than the back. There is a 
rather short, hairy tail (about one-fifth to one-third 

of the total body length). In some areas (along the 
St. Lawrence Seaway) melanism is common and 

some animals appear completely black. White 

woodchucks have also been seen. 
The head is short with a blunt somewhat com- 

pressed nose that is covered with hair to the edge 
of the nostrils. The face is well haired and has 
prominent facial vibrissae. The eyes are small and 
round. The ears are short, broad, and rounded, well 

covered with hair. During the breeding season a 
distinct ridge or swelling is present between the eye 
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and the ear of male animals. There is no visible 
neck thus contributing to the overall thickset ap- 
pearance of the animal. 

The limbs are short and stout, each with five digits 
and slightly curved claws. The claws (Figs. 1-5a and 
1-5b) of the forelimb are very effective for digging 
and are somewhat heavier than those of the pelvic 
limb. The first digit of the fore-paw is rudimentary 
and bears a broad, flat nail. The third digit is the 
longest, the second and fourth are subequal in 

length. The palm of the fore-paw is bare except at 
the carpo-metacarpal junction and bears two carpal 

and three metacarpal pads. The sole of the hind-paw 
is bare except at the heel and has two tarsal and four 
metatarsal pads (Figs. 1-5a and 1-5b). 
When the animal runs the body is kept close to 

the ground and its short, furry, dark-tipped tail is 
dragged behind it. On occasion, when it stops run- 
ning, the tail may be raised in the air or the animal 

may stand upright on its hind legs. 
According to Whitaker and Hamilton (1998), 64 

males from Indiana, had an average total length of 
599 mm; average tail length 139 mm; and a hind 

foot length of 90 mm. For 74 females average total 
length was 595 mm; tail length 134 mm; and hind 

foot 82 mm. 
Average measurements for 198 New York adults 

were: total length 555 mm; tail length 125 mm; and 

hind foot 76 mm. The weight was 2.7 to 5.4 kg (6 
to 10 lbs.) with an occasional individual weighing 

up to 6.3 kg (14 lbs.). A two-day hunt (Aug. 1999) 

near Ithaca, New York, gathered 85 woodchucks 
one of which weighed 13 pounds 2 oz. In the 
northern part of its New York range the woodchuck 

is smaller. Snyder, Davis, and Christian (1961) de- 

scribed seasonal changes in the weights of wood- 
chucks for the immature, yearlings and adults. 
Their study over a three-year period included mea- 

surements of 1700 animals. They found the weight 
loss immediately after hibernation was much great- 

er than the rate during hibernation. Much of the 
fat stored prior to hibernation was still present in 
late winter when the animals emerged from hiber- 
nation. Males utilize fat as a source of energy dur- 
ing the period of food scarcity before the females 

emerge. For females stored fat is an important 

source of energy during gestation and lactation. 
Captive bred animals for this study came from 

Dr. Bud Tennant’s marmot facility in Ithaca, New 

York, where they are being bred to study chronic 
viral hepatitis and subsequent development of pri- 
mary hepatocellular carcinoma (Summers et al. 

1978; Young and Sims 1979). 

Distribution. Marmota monax of the Eastern 

United States is found from Maine to Wisconsin, 

south to Mississippi, across to central Alabama, 

northern Georgia, and the western Carolinas. This 
species also extends from Nova Scotia on the At- 
lantic coast, across southern Canada into eastern 
Alaska. 

Habitat. The woodchuck lives in excavated 
burrows in open pastures, on the edges of wood- 
lots, on brush covered dry banks along roads, or in 
combinations of these features. They often have 
more than one burrow to serve as either living 
quarters or retreats. Their winter and summer dens 
may be close to each other. Favorite spots are well- 

drained slopes close to a large rock or tree stump. 

Old sumac groves adjacent to a pasture or a vege- 

table garden seem to be ideal. Their burrows may 
be a meter or more in depth with side branches. 

Although they are rarely seen in water they are 
good swimmers. 

Habits. Marmots are the largest and heaviest 
of sciurids. They are not adapted for climbing trees 
and rarely do except when chased. They are most 

often seen in open fields or pastures, along the 
shoulders of roads or crossing the road. It is obvi- 
ous that many do not make it across since road 
kills in central New York are mostly woodchucks. 
They will dig under fences or even climb low ones 
if desirable foraging is in sight. Once they have es- 
tablished a path from their burrow, they will con- 

tinue to use it on their daily forays. Any object 
placed on or near their path is usually investigated; 

they will even enter an unbaited live trap. They are 
diurnal and feed mainly in early morning and late 
afternoon. Feces are deposited in a dry chamber of 
the burrow, and only rarely are scats seen at the 
den or feeding site. When danger is perceived, they 
run for the nearest burrow that may or may not be 
their primary den. Upon emerging from their bur- 
row or while foraging in a field they may stand on 
their hind legs to get a better view (see the figure 
of US postage stamp). A whistle (made by the lar- 
ynx) serves as an alarm call. 

The woodchuck is the most solitary of the mar- 

mot species, rarely sharing a den even with its mate. 
There are usually two or more entrances to their 

burrow. The den entrance is kept clean and free of 
plant growth and usually has a low pile of newly 
excavated earth. On a hillside the earth mound 
forms a small platform on the down side where the 
animal may stand on its hind legs to get a better 
view. If debris, branches, or stones are placed near 
the entrance to the burrow they are soon removed. 

Mating occurs in the field shortly after they 
emerge from hibernation. Gestation is about a 
month and the usual litter size is four or five. The 
young are born naked, blind, and helpless. Toward 
the end of the nursing period, the female will bring 
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food into the nest chamber. When the young first 
leave the nest they are still nursing and at times 

have to be carried back into the nest by the mother. 

After the young are weaned and feeding on their 

own (about 6 weeks) they are forced to disperse by 

aggressive behavior of both parents. In Europe 
where marmots (M. marmota) live in colonies to- 

gether, the young may remain in the den for two 

years, and visiting females or young can enter with- 

out aggression. 

Food. Their food preferences are often in con- 
flict with the home gardener and farmer. They like 
nothing better than newly sprouted beans, peas, 

corn or sunflowers and can eat a row very quickly. 

They also like tender grass or grains. During the 

summer they put on weight, some of which (20%) 

is a fat reserve for their winter hibernation. In 

northern New York hibernation lasts about 7 

months. In more temperate climates it is shorter, 

and in the southern part of their range they do not 

hibernate. 

Territory and Population. Hamilton (1934) 
reported a three acre field in central New York with 

30 dens and estimated that there was probably one 

woodchuck for every two acres or 50 per square 

mile. The number of woodchucks is declining pri- 

marily because of habitat destruction as a conse- 

quence of urbanization. 

For information on marmot ecology, distribu- 

tion and behavior there is a large body of literature. 
Most significant are Barash (1989), Armitage (1975 

and 1991), and Blumstein and Armitage (1998). 

- For an extensive bibliography see: “Bibliographia 

Marmotarum” by Ramousse (1997). This alpha- 

betical listing of over 2000 titles on marmots con- 

tains abstracts and key words. Another source of 

information on marmot biology is the Proceedings 

of the International Conference on Marmots, four 

of which have been held so far. 

Enemies. With the decline of wolves, foxes, 
bobcats and birds of prey, the greatest impact on 

woodchuck populations are humans. 

Malocclusion of teeth, while not a disease, may 

be a factor in malnutrition. Hamilton (1937) re- 

ported five animals in five hundred to have serious 

malocclusion of either upper or lower incisors. The 

upper incisor may curl and pierce the palate or 

reach far out of the mouth. A specimen in the Cor- 
nell Veterinary College Museum (Fig. 1-3) shows a 

severe example which certainly must have inter- 

fered with feeding. One of the upper incisors had 
pierced the palate. 

Human Relations: As a Source of Food. 
Hamilton (1934) noted that young woodchucks 

properly prepared are a joy to many country folk. 
He cited a local Ithaca, New York, source who con- 

firmed the canning of woodchuck meat in two- 
quart fruit jars for winter consumption. In some 

parts of the world the marmot is a regular item in 

the human diet. When woodchucks are eaten by 
humans there is a possibility of infection with tu- 

laremia, and there have been cases in the past. 

As a Farm or Garden Pest. The economic 
impact of the woodchuck can be considerable for 
the home gardener. The effect on a farmers grain, 
corn, or bean crop is usually small but has at times 
resulted in bounties or organized sport hunts. Dur- 
ing a two day summer hunt in Ithaca, New York, 

85 woodchucks were brought in, 31 by a single 
hunter. The danger of burrows to farm machinery 
or to animals is minimal, because the burrow en- 
trance is often in a thicket at the edge of a field or 
next to a rock-pile or stump. 

External measurements of eastern woodchucks 
vary greatly between wild and captive animals, be- 
tween young and old, between the sexes and at var- 
ious times of the year. Adult males are usually larg- 
er than females. The total body length of wild adult 
animals is 520 to 608 mm. Yearlings weigh 2070 to 
4225 g, and adult animals 2820 to 5390 g. They can 
be bred in captivity and can attain a weight of at 

least 8200 g. 
Although the woodchuck is a very common an- 

imal, little has been published about its anatomy. 
Frink et al. (1977) studied the seasonal variation in 

the morphology of the thyroid gland, and that of 
the adrenal gland by Christian (1962). Kenagy and 
Trombulak (1986) reported on the size and func- 
tion of the testes in relation to body weight, while 

Christian et al. (1972) studied the annual cycle of 

spermatogenesis and testes morphology. Mossman 
et al. (1932) compared the male reproductive tracts 
of Sciuridae, and Pocock (1923) used penis mor- 

phology as a basis for classification. Courser et al. 
(1963) studied the somatic chromosomes of the 

woodchuck. Rasmussen (1918) reported on the cy- 
clic changes in the interstitial cells of the ovary and 
testis. Nuckle and Bergeron (1983) used eye lens 

weight as a criterion for age classification, while Da- 
vis (1964) evaluated various characters for deter- 

mining the age of woodchucks. Snyder et al. (1961) 
determined weight gain and loss, Davis (1967) re- 
ported on the annual rhythm of fat deposition, and 
Young and Sims (1979) discussed the woodchuck 

as a biological model for the study of obesity. 
Baldwin et al. (1985) studied changes in serum 

testosterone concentrations of adult and yearling 
woodchucks. They noted that Marmota monax has 
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Fig. 1-3. Malocclusion in a woodchuck. Bottom) Right lateral view, right lower jaw removed. Note that the upper right 
incisor is piercing the left palate. The lower incisors are overgrown but maintained their normal curvature. Top) Ventral 

view of the palate. 
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one short breeding season per year in late winter 

following emergence from hibernation. The testes 
of adults are regressed and abdominal in position 
prior to hibernation in early autumn and testicular 
recrudecesence occurs during hibernation. 

In central New York State, males emerge from 

hibernation in mid-February to beginning of 

March, 1-3 weeks before females. When they 
emerge, they have large scrotal testes containing 
mature sperm. Mating occurs during the first three 

weeks of March as females emerge from hiberna- 

tion. The testes of males are devoid of mature 
sperm by the end of April. Testicular volumes and 
serum testosterone concentrations were measured 
bi-weekly in 5 adults and 4 yearling captive wood- 
chucks. Testosterone levels and testes volumes mea- 
sured in newly captured woodchucks in March and 
April and again 2-3 months later were generally 

similar to those of their laboratory counterparts. 
Females give birth to a single litter during the 

first three weeks of April following a 31-32 day 

gestation period. Concannon et al. (1983, 1984) 

studied the corpora lutea present during pregnancy 
and found that they are maintained or rejuvenated 
following parturition and lactation. They secrete 

amounts of progesterone equal to or greater than 
those of pregnancy. 

The remarks of Godman (1842) on the muscles 

of the ear of the marmot led to further reports on 
the matter by Seton (1929) and Jones (1937). The 

only study of the osteology and myology of Mar- 
mota monax reported in the literature is the work 

by Gilbert (1940) on the anatomy of the forelimb 
of the woodchuck. There were short notes on the 
anatomy of the tongue by Tuckerman (1889), and 

another by Wood (1969) on the third upper pre- 
molar. 

Anatomical Terms. In the anatomical de- 
scriptions which follow we have used Nomina An- 

atomica Veterinaria for domestic animals (NAV 

1992) as a guide rather than the Nomina Anatom- 

ica (NA 1996) or the Terminologia Anatomica (TA 
1998), both of which pertain to the human. In this 
monograph each term, when first introduced, is 

followed by its Latin equivalent in italics. If both 
the Latin and English terms are the same, only one 

term will be cited here in italics. Until the Basel 
Nomina Anatomica (BNA) was produced in 1895 

there was no international agreement on anatomi- 

cal nomenclature. Each language had its own terms 
for structures of the body and many structures had 

different names in different countries. Early writ- 

ings in anatomy were in Greek, then Arabic, and 
later in Latin. It is common practice to translate 

Latin terms into the vernacular of the person using 
them. However, many terms are used in Latin with- 

out any vernacular transliteration, and thus they are 
the same in several languages. 

The present Nomina Anatomica (NA) for hu- 
mans (6th edition 1989) includes 5,640 standard 

terms, more than 80% of which were continued 

from the BNA. This NA nomenclature was opposed 

by veterinary anatomists because it used the old 
terms of direction related to the human standing 
position, with the forearms supinated in a posture 

that is impossible in most animals. “Anterior/pos- 
terior’ in the human anatomical position corre- 

sponds to “ventral/dorsal” in the woodchuck. 
An International Committee on Veterinary An- 

atomical Nomenclature (ICVAN) published No- 

mina Anatomica Veterinaria for domestic mam- 

mals in 1968 and revised it as a 4th edition in 1994. 
The guiding principles for the establishment of No- 
mina Anatomica Veterinaria were similar to those 
of Nomina Anatomica: 

1. Aside from a very limited number of exceptions, 
each anatomical concept should be designated 
by a single term. 

2. Each term should be in Latin in the official list, 

but anatomists of each country are free to trans- 
late the official Latin terms into the language of 
instruction. 

3. Each term should be as short and simple as pos- 
sible. 

4. The terms should be easy to remember and 
should have, above all, instructive and descrip- 

tive value. 
5. Structures that are closely related topographical- 

ly should have similar names. 
6. Differentiating adjectives should generally be 

opposites, as major and minor, or superficial 
and deep. 

7. Terms derived from proper names (eponyms) 

should not be used. 

Unfortunately there is still no international No- 

mina for mammals other than the human and a 
few domestic animals. The authors of the present 
work have attempted to select terms that are con- 
sistent with the principles of past anatomical ter- 
minologies. Some rodent structures have no coun- 
terpart in human or domestic mammals, and 

therefore new terms or choices from the past lit- 
erature have been used. At the end of this book we 
include a glossary of anatomical synonyms. 

Directional Terms (Fig. 1-4). The terms 

cranialis and caudalis apply to the neck and trunk 
and to the limbs proximal to the carpus and tarsus. 
The terms dorsal and palmar are used on the ma- 

nus (hand), and dorsal and plantar on the pes 

(foot). On the head the terms rostral, caudal, dor- 

sal, and ventral are preferred, with the terms an- 
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caudal 

|_ a 
cranial 
EEE Median or midsaggital plane 

Dorsal 

Transverse plane 

Fig. 1-4. Directional terms and planes of the body. 

terior, posterior, superior, and inferior used in a 

few locations, such as the eyeball, eyelids, lips, and 
inner ear. Medial and lateral are used on the whole 
body, except that axial and abaxial, referring to the 
functional longitudinal axis of a limb may be used 
to designate the sides of the digits. There are a few 
other conventions and a brief Latin Grammar that 
are explained in the introduction of Nomina Ana- 

tomica Veterinaria 4th edition (ISBN 0-9600444-7- 

Ds 
The figure below of the planes, positions, and 

directions on the body of a woodchuck should aid 
in understanding the descriptions of the structures 
described in the text. 

Integument. The common integument in- 
cludes the skin, hair, claws, and pads of the fore 
and hind paws. Also included are glands derived 
from the skin such as the temporal gland of the 
head and the mammary glands of the thorax and 
abdomen. 

Skin. The microscopic anatomy of the wood- 
chuck’s skin was described by Panic et al. (1992). 

The epidermis consists of four layers: stratum ba- 
sale, stratum spinosum, stratum granulosum, and 
stratum corneum. There is no clear distinction be- 

tween the superficial and deep dermis. Elastic fibers 
are seen throughout the dermis. Both compound 

and simple hair follicles are present, with com- 

pound being more common. Arrector pili muscles 

of the skin are largest over the back. Sebaceous 
glands are present either within the outer root 
sheath of hair follicles or in the dense connective 
tissue surrounding the hair follicles. No apocrine 
sweat glands are found but there are abundant ec- 
crine sweat glands in the subcutaneous fat of the 
footpads. 

At birth the skin is pink and unpigmented 
(Hamilton 1934; Baldwin 1985) without visible 

hair. By the second day after birth the skin has a 
grayish cast and pigment becomes visible. When 
the pup is 7 days old the skin of the back is defin- 
itively gray but the abdomen is still pinkish. 

Hair Coat. Tactile hairs appear at 1-2 days 
and body hair 9-10 days after birth (Hamilton 
1934; Baldwin 1985).In the adult most of the body 

surface is covered with hair. It is most dense on 
dorsal and lateral parts of the body, while the ab- 
domen and the inside of the flanks are sparsely 
haired. All pads, nipples and the nasal surface are 
hairless. 

The pelage of the eastern woodchuck is coarser 
and thinner than that of other monax subspecies. 
The underfur is dense, soft and somewhat woolly, 

and is mainly confined to the back and sides. The 
underfur of the upper parts varies from black to 
dark gray at the base, followed by a broad area of 

light pinkish cinnamon to strongly reddish. 
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Fig. 1-5. 

IV 
Il 

a) Left forepaw, palmar view. 1 digital pads, 2 metacarpal pads, 3 lateral carpal pad, 4 medial carpal pad, I-V 

digits | to V. b) Left hindpaw, plantar view. 1 digital pads, 2 metatarsal pads, 3 medial tarsal pad, 4 lateral tarsal pad, H-V 

digits | to V. 

Upperfur, the longer and coarser hair that covers 
the whole body, is dark chestnut brown, tipped 
with light buff. The hair on the head and feet is 
shorter than that on the rest of the body. Hair on 
the tail is long and coarse. The under parts are cov- 

ered by short, sparse fine hair. The hair of the fore- 
legs is black overlaid by brown, while the hair of 
the feet is black. 

Tufts of long, stiff, black whiskers or tactile hairs, 

pili tactless, grow out from the upper lip, lower lip, 
chin, caudal intermandibular region, above the me- 

dial canthus of the eye, and from the sides of the 

cheeks. These whiskers are usually referred to as 
vibrissae (hairs of the nose) rather than tactile hairs. 

Ahl (1987) reviewed the literature and discussed the 

relationship between vibrissal length and feeding 
habits in the Sciuridae. She concluded that the 
more terrestrial or fossorial species have short vi- 
brissae but that many questions remain as to how 
the animal uses its vibrassae in daily life. 

Foot Pads and Claws (Figs. 1-5a and 1- 
5b). A pad or torus consists of a thick epidermal 
covering, the underlying dermis, and the subcuta- 

neous cushion or pulvinus. The skin of the pads is 
heavily pigmented, and the areas between the pads 
are bare. Pads occur on the palmar/plantar surfaces 
of the paws and are named according to the area 
that they overlay. The palmar surface of the fore- 
paw has two carpal, three metacarpal and four dig- 
ital pads, while the plantar surface of the hind-paw 

has two tarsal, four metatarsal and five digital pads. 

The claws of the woodchuck are approximately 
15 mm long and 2-3 mm wide. They are curved, 
pigmented and laterally compressed. Each claw 
consists of a wall and a sole. The wall fits into the 
unguicular groove and is supported by the ungui- 
cular process of the distal phalanx. The sole of the 
claw is small. It consists of a triangular area of soft 

horn located between the two walls on the palmar/ 
plantar surface of the claw. 

Glands. Eccrine sweat glands are found only 
in the foot pads. They are abundant and lie in the 
adipose tissue of the digital cushions. Apocrine 
sweat glands are not present in the skin of the 
woodchuck. Sebaceous glands are distributed over 
the skin associated with hair follicles. In some areas 
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they enlarge to form discreet sudoriferous glandular 
masses or scent glands. Scent glands are present at 
the angle of the mouth (oral or buccal glands) and 

the temporal region (temporal scent glands). The 

temporal glands enlarge during the breeding season 

to form two prominent swellings between the eye 

and the ear. They are approximately 3 cm long and 

2 cm wide and secrete a yellowish, aromatic fluid 

that is used for scent marking the area of the family 

group. Rausch and Bridgens (1989) described and 
illustrated the macro- and microscopic character- 

istics of facial glands in seven species of marmots 

with emphasis on M. broweri, M. caligata, and M. 

monax. 
Three anal sacs open on the anocutaneous junc- 

tion of the anus. One sac lies on the ventral midline 
and the other two on either side of it. They lie 
between the external and internal anal sphincter 

muscles. The ducts of the sacs are unpigmented and 

are everted when the animals are threatened. Smith 
and Hearn (1979) have described the anal scent 

gland as being composed of both apocrine and se- 

baceous components emptying into a common 

duct. 
Walro et al. (1983) described the histology of 

scent glands associated with the oral angle. Smith 
and Hearn (1979) studied the ultrastructure of the 

anal glands. 

Muscles of Skin. Two muscles are associated 

with the skin. The cutaneous muscles (mm. cutaneous 

trunci and m. platysma) lie in the hypodermis and 

are attached to the dermis of the skin (see Muscular 

System) They move the skin as a whole. 
The erector pili muscles, mm. arrectores pilorum, 

lie within the dermis that attaches to the connective 

tissue sheath surrounding the hair follicle bulb. 
They erect or raise the hair. 

Mammary Glands. The woodchuck has eight 
mammae. They are arranged in two bilaterally sym- 
metrical rows extending from the ventral thorax to 
the inguinal region. There are four thoracic, two 
abdominal and two inguinal mammary glands. The 
teats indicate the position of the glands. 

Each mammary gland consists of a glandular 
complex (parenchyma) and its associated papilla 
mammae or teat. They are well developed in the 
female and rudimentary in the male. The paren- 
chyma of each mammary gland drains into 2-5 teat 
sinuses. Each teat sinus opens by means of a short 
teat canal onto the apex of the teat. Although the 
number of duct openings on teats vary between 2— 
5, three duct openings are generally present. 

Blood supply: The thoracic mammary glands are 

supplied by perforating branches of the internal 
thoracic artery and mammary branches of the lat- 
eral thoracic artery. 

Branches from the external pudendal artery sup- 
ply the abdominal and inguinal mammary glands. 
The venous drainage follows the pattern of the ar- 
terial supply. 

Innervation: Ventral branches of the thoracic and 
lumbar spinal nerves innervate the mammary 
glands. 
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The skeleton (Fig. 2-1) consists of axial, appen- 

dicular and heterotopic bones. In the woodchuck 

heterotopic bones are the patella in the quadriceps 
muscle of the pelvic limb and the baculum or os 
penis. The baculum is an ossification of the distal 
end of the fused corpora cavernosa within the glans 
of the penis. It is an elongate bone, measuring ap- 
proximately 5 mm in length and | mm in diameter. 
Pocock (1923) compared the os penis of various 

Sciuridae and found the baculum of the woodchuck 
(Marmota monax) to be similar to that of the Eu- 

ropean marmot (Marmota marmota). 

AXIAL SKELETON 

The axial skeleton (Fig. 2-1) includes the skull, 

mandible, hyoid apparatus, vertebrae, ribs, and 
sternum. 

Skull (Figs. 2-2 to 2-14). Comparative oste- 
ology of the marmot skull with measurements for 
several species have been provided by Wehrli 

(1935). The craniometric points used for measure- 

ments are shown in figures 2-2 to 2-4. 

In young animals the individual bones of the 
skull are clearly visible, but with age they fuse or 
overlap to such an extent that it becomes difficult 
to distinguish their margins. 

The morphology of the skull is used extensively 
in the classification of sciurids, as well as in the 

identification of the various subspecies of Marmota 

monax (Howell 1915). The skulls of young, year- 
ling, and adult woodchucks differ markedly from 
each other. It is thus impossible to give a general 

description of the skull with specific measurements 
applicable to all ages. The following measurements 

of the skull are from Howell (1915). 

Adult male: Condylo-basal length, 81.3—94.4 
(88.6) mm; palatal length, 50.7-54.5 (51.8) mm; 

postpalatal length, 32-36.4 (33.5) mm; length of 
nasals, 33.9-39.8 (36.8) mm; zygomatic breadth, 
53.4-64.7 (60.2) mm; breadth across mastoids, 

40.3—46 (43.2) mm; least interorbital breadth, 21.7— 

25.4 (23.8) mm; breadth of rostrum, 18—21.2 (19.4) 

mm; maxillary tooth row, 18.7—21.8 (20.1) mm. 

Adult female: Condylo-basal length, 84-88.9 
(85.8) mm; palatal length, 49.1-52.4 (50.6) mm; 
postpalatal length, 31.5-31.8 (31.6) mm; length of 
nasals, 33.4-39.1 (35.6) mm; zygomatic breadth, 
57.5—62 (59.9) mm; breadth across mastoids, 40.6— 
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43.8 (42.4) mm; least interorbital breadth, 22.2— 

26.3 (23.6) mm; breadth of rostrum, 18.2—20.4 (19) 

mm; maxillary tooth row, 17.5—21 (19.7) mm. 

The Skull as a Whole. The skull of the 
woodchuck is fairly wide. The length to width ratio 
of animals less than one year old is approximately 

1.6 to 1. As woodchucks age, the skull becomes 
broader to reach a length to width ratio of 1.4 to 

1. The broadening of the skull is primarily due to 
extensive growth of the frontal, zygomatic and tem- 

poral bones. The parietal bones of eight-week old 
animals are about as wide as that of adult animals. 
Furthermore, the ratio of cranial length to facial 
length of the young animal is approximately 1 to 
7.1, and that of the adult animal 2 to 4.1 (facial 

length is measured from the prosthion to the na- 
sion, and cranial length from the nasion to the in- 
ion (Fig. 2-3). 

The skull is flattened dorsoventrally so that the 

height of the cranium is almost the same as the 
height of the face (Fig. 2-3). The dorsal surface of 
the cranium (calvaria) is flattened and the left and 

right halves are separated from each other caudally 
by a low median sagittal crest. The dorsum of the 
nose (nasal and incisive bones) forms an even, but 

marked convexity (Fig. 2-3). 
The zygomatic arch, arcus zygomaticus is well de- 

veloped and projects laterally, giving the skull a 
broad appearance (Fig. 2-5). The zygomatic process 
of the frontal bone does not reach the zygomatic 

arch, leaving the bony orbit incomplete caudoven- 
trally. The large, shallow, temporal fossa, fossa tem- 
poralis, is bounded dorsally by the temporal line, 
caudally by the nuchal crest, ventrally by the zy- 
gomatic arch and rostrally by the zygomatic process 

of the frontal bone. It provides attachment for the 

temporal muscle. 
Numerous foramina and canals are present in or 

between the bones of the skull. The nomenclature 
used by different authors for foramina and canals 
is very confusing. Table I is a comparison between 
terminology used by Wahlert (1974) and that used 
by Nomina Anatomica Veterinaria: 

BONES OF THE CRANIUM, OSSA CRANII 

The occipital bone, os occipitale, (Fig. 2-10) is a 
compound bone that forms a large foramen, fora- 
men magnum, for the entrance of the spinal cord 
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Fig. 2-1. Skeleton, left lateral view. 1 hyoid apparatus, 2 clavicles, 3 costal arch, 4 and 5 asternal ribs. 

Facial 
length 

| ba A Nasion 

Skull width 

Inion 

Fig. 2-2. Skull, dorsal view to show craniometric points. 
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Fig. 2-5. Skull, dorsal view, mature animal. 1 nasal bone, 2 nasal part of frontal bone, 3 supraorbital incisure, 4 frontal 

bone, 5 supraorbital margin, 6 zygomatic process of frontal bone, 7 zygomatic process of temporal bone, 8 squamous 

temporal bone, 9 external acoustic pore, 10 nuchal crest, 11 external sagittal crest, 12 retroarticular foramen, 13 parietal 

bone, 14 temporal line, 15 temporal process of zygomatic bone, 16 zygomatic bone, 17 lachrymal bone, 18 maxilla, 19 

incisive bone. 

into the cranium. It develops as a dorsal supraoc- 
cipital, a ventral basioccipital, and paired lateral ex- 
occipitals that bear the condyles for articulation 
with the atlas (Fig. 2-10). 

The supraoccipital bone, os supraoccipitale, (Fig. 
2-10) forms the vertical caudal portion of the cra- 

nium. It often has one or two vascular foramina 
close to the midline. The outer surface of the bone 
is irregular and roughened for the attachment of 
muscles. It fuses dorsally with the interparietal and 
parietal bones, and dorsolaterally with the temporal 

bones to form a prominent nuchal crest. Each lat- 

eral exoccipital bone, os exoccipitale (Figs. 2.8 and 
2.10) has an elliptical occipital condyle for articu- 
lation with the atlas, and a paracondylar processes 
for the attachment of the digastric muscle. Ventral 
to each condyle is a shallow depression, the ventral 
condylar fossa (Fig. 2-8). The latter has a canal for 

the passage of the hypoglossal nerve, canalis n. hy- 
poglossi, and one or two canals for the passage of 
blood vessels. The lateral part of the occipital bone 

fuses with the mastoid part of the temporal bone. 
The basal part or basioccipital bone, os basioccipitale 
(Fig. 2-8), is unpaired and forms the caudal third 



Table 1. 

Wahlert 

Nasolachrymal foramen 

Nutritive foramen 

Orbital fissure 

Optic canal 

Post-alar fissure 

Postglenoid foramen 

Posterior maxillary notch or fo- 

ramen 

Posterior palatine foramen 

Sphenofrontal foramen 

Sphenopalatine foramen 

Sphenoidal fissure 

Squamoso-mastoid foramen 

Stapedial foramen 

Stapedial artery canal 

Stylomastoid foramen 

Supraorbital notch 

Transverse canal 

Anterior alveolar canal 

Alisphenoid canal 

Buccinator foramen 

Carotid canal 

Canal of Huguier 

Dorsal palatine foramen 

Eustacian canal 

Ethmoid foramen 

Facial canal 

Oval foramen 

Accessory oval foramen 

‘Round foramen 

Hypoglossal foramen 

Infraorbital foramen 

Incisive foramen 

Jugular foramen 

Mastoid foramen 
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NAV 

A comparison of the terminology used by Wahlert (1974) and Nomina Anatomica Veterinaria (1994). 

Contents 

For. lacrimale 

Fissura orbitalis 

Canalis opticus 

For. retroarticulare 

No equivalent 

For. palatinum majus 

No equivalent 

For. sphenopalatinum 

For. alare rostrale 

No equivalent 

~ No equivalent 

No equivalent 

For. stylomastoideum 

Incisura supraorbitale 

No equivalent 

Canalis alveolaris 

Canalis alaris 

For. alare parvum 

Canalis caroticus 

Fissura petrotympanica 

Caudal palatine foramen 

Canalis musculo-tubarius 

For. ethmoidale 

Canalis facialis 

For. ovale 

For. alare caudale 

For. rotundum 

Canalis n. hypoglossi 

For. infraorbitale 

Fissura palatina 

For. Jugulare 

For. mastoideum 

Nasolacrimal duct 

Oculo motor, trochlear and abducens nerves, and 

the ophthalmic and part of the maxillary divi- 

sions of the trigeminal nerve. 

Optic nerve 

V. emissaria for. retroarticulare 

Descending palatine vein 

Palatine (descending) artery, vein and nerve 

Opthalmic artery 

Sphenopalatine artery, vein and nerve 

Nerves transmitted by the orbital fissure and 

round foramen 

Stapedial artery 

Stapedial artery 

Facial nerve 

Frontal branch of ophthalmic nerve and superior 

ophthalmic artery 

Vein 

Branches of the maxillary nerve, artery and vein 

to the upper incisor teeth 

Maxillary artery, vein and nerve 

Buccinator and masseteric branches of mandibu- 

lar nerve 

Inferior petrosal sinus 

Chorda tympani 

Descending palatine artery, vein and nerve 

Auditory tube 

Ethemoidal artery and vein, nasociliary branch of 

ophthalmic nerve 

Facial nerve 

Mandibular division of trigeminal nerve 

Maxillary nerve, artery and vein 

Maxillary nerve 

Hypoglossal nerve 

Infraorbital nerve, artery and vein 

Palatine artery and vein, incisive duct 

Glossopharyngeal, vagus and accessory nerves, 

emmissary veins, stapedial (external ophthal- 

mic) artery 

A diploic vein 

of the base of the cranium. It has a prominent mus- 
cular process, tuberculum musculare, for the tensor 
muscle of the soft palate. Externally, the basioccip- 
ital bone lies against the bulla of the temporal bone 
to form the tympanooccipital fissure, fissura tym- 

panooccipitalis, and intracranially it fuses with the 
petrous temporal bone to form the petrooccipital 
fissure, fissura petrooccipitalis. 

The parietal bone, os parietale, (Figs. 2-5, 2-7, 2- 
11) are paired. They form the caudodorsal roof of 

the cranium and fuse along the midline to form a 
low external sagittal crest, crista sagittalis externa. 

The sagittal crest divides rostrally, and is continued 
onto the caudal edges of the zygomatic processes of 
the frontal bones. Together, the caudal edges of the 

zygomatic processes and the external sagittal crest 
form the temporal line, linea temporalis to which 

the temporal muscle attaches. Rostrally the parietal 

bones fuse with the frontal bones, laterally with the 
temporal bones and caudally with the supraoccip- 
ital bone. 

The interparietal bone, os interparietale (Fig. 2- 

6), is a small, triangular bone wedged between the 
parietal and occipital bones. In an eight-week old 
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Fig. 2-6. Skull, dorsal view of an immature animal. 1 pa- 

rietal bone, 2 interparietal bone, 3 occipital bone. 

animal it is visible on the surface of the skull 10 

mm wide and 8 mm long. It cannot be identified 
externally on the skull of a mature animal. 

The interparietal bone is overgrown by the pa- 

rietals that meet on the midline as the external sag- 
ittal crest. 

Temporal bone, os temporale (Figs. 2-5 and 2-7), 

is paired, each consisting of squamous, petrous and 
tympanic parts. 

The squamous part, pars squamosa, forms the 
caudolateral portions of the cranium. It has a large 
zygomatic process, processus zygomaticus, which 

joins the temporal process of the zygomatic bone 

to form the zygomatic arch. The root of the zygo- 
matic process has a large ventral concave area, the 

mandibular fossa, fossa mandibularis (Fig. 2-8), 

which bears the articular surface for the mandible. 
A large retroarticular foramen, foramen retroarti- 

culare (Figs. 2-5 and 2-7), for the passage of blood 
vessels lies caudal to the root of the zygomatic pro- 
cess, and the caudoventral border of the bone bears 

a shallow tympanic incisure for the tympanic bulla. 

The squamous part fuses dorsally with the parietal 
bone, rostrally with the frontal bone and rostrally 
and rostroventrally with the wing of the basisphe- 
noid bone. Caudoventrally it fuses with the tym- 
panic and petrous parts of the temporal bone and 
caudodorsally with the occipital bone (Fig. 2-7). 
The fusion of the petrous and squamous parts of 
the temporal bone completes the ventrolateral part 
of the nuchal crest. The temporal bone of the 

woodchuck does not have distinct retroarticular 
and retrotympanic processes. 

The tympanic part of the temporal bone, pars 

tympanica, forms the caudoventral part of the cra- 
nium between the basioccipital ventrally and the 

supraoccipital bone dorsally (Fig. 2-8). Dorsolat- 
erally it has a large opening, the external acoustic 
pore, porus acusticus externus (Fig. 2-7), that leads 

to a short external acoustic meatus, meatus acusticus 
externus. Ventral to the latter is the well-developed 

( \I 

740A) Wks} Salt/ 

Fig. 2-7. Skull, left lateral view. 1 zygomatic process of frontal bone, 2 ethmoid foramen, 3 wing of basisphenoid bone, 

4 parietal bone, 5 squamous temporal bone, 6 nuchal crest, 7 retroarticular foramen, 8 tympanic incisure, 9 external 

acoustic meatus, 10 stylomastoid foramen, 11 exoccipital condyle, 12 mastoid process, 13 paracondylar process, 14 

tympanic bulla, 15 hamulus of pterygoid bone, 16 caudal alar foramen, 17 small alar foramen, 18 rostral alar foramen, 19 
wing of presphenoid bone, 20 optic canal, 21 sphenopalatine foramen, 22 zygomatic bone, 23 alveolar process of maxilla, 

23a facial tuberosity 24 lacrimal foramen, 25 infraorbital foramen, 26 maxilla, 27 upper incisor tooth, 28 alveolar process 

of incisive bone, 29 incisive bone, 30 nasal bone, 31 nasal process of incisive bone, 32 frontal process of maxilla, 33 

frontal bone, 34 lacrimal bone, 35 orbital part of frontal bone. 
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Fig. 2-8. Skull, ventral view. 1 palatine process of incisive bone, 2 facial (masseteric) tuberosity, 3 palatine process of 

maxilla, 4 zygomatic process of maxilla, 5 major palatine foramen, 6 zygomatic bone, 7 zygomatic process of frontal 

bone, 8 notch for minor palatine artery, 9 palatine bone, 10 ethmoid foramina, 11 body of basisphenoid bone, 12 musculo- 

tubal canal, 13 carotid canal, 14 tympanic bulla, 15 paracondylar process of exoccipital bone, 16 tympanooccipital fissure, 

17 ventral condylar fossa, 18 exoccipital condyle, 19 basi-occipital bone, 20 hypoglossal canal, 21 jugular foramen, 21a 

muscular process basioccipital bone, 22 hamulus of pterygoid bone, 23 oval foramen, 24 mandibular fossa, 25 pterygoid 

bone, 26 orbital fissure, 27 caudal nasal spine, 28 presphenoid bone, 29 third upper molar, 30 second upper molar, 31 

first upper molar, 32 fourth upper premolar, 33 third upper premolar, 34 palatine fissure, 35 upper incisor. 

tympanic bulla, bulla tympanica (Figs. 2-7 and 2- 
8). The tympanic part of the temporal bone fuses 
dorsally along the tympanic incisure with the squa- 
mous part (Fig. 2-7), caudally with the mastoid 
process of the petrous part of the temporal bone, 
ventromedially with the basi-occipital bone and 
craniomedially with the wing of the basisphenoid 
bone (Fig. 2-8). The fissure between the tympanic 

bulla and the basi-occipital has two openings for 
the passage of blood vessels and nerves. These are 
the jugular foramen, foramen jugulare, caudally and 
the carotid canal, canalis caroticus, rostrally (Fig. 2- 

8). Immediately lateral to the carotid canal lies the 
opening of the musculo-tubal canal, canalis mus- 
culotubarius, which forms the bony part of the au- 
ditory tube to the middle ear cavity. 
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The petrous part of the temporal bone, pars pe- 
trosa, mainly lies intracranially and forms the ven- 
trolateral part of the cranial cavity (Fig. 2-11). Its 
inner surface is divided into rostral and caudal 
parts by the petrosal crest, crista petrosa. The rostral 
part bears a foramen for the external ophthalmic 

artery. The caudal part bears the internal acoustic 
pore, porus acusticus internus and a deep cerebellar 

fossa, fossa cerebellaris. The pore leads to the inter- 

nal acoustic meatus, meatus acusticus internus, for 
the passage of the facial and vestibulo-cochlear 
nerves, the fossa is for the cerebellar parafloccular 
lobe. Only a small portion of the petrous temporal 

bone is visible on the caudal and lateral surfaces of 
the skull (Figs. 2-7 and 2-10). It is bounded cau- 
domedially by the squamous and lateral parts of the 
occipital bone and caudolaterally by the squamous 
and tympanic parts of the temporal bone. The large 

mastoid process, processus mastoideus (Fig. 2-7), lies 

between the external acoustic meatus and the par- 

acondylar process and forms the lateral part of the 

externally visible petrous temporal bone. The sty- 

lomastoid foramen, foramen stylomastoideum, is lo- 
cated medial to the mastoid process, between the 

latter and the tympanic bulla. On the inner surface 
the petrous temporal bone fuses medially with the 
basi-occipital bone, rostrally and dorsally with the 
squamous and tympanic parts of the temporal 
bone, and caudally with the exoccipital bones. Ex- 

ternally it fuses medially with the exoccipital bone 

and dorsally with the supraoccipital bone (Fig. 2- 

10). Laterally it fuses with the squamous part of the 
temporal bone and ventrolaterally and ventrally 

with the tympanic part of the temporal bone. 

The frontal bone, os frontale, is paired and irreg- 
ular in outline (Figs. 2-5 and 2-7). Each bone con- 

sists of squamous, orbital, and nasal parts and is 
extensively aerated by the frontal paranasal sinus. 
The squamous and nasal parts form the rostrodor- 

sal, and the orbital part forms the rostrolateral part 
of the cranium. The squamous part, squama fron- 
talis is flattened and projects laterally to form a zy- 

gomatic process, processus zygomaticus. The zygo- 
matic process of the frontal bone does not extend 

to the zygomatic arch leaving the bony orbit open 
caudally. The rostral border of the zygomatic pro- 
cess forms the supraorbital margin, margo supraor- 

bitalis. The latter bears a supraorbital incisure, in- 
cisura supraorbitalis at the base of the zygomatic 

process for the passage of blood vessels and nerves. 
The caudal margin of the zygomatic process con- 
tinues caudally, blending with the external sagittal 
crest of the parietal bone. The orbital part, pars or- 
bitalis (Fig. 2-7), of the frontal bone projects ven- 
tromedially, forming a major portion of the medial 
wall of the bony orbit. Distally it bears two eth- 
moidal foramina, foramina ethmoidalia, for the pas- 

sage of blood vessels and nerves. The nasal part of | 

the frontal bone lies dorsomedially on the cranium. | 

It is small and fuses rostrally with the nasal bones. 
Externally, the frontal bone fuses extensively with | 

the bones of the cranium and face. Along the dorsal | 
midline the two frontal bones fuse with each other. 

Rostrally they fuse with the nasal, incisive and max- 

illary bones (Fig. 2-5); rostroventrally with the lac- 

rimal and maxillary bones; caudoventrally with the 
wing of the basisphenoid bone and caudally with 
the squamous temporal and parietal bones. 

The basisphenoid bone, os basisphenoidale, is un- 
paired and consists of a body, corpus, an alisphe- 

noid wing, ala, and a pterygoid process, processus 

pterygoideus. The body forms the middle part of the 

cranial floor (Figs. 2-8 and 2-11) upon which the 
hypophysis rests. Its dorsal (internal) surface is 

smooth and without a distinct sella turcica. It fuses 
with the basi-occipital bone caudally, with the tym- 

panic bulla laterally and with the presphenoid ros- 

trally. The wing extends dorsolaterally and rostrally 

from the body to form the ventrolateral part of the 

cranium (Fig. 2-7). It bears the round foramen ros- 
trally and the oval foramen (Fig. 2-8) caudally 

along its junction with the basispheniod body. Dor- 

sal to the alar canal the wing bears the small fora- 

men alare parvum for branches of the mandibular 

nerve. The wing fuses caudally with the tympanic 

bulla, dorsally with the squamous temporal bone 

and rostrally with the frontal and palatine bones. 
The pterygoid process projects laterally and ven- 

trally from the body of the basisphenoid bone (Figs. 
2-7 and 2-8). A large alar canal, canalis alaris, tra- 
verses the base of the pterygoid process. The latter 

opens caudally at the caudal alar foramen, foramen 

alare caudale, and rostrally at the rostral alar fora- 

men, foramen alare rostrale. The foramen alare par- 
vum is connected to the caudal part of the alar 

canal, and the round foramen opens into the rostral 

part of the canal. The pterygoid process fuses ros- 

trally with the palatine bone and medially with the 

pterygoid bone. The fusion with the pterygoid bone 

is so intimate that it is impossible to identify the 

suture line, even in very young animals. 

The presphenoid bone, os presphenoidale, is un- 

paired and consists of a body and two wings (Figs. 

2-7 and 2-11). The major portion of the body lies 
within the cranial cavity, forming the rostral part 

of the cranial floor. Only a small portion, the or- 

bital wing, can be seen on the surface of the skull. 
The wing bears the large optic canal, canalis opticus, 

on each side and helps form the orbital fissure that 

lay caudoventral to the optic canal (Fig. 2-7). Ex- 

ternally, the presphenoid bone fuses dorsally and 

rostrally with the orbital part of the frontal bone, 
ventrally with the perpendicular part of the palatine 
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Fig. 2-9. Skull, rostral view. 1 nasal bone, 2 incisive bone, 3 vomer, 4 maxilla, 5 zygomatic bone, 6 external acoustic 

pore, 7 facial (masseteric) tuberosity of maxilla, 8 hamulus of pterygoid bone, 9 paracondylar process, 10 tympanic bulla, 

11 infraorbital foramen, 12 incisive bone, 13 ethmoid turbinate bones, 14 zygomatic process of frontal bone. 

bone and caudally with the wing of the basisphe- 
noid bone. 

The pterygoid bone, os pterygoideum, is paired 
and situated medial to the pterygoid process of the 
basisphenoid, to which it is fused. It projects cau- 
doventrally to form the hamulus, hamulus ptery- 

goideus (Figs. 2-7 to 2-10), for the attachment of 
muscles. 

The ethmoid bone, os ethmoidale (Figs. 2-9 to 2- 

11), is a complex of bone and cartilage scrolls that 
is located between the facial and cranial portions of 
the skull. It is only visible within the nasal cavity. 
Although unpaired as a unit it develops as right and 
left dorsal, middle, and ventral nasal conchae, con- 

cha nasalis dorsalis, media, et ventralis. A transverse 

cribriform plate, lamina cribrosa, through which the 

Fig. 2-10. Skull, caudal view. 1 nuchal crest, 2 zygomatic process of frontal bone, 3 zygomatic bone, 4 exoccipital 

condyle, 5 hamulus of pterygoid bone, 6 upper incisor, 7 tympanic bulla, 8 paracondylar process, 9 mastoid process, 10 

foramen magnum, 11 supraoccipital bone. 
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Fig. 2-11. Skull, median section, medial view. 1 cribriform plate of ethmoid bone, 2 crista galli, 3 perpendicular plate 

of ethmoid bone, 4 ethmoid turbinate bones, 5 vomer, 6 nasal bone, 7 dorsal nasal turbinate bone (ethmo-turbinate I), 8 

ventral nasal turbinate bone, 9 incisive bone, 10 palatine process of maxilla, 11 sphenopalatine foramen, 12 presphenoid 

bone, 13 optic canal, 14 orbital fissure, 15 basisphenoid bone, 16 oval foramen, 17 hamulus of pterygoid bone, 18 

tympanic bulla, 19 paracondylar process, 20 basioccipital bone, 21 jugular foramen, 22 exoccipital condyle, 23 canals for 

hypoglossal nerve, 24 internal acoustic meatus, 25 petrous temporal bone, 26 cerebellar fossa, 27 parietal bone, 28 
foramen for stapedial artery, 29 groove for stapedial artery, 30 spheno-frontal foramen. 

olfactory nerves pass, separates the nasal cavity 
from the cranial cavity. The ventral conchae, also 

known as the ethmoturbinal labyrinth, labyrinthus 

ethmoidales, fill the nasal cavity. A median nasal 
septum, the perpendicular plate or mesethmoid, 

separates the right and left nasal cavities. Attached 
to the ventral surface of this ethmoid complex is 
the vomer that thus forms part of the roof of the 
nasopharyngeal canal. 

BONESSOF THE FACE, OSSA*FACIEL 

The nasal bone, os nasale (Figs. 2-5 and 2-7), is 

paired and forms the dorsum of the nose. It is 

slightly convex and expanded rostrally to form two 
short nasal processes, one medially and one later- 

ally. The left and right nasal bones fuse along the 
midline. They fuse with the frontal bones caudally, 
and with the incisive bones laterally. The dorsal na- 

sal concha attaches to the inner, rostrolateral sur- 
face of the nasal bone. 

The lacrimal bone, os lacrimale, is paired and 

wedged between the frontal, zygomatic and maxil- 

lary bones (Figs. 2-5 and 2-7). It forms the rostro- 
medial part of the bony orbit and has a large lac- 

rimal foramen for the passage of the lacrimal duct. 
The maxillary bone, maxilla (Figs. 2-5, 2-7 to 2- 

9), is paired, each with a body and frontal, palatine, 
zygomatic and alveolar processes. The rostrolateral 

surface of the maxilla is concave, forming a long, 

wide groove extending from the alveolar border to 

the dorsolateral surface of the nose. The groove 
contains part of the masseter muscle. The maxilla 

encloses the maxillary paranasal sinus and serves 

for attachment of the ventral nasal concha inter- 
nally. 

The body of the maxilla, corpus maxillae, com- 

pletes the medial wall of the bony orbit. The infra- 

orbital canal, canalis infraorbitalis, traverses the 

body of the maxilla. The canal extends from the 

maxillary foramen, foramen maxillare, caudally, to 

the infra-orbital foramen, foramen infraorbitale, 

rostrally (Figs. 2-7 and 2-9). The ventrolateral wall 

of the infraorbital foramen is enlarged to form a 

prominent facial tubercle, tuber faciale (masseteric 

tubercle of Bryant, 1945). Along the medial wall of 

the bony orbit the body of the maxilla fuses with 

the palatine, frontal and lacrimal bones. Two sphe- 

nopalatine foramina, foramen sphenopalatinus, are 

present along the latter fissures, one rostral in the 

fissure between the lacrimal and maxillary bones 

and one caudal in the fissure between the maxillary 

and palatine bones (Fig. 2-7). The body of the max- 

illa fuses rostrally with the incisive bone (in front 

of the bony orbit). 

The zygomatic process, processus zygomaticus, is 

flat and grooved to accommodate the zygomatic 

bone (Figs. 2-5, 2-7 and 2-8). It projects caudola- 

terally from the body of the maxilla and fuses with 

the zygomatic bone to complete the rostral part of 

the zygomatic arch. The short frontal process, pro- 

cessus frontalis, extends dorsorostrally from the 

body of the maxilla. It fuses with the frontal and 

incisive bones (Figs. 2-5 and 2-7). 

The alveolar process, processus alveolaris, extends 

ventrally from the body of the maxilla. It has sock- 
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Fig. 2-12. Left mandible, lateral view. 1 coronoid process, 2 articular condyle, 3 condylar process, 4 mandibular ramus, 

5 angular process, 6 masseteric fossa, 7 mandibular body, 8 mental foramen, 9 incisive part, 10 molar part. 

ets, alveoli dentales, for the upper premolar and 
molar teeth (Fig. 2-7). 

The palatine process, processus palatinus, projects 

medially from the body of the maxilla (Fig. 2-8). It 

fuses with the incisive bone rostrally, with the pal- 
atine bone caudally and laterally, and on the mid- 
line with the palatine process of the opposite side 
to form the middle section of the hard palate. 

The lateral (superficial) surfaces of the body, zy- 
gomatic process and frontal process form a deep, 
wide groove (zygomatic plate) to accommodate 
part of the deep masseter muscle. 

The incisive bone, os incisivum, (premaxilla) con- 

sists of a body, a caudodorsally directed nasal pro- 
cess, a medially directed palatine process, and an 
alveolar process. It forms the rostrolateral part of 
the face and the rostral part of the hard palate. The 

nasal process, processus nasalis, extends dorsally and 

caudally from the body of the incisive bone. It fuses 

with the nasal, frontal and maxillary bones (Figs. 
2-5 and 2-7). 

The palatine process projects medially from the 
body of the incisive bone. It fuses with the palatine 
process of the opposite side along the midline of 
the palate and helps to form the large, elongated 
palatine fissure, fissura palatina. 

The alveolar process bears the socket for the 

large, curved upper incisor tooth. The tooth is em- 

bedded along the entire length of the incisive bone. 
The rostral part of the ventral concha is attached 

along the medial (nasal) surface of the incisive 
bone, and the vomer is attached to a groove formed 
by the fusion of the right and left palatine processes 
of the incisive bones. 

The palatine bone, os palatinum, consists of hor- 
izontal and perpendicular parts. The caudal part of 

the hard palate is formed by the horizontal laminae 
of the palatine bone (Fig. 2-8) that projects medi- 
ally to meet on the midline. The caudal palatine 
foramen, foramen palatinum caudale, perforates or 
notches the caudolateral border of the horizontal 
lamina, just caudal to the last molar tooth (Fig. 2- 
8). The small major palatine foramen, foramen pal- 
atinum majus, is present on the rostral part of the 

horizontal lamina. The lamina fuses rostrally and 
laterally with the palatine and alveolar processes of 
the maxilla respectively. The perpendicular lamina 
of the palatine bone projects dorsally and caudally. 
It forms the ventromedial wall of the bony orbit 
and the medial wall of the rostral alar foramen and 
orbital fissure (the lateral walls are formed by the 
wing of the basisphenoid bone). The caudal sphe- 
nopalatine foramen lies along the fissure between 
the palatine, maxillary and frontal bones. The per- 
pendicular lamina meets rostrally with the maxilla, 
dorsally with the frontal and presphenoid bones, 
and caudally with the basisphenoid bone. 

The zygomatic bone, os zygomaticum (Figs. 2-5, 

2-7 and 2-10), is also known as the jugal or malar 
bone. It is paired and spans the space between the 
zygomatic process of the maxilla and the zygomatic 
process of the temporal bone to complete the zy- 
gomatic arch. The rostral end of the zygomatic 
bone joins the maxilla and lacrimal bones, and the 
caudal end joins the temporal bone. 

The mandible, mandibula (Figs. 2-12 to 2-14), 
consists of a body and a ramus. The body, corpus 
mandibulae, has incisive and molar parts. The left 

and right incisive parts fuse rostrally to form a loose 
symphysis (the woodchuck can abduct the lower 
incisors when threatened). The symphysis is so 
placed that the two halves of the mandible diverge 
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Fig. 2-13. Left mandible, medial view. 1 coronoid process, 2 mandibular foramen, 3 symphysis, 4 pterygoid fossa, 5 

angular process, 6 pterygoid fovea, 7 articular condyle. 

from each other caudally. The body of the mandi- 

ble carries the alveolus for the lower incisor tooth. 
The latter is embedded along the length of the ven- 
tral part of the body. Between the incisor tooth and 
the first premolar tooth is a large interalveolar space 

(diastema). The mental foramen, foramen mentale, 

is located along the lateral border of the incisive 
part, just rostral to the roots of the first premolar 
tooth: The molar part carries the sockets for the 
molar and premolar teeth. Although the left and 

Fig. 2-14. Mandible, dorsal view. 1 incisive part of mandibular body, 2 symphysis, 3 molar part of mandibular body, 4 

coronoid process, 5 masseteric fossa, 6 pterygoid fossa, 7 articular condyle, 8 angular process, 9 lower molar III, 10 lower 

molar Il, 11 lower molar I, 12 lower premolar 4, 13 lower incisor. 
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Fig. 2-15. Hyoid apparatus, rostral view. 1 stylohyoid, 2 epihyoid, 3 basihyoid, 4 lingual process, 5 ceratohyoid, 6 

thyrohyoid. 

right halves of the mandible diverge caudally, the 
molar parts are so placed that the two rows of cheek 
teeth are parallel to each other. The ramus of the 
mandible, ramus mandibulae, projects caudally and 
dorsally. Its lateral surface bears a large masseteric 
fossa, fossa masseterica (Fig. 2-12), for the attach- 

ment of the masseter muscle. Its medial surface 
bears a smaller but more distinct pterygoid fossa, 
fossa pterygoidea (Fig. 2-13), for the attachment of 
the medial pterygoid muscle. The caudal border is 
convex and thickened to form a large angular pro- 
cess, processus angularis. The dorsal border bears 

coronoid and articular processes. The coronoid 
process, processus coronoideus, inclines caudally and 
gives attachment to the temporal muscle. The con- 
dylar process, processus condylaris, lies caudal to the 
coronoid process and bears the rounded articular 
condyle, caput mandibulae, for articulation with the 
mandibular fossa of the squamous temporal bone. 
The mandibular foramen, foramen mandibulae (Fig. 

2-13), lies dorsal to the pterygoid fossa and caudal 
to the last molar tooth. A mandibular canal, canalis 
mandibulae, connects the mandibular and mental 
foramina. 

Teeth, dentes, are discussed with the digestive 
system. 

The hyoid apparatus, apparatus hyoideus (Fig. 2- 
15), consists of paired stylohyoid, epihyoid, cera- 
tohyoid and thyrohyoid bones and a median basi- 
hyoid bone which bears a very small lingual 
process. The stylohyoid bone is attached to the 
temporal bone distal to the stylomastoid foramen. 

VERTEBRAL COLUMN, COLUMNA 
VERTEBRALIS 

The vertebral column (Fig. 2-1) is short and 
stout. It consists of seven cervical, twelve or thirteen 

thoracic, six or seven lumbar, four sacral and nine- 

teen caudal vertebrae (7C, 12—13T, 6—7L, 4S, 19CD, 

total number of vertebrae 55-60). 

A vertebra (Fig. 2-18) consists of a body, corpus 

vertebrae, with paired transverse processes and a 

dorsal vertebral arch, arcus vertebrae, that carries a 

spinous processes. The body has cranial and caudal 
articulating surfaces that are separated from each 
other by fibrous intervertebral discs, discus interv- 

ertebralis, which allow for some mobility. 
The vertebral arch is composed of two pedicles, 

pediculus arcus vertebrae, and two laminae, lamina 
arcus vertebrae, that completes the arch dorsally, 
forming a vertebral foramen, foramen vertebrale. 
Successive vertebral foramina form the vertebral ca- 
nal, canalis vertebralis, which contains the spinal 

cord. The vertebral arch has two transverse pro- 

cesses, processus transversus, and a single spinous 
process, processus spinosus. Two cranial and two 

caudal articular processes, processus articularis cran- 
ialis et caudalis, bears facets by which successive 
vertebrae articulate with each other. Each vertebral 
arch bears cranial and caudal vertebral incisures, 
incisura vertebralis cranialis, and incisura vertebralis 

caudalis. Together, the caudal incisure of one ver- 
tebra and the cranial incisure of the following ver- 
tebra form an intervertebral foramen, foramen in- 

tervertebrale. Intervertebral foramina are therefore 
present between the vertebral arches of successive 
vertebrae, allowing for the passage of nerves and 

blood vessels. 

Atlas. The first cervical vertebra, Cl or atlas 
(Fig. 2-16), is highly modified. It consists of two 
lateral wings, a dorsal arch and a ventral body also 
called the “ventral arch”. (This ventral portion of 
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Fig. 2-16a, Atlas, caudal view, Fig. 2-16b, Atlas, cranial view. 1 dorsal tubercle, 2 dorsal arch, 3 alar foramen, 4 wing, 5 

cranial articular surface, 6 caudal articular surface, 7 articular surface for the dens of the axis, 8 ventral arch or body. 

the atlas is only half of the embryological centrum 
since the other half becomes the dens of the axis.) 

The cranial and caudal extremities of the atlas are 
modified to form articular surfaces, fovea articularis 
cranialis and fovea articularis caudalis, for articula- 
tion with the occipital condyles and axis respec- 

tively. The wing of the atlas, ala atlantis, bears the 

alar foramen, foramen alare, close to its cranial bor- 

der. A small tubercle is present between the wing 

and the caudal articular process. The body has an 
articular fovea, fovea dentis, for articulation with the 
axis, while the dorsal arch bears a distinct dorsal 
tubercle. A fairly large interarcual space is present 
dorsally between the skull and the atlas. 

Axis. The second cervical vertebra, 2C or axis 
(Fig. 2-17), is composed of several embryological 
elements not present in the atlas. The cranial ex- 
tremity of the body of the axis projects into the 
atlas and bears a pointed projection or dens which 

represents one half of the embryological body of 
the atlas. The transverse process has a foramen, fo- 

Fig. 2-17. Axis, left lateral view. 1 spinous process, 2 cau- 

dal articular facet, 3 transverse process, 4 caudal extremity, 

5 transverse foramen, 6 cranial extremity, 7 dens, 8 ver- 

tebral foramen. 

ramen transversarium, and the long spinous process 

inclines caudally. 

3-7C. The bodies of the third to seventh cer- 
vical vertebrae (Fig. 2-18) are similar to each other. 
They are compressed and the spinous processes are 

reduced to tubercles. The transverse processes of 3C 

to 6C have transverse foramina. Furthermore, the 
transverse process of 6C is expanded to form a ven- 
tral lamina, lamina ventralis. The caudal extremity 
of 7C bears articular foveae for the heads of the 
first ribs. 

Thoracic Vertebrae. The thoracic vertebrae, 
vertebrae thoracicae (Fig. 2-19), are modified to car- 

ry ribs. The spinous processes are high and caudally 
inclined, the transverse processes are reduced and 
carry articulation facets, fovea costalis processus 

transversi, for articulation with the tubercles of the 
ribs. The bodies have cranial and caudal articular 
foveae, fovea costalis cranialis, and fovea costalis cau- 
dalis, for articulation with the heads of the ribs. The 
tenth thoracic vertebra (10T) is the anticlinal ver- 

tebra with its spine directed cranially. An accessory 

processes, processus accessorius, is present between 
the transverse and caudal articular process of 10— 

Fig. 2-18. Cervical vertebra, cranial view. 1 spinous pro- 

cess, 2 lamina, 3 pedicle, 4 transverse process, 5 cranial 

extremity, 6 transverse foramen, 7 cranial articular facet, 8 

vertebral foramen. 
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Fig. 2-19. Thoracic vertebra, left lateral view. 1 spinous 

process, 2 caudal articular facet, 3 caudal vertebral incisure, 

A caudal costal fovea, 5 caudal extremity, 6 body, 7 cranial 

extremity, 8 cranial costal fovea, 9 cranial vertebral incisure, 

10 cranial articular facet, 11 costal fovea on the transverse 

process, 12 mamillary process. 

13T, and a large mammillary process, processus 
mamillaris (Fig. 2-19), is present between the cra- 
nial articular and transverse processes of 6—12T. 

Lumbar Vertebrae. Lumbar vertebrae, ver- 

tebrae Iumbales (Fig. 2-20), are large and robust 
compared with other vertebrae. They have well-de- 
veloped spinous processes that increase in length 

from cranial to caudal. The strong transverse pro- 
cesses incline ventrocranially, and they get larger 
from cranial to caudal in the series. Accessory and 
mammnillary processes are present on 1—6L. The ar- 

ticular processes of the lumbar vertebrae are placed 
sagittally to allow maximum flexion and extension 

of the vertebral column. 

Sacral Vertebrae. Sacral vertebrae, four in 

number, are fused as the sacrum or os sacrale (Figs. 

2-21 to 2-23). This compound bone is triangular in 
shape. The base, basis ossis sacri, is cranial and the 
apex, apex ossis sacri, is caudal. There are dorsal and 

pelvic surfaces. The dorsal surface is characterized 

by fusion of the various processes. In older animals 
the tips of the spinous processes fuse to form a 
median sacral crest, crista sacralis mediana (Fig. 2- 

21). The transverse processes fuse to form the large 

lateral part of the sacrum. The lateral part carries 
the wing, ala sacralis, which is formed by the fused 

transverse processes of the first two sacral vertebrae. 
The dorsolateral part of the sacral wing is rough- 
ened and forms the auricular face, facies auricularis, 
(Fig. 2-21) which articulates with the wing of the 
ilium. The articular processes fuse to form an in- 

termediate crest, crista sacralis intermedia. Due to 
the extensive fusion of the vertebrae, the three pairs 
of intervertebral foramina separate into dorsal fo- 

Fig. 2-20. Lumbar vertebra, left lateral view. 1 spinous 

process, 2 caudal articular facet, 3 accessory process, 4 cau- 

dal extremity, 5 transverse process, 6 cranial extremity, 7 

mamillary process, 8 cranial articular facet. 
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Fig. 2-21. Sacrum, dorsal view. 1 cranial articular facet, 2 

auricular face, 3 median sacral crest, 4 intermediate sacral 

crest, 5 caudal articular facet, 6 dorsal sacral foramen, 7 

lateral part, 8 wing. 
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Fig. 2-22. Sacrum, ventral view. 1 promontory, 2 trans- 

verse lines, 3 ventral sacral foramina. 

ramina, foramina sacralia dorsalia, on the dorsal 

surface, and ventral foramina, foramina sacralia 
ventralia, on the pelvic surface (Figs. 2-21 and 2- 

22). The bodies of the sacral vertebrae fuse and 

form three transverse lines, lineae transversae (Figs. 

2-22 and 2-23) on the ventral (pelvic) surface. The 

cranioventral edge of the first sacral vertebra forms 
the sacral promontory, promontorium, lies at the 

level of the acetabulum. 

Fig. 2-24. First caudal vertebra, caudal view. 1 spinous 

process, 2 caudal articular process, 3 transverse process, 4 

vertebral foramen, 5 ventral hemal processes, 6 caudal ex- 

tremity, 7 cranial articular process. 

Caudal Vertebrae. The caudal vertebrae, ver- 

tebrae caudales (Fig. 2-24), of the tail may vary in 
number, but usually 19 are present. The first few 
are typical vertebrae, but gradually lose their fea- 
tures until only the bodies remain as rounded rods. 

1—4Cd has ventral hemal processes, processus hem- 
alls. 

STERNUM 

The sternum (Fig. 2-25) consists of six bony seg- 

ments or sternebrae that are joined by cartilage as 

synchondroses sternales. The first sternebra or ma- 

nubrium sterni, is the largest. It is rod-shaped with 
a laterally expanded cranial part for articulation 
with the clavicle and the first rib. The manubrium 
lacks a manubrial cartilage. Succeeding sternebrae 
are also rod shaped but get progressively shorter 

caudally. The last sternebra has a xiphoid process, 
processus xiphoideus, which bears an anchor- or 

paddle-shaped xiphoid cartilage, cartilago xiphoidea. 

The costal cartilages of the first seven ribs articulate 
with the sternum at the level of the intersternebral 
cartilages. 

Fig. 2-23. Sacrum, left lateral view. 1 median sacral crest, 2 intermediate sacral crest, 3 ventral sacral foramen, 4 trans- 

verse line, 5 auricular face, 6 cranial articular facet. 



Chapter 2—The Skeleton 27 

Fig. 2-25. Sternum, ventral view. 1 manubrium, 2 ster- 

nabra, 3 sternal synchondrosis, 4 xiphoid process, 5 xiphoid 

cartilage. 

RIBS 

There are 12 or 13 pairs of thoracic ribs, costae 
(Figs. 2-1 and 2-26). Each of the first 7 pairs artic- 

ulate with the sternum by means of a costal carti- 
lage, cartilago costalis. They are true ribs, costae ver- 
ae, also called sternal ribs, costae sternales. The 

cartilages of the last five pairs of ribs attach to each 
other and to the cartilage of the seventh rib to form 
a costal arch, arcus costalis. They are false ribs, cos- 

tae spuriae, also known as asternal ribs, costae as- 

ternales. The cartilages of the last pair of ribs often 
do not reach the costal arch and therefore are float- 
ing ribs, costae fluctuantes. The first rib is short and 

stout. The ribs get progressively longer caudally, 

reaching their maximum length at the seventh pair. 
The ribs and costal cartilages are of equal length. 

A typical rib consists of a head, caput costae, a 
neck, collum costae, and a body, corpus costae. The 
head is rounded and articulates with two successive 

vertebral bodies. The neck is short and attaches the 
head to the body of the rib. The tubercle of the rib, 
tuberculum costae, projects dorsally from the junc- 
tion of the neck and body, and articulates with the 

transverse process of the corresponding thoracic 
vertebra. The necks of the ribs get progressively 
shorter caudally, and the heads and tubercles move 
closer to each other. The last two pairs of ribs do 

not have tubercles. The body of the rib is rounded 
and the caudal surface of the proximal two thirds 

has a groove, sulcus costae, for the intercostal nerve 
and blood vessels. Distally the rib attaches to the 

costal cartilage, which forms a distinct bend, genu 

costae, before it articulates with the sternum. All the 

costochondral junctions that are caudal to the 
shoulder joint lie on the same horizontal plane 

(about 15 mm ventral to the shoulder joint). 

APPENDICULAR SKELETON 

The appendicular skeleton includes the bones of 
the limbs and the limb girdles. 

Shoulder Girdle. The shoulder girdle, cingu- 
lum membri thoracici, consists of the scapula and a 
well developed clavicle. The scapula is attached to 
the trunk by muscles whereas the clavicle articulates 
with the manubrium of the sternum and with the 
acromion of the scapula (Fig. 2-1). 

Scapula. The scapula, or shoulder blade, is 

roughly triangular in shape. It has lateral and costal 

surfaces, dorsal, caudal and cranial margins, and 
caudal, ventral and cranial angles. 

The lateral surface, facies lateralis (Fig. 2-27), is 
divided by the spine of the scapula, spina scapulae, 
into a larger supraspinous fossa, fossa supraspinata, 

and a smaller infraspinous fossa, fossa infraspinata. 
The scapular spine extends over the entire length 
of the scapula. Distally, the free border of the spine 
curves caudally and expands to form an acromion, 
acromion. The proximal part of the acromion pro- 
jects caudally and the distal part projects cranio- 

ventrally. 
The costal surface, facies costalis (Fig. 2-28), con- 

sists of a small, serrated face, facies serrata, along 
the dorsal border and a large subscapular fossa, fos- 
sa subscapularis. Two longitudinal ridges divide the 
latter into three approximately equal parts. Distally 

(at the ventral angle) the scapula narrows to form 
a neck and then expands to form a shallow, hollow, 
articular surface, the glenoid cavity, cavitas glenot- 

dalis. Cranial to the glenoid cavity is a large supra- 

glenoid tubercle, tuberculum supraglenoidale, which 
bears the medio-ventrally directed coracoid process, 
processus coracoideus. The articular surface of the 

glenoid cavity encroaches unto and is enlarged by 

the supraglenoid tubercle. 
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Fig. 2-26. 
7 costal groove. 

Clavicula. The clavicle is a stout, somewhat 

bent bone (Figs. 2-1 and 2-29). Both ends are en- 

larged for articulation with the manubrium of the 
sternum and with the acromion of the scapula. 

Thoracic Limb. The skeleton of the thoracic 

limb consists of the humerus, radius and ulna, car- 

pals, metacarpals, and digital bones. 

Humerus. The humerus, humerus (Figs. 2-30 
and 2-31), is the bone of the brachium or upper 
arm. It articulates proximally with the scapula at 

the shoulder joint, and distally with the radius and 

ulna at the elbow joint. The humerus consists of 
two extremities and a body or shaft. 

The proximal extremity consists of a head, caput 
humeri, which bears a large, oval articular surface, 

and two tubercles. The major tubercle, tuberculum 

Left rib, caudal view. 1 costal tubercle, 2 neck, 3 head, 4 costal cartilage, 5 genu, 6 costochondral junction, 

majus, large and lies craniolateral to the head. The 

minor tubercle, tuberculum minus, is small and lies 

medial to the head. The two tubercles are separated 

-cranially from each other by a shallow intertuber- 

cular groove, sulcus intertubercularis (Fig. 2-30), for 

the passage of the tendon of the biceps muscle. 

The body of the humerus, corpus humert, is 

rounded and has cranial, caudal, medial and lateral 

surfaces. It bears a large deltoid tubercle, tuberositas 

deltoidea, on the proximal cranial surface, and a 

small teres tubercle, tuberositas teres major, on the 

medial surface. A distinct ridge, crista humeri, ex- 

tends along the caudal surface from the minor tu- 

bercle to the lateral epicondyle. This ridges spirals 

from medial to lateral, forming a distinct groove, 

sulcus m. brachialis, for the brachial muscle. The 

distal part of the shaft widens laterally to form a 
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Fig. 2-27. Left scapula, lateral view. 1 infraspinous fossa, 

2 caudal border, 3 scapular spine, 4 acromion, 5 supragle- 

noid tubercle, 6 cranial border, 7 supraspinous fossa, 8 dor- 

sal border. 

flat shelf of bone, crista epicondylus lateralis, which 

extends distally onto the lateral epicondyle. 
The distal extremity consists of a condyle, con- 

dylus humeri, which bear the articular surface, and 

two epicondyles, epicondylus lateralis and epicon- 
dylus medialis (Fig. 2-31). The condyle, which con- 
sists of a trochlea and a capitulum, articulates with 
the radius and ulna. There is, however, no clear 

distinction between the trochlea and capitulum. 
Proximal to the condyle the caudal surface bears an 
olecranon fossa, fossa olecrani, and the cranial sur- 

face a radial fossa, fossa radialis (Fig. 2-30). A thin 
plate of bone separates the radial and olecranon 
fossae from each other. The latter is incomplete in 
some animals, in which case it bears a supratro- 
chlear foramen, foramen supratrochleare. The me- 
dial epicondyle is large and projects medial to the 
condyle. In some animals it bears a supracondylar 
foramen, foramen supracondylare, for the passage of 
blood vessels and nerves. 

The radius and ulna form the bones of the an- 
tebrachium or forearm. They articulate at the elbow 

Fig. 2-28. 
subscapular fossa, 3 coracoid process, 4 supraglenoid tu- 

bercle, 5 acromion, 6 glenoid cavity, 7 neck. 

Left scapula, medial view. 1 serrated face, 2 

with the humerus and with each other. At the car- 
pus the articulate with each other and with the 
proximal carpal bones. 

Radius. The radius (Figs. 2-32 and 2-33) is 

shorter and smaller than the ulna. It has two ex- 

tremities and a shaft, with cranial, caudal, lateral 

and medial margins and surfaces. The proximal ex- 
tremity of the radius consists of a small, rounded 
head, caput radii, which bears an articular surface, 

fovea capitis radii, for the condyle of the humerus, 
and an articular circumference, circumferentia arti- 

cularis, along its caudal surface for articulation with 

the ulna. A short, indistinct neck, collum radii, at- 

taches the head to the shaft. The neck bears a small 

radial tuberosity, tuberositas radii, on its caudo- 
medial surface. The shaft of the radius, corpus radii, 

is round and widens distally. The distal extremity 
consists of a radial trochlea, trochlea radii. The 

trochlea has a single, undivided articular surface, 

facies articularis carpea, for articulation with the in- 
termedioradial carpal bone, a small articulation fac- 

et for the ulna on its lateral surface, and a styloid 



30 Anatomy of the Woodchuck, Marmota monax 

Fig. 2-29. 
clavicle, 5 supraglenoid tubercle, 6 supraspinous fossa. 

process, processus styloideus, on the medial surface. 
It has a shallow groove dorsally for the extensor 
tendons. 

Ulna. The ulna (Fig. 2-34) is the longest bone 

of the thoracic limb. It consists of an olecranon, a 
shaft, and a head, with lateral, medial, caudal and 
cranial surfaces and margins. 

The olecranon is the proximal extremity of the 
ulna. Its cranial margin has a trochlear incisure, 

incisura trochlearis, for articulation with the troch- 

lea of the humerus. The trochlear incisure ends 
proximally on the anconeal process, processus an- 

coneus, and distally on the large medial coronoid 
and smaller lateral coronoid processes, processus co- 
ronoideus medialis, and processus coronoideus later- 
alis, respectively. The radial incisure, incisura radi- 

alis, for articulation with the head of the radius lies 
between the lateral and medial coronoid processes. 

The proximal end of the olecranon is expanded to 
form the olecranon tuber, tuber olecrani. The shaft 

of the ulna, corpus ulnae, is slightly curved and 
heavier than that of the radius. 

The head of the ulna, caput ulnae, is the distal 
extremity of the ulna. It carries an articular facet 
for the radius medially and a styloid process, dis- 

Left scapula and clavicle, craniolateral view. 1 scapular spine, 2 acromion, 3 acromio-clavicular ligament, 4 

tally, that articulates with the ulnar and accessory 

carpal bones. 

Carpus. The nine carpal bones, ossa carpi 
(Figs. 2-35 and 2-36), of the carpus are arranged in 

three rows. The proximal row consists of the inter- 
medioradial, ulnar and accessory carpal bones, the 
middle row of the central carpal bone, and the dis- 
tal row of four carpal bones. The intermedioradial 

carpal bone (scapholunatum) represents the fused 
radial, os carpi radiale (os scaphoidum), and inter- 

mediate, os carpi intermedium (os lunatum), carpal 

bones. It is the largest bone in the proximal row, 
and lies medially, opposite the first three digits. It 

articulates proximally with the radius, laterally with 
the ulnar and accessory carpal bones, and distally 

with the central and first three carpal bones. The 
ulnar carpal bone, os carpi ulnare (os triquetrum), 

articulates palmarly with the accessory carpal bone, 
medially with the intermedioradial carpal bone, and 

distally with the fifth carpal bone. The accessory 
carpal bone, os carpi accessorium (os pisiforme) (Fig. 
2-36), lies caudal to the other carpal bones. It ar- 
ticulates with the ulnar and radial carpal bones. 

The central carpal bone, os carpi centrale, is a 
small, triangular bone between the proximal and 
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Fig. 2-30. Left humerus, cranial view. 1 head, 2 major tu- 
bercle, 3 intertubercular groove, 4 deltoid tuberosity, 5 ra- 

‘dial fossa, 6 lateral epicondyle, 7 trochlea, 8 medial epi- 

condyle, 9 supratrochlear foramen, 10 shaft, 11 minor 

tubercle. 

distal rows of carpal bones. It articulates proximally 

with the intermedioradial carpal bone, medially 
with the second carpal and second metacarpal 
bones and laterally with the third carpal bone. The 
fourth carpal is the largest bone in the distal row, 
and the second carpal bone is the smallest. 

The first carpal bone, os carpale 1 (os trapezium), 
is elongated and articulates proximally with the in- 
termedioradial carpal bone, medially with the car- 
pal sesamoid bone and laterally with the second 
carpal and metacarpal bones. 

The second carpal bone, os carpale II (os trape- 

zoideum), articulates distally with the second meta- 

carpal bone, medially with the first carpal bone, 
proximally with the intermedioradial carpal bone, 

and proximolaterally with the central carpal bone. 
The third carpal bone, os carpale III (os capita- 

tum), articulates distally with the third metacarpal 
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Fig. 2-31. Left humerus, caudal view. 1 head, 2 minor 

tubercle, 3 major teres tubercle, 4 shaft, 5 supratrochlear 

foramen, 6 medial epicondyle, 7 supracondylar foramen, 8 

trochlea, 9 olecranon fossa, 10 lateral epicondyle, 11 lateral 
epicondylar crest, 12 humeral crest, 13 deltoid tuberosity, 

14 major tubercle. 

bone, proximo-medially with the central carpal 
bone, and laterally with the fourth metacarpal 
bone. 

The fourth carpal bone, os carpale IV (os hama- 

tum), is the largest and most lateral of the carpal 
bones in the distal row. It articulates distally with 
the fourth and fifth metacarpal bones, medially 
with the third carpal bone, and proximally with the 
ulnar carpal bone. 

A large carpal sesamoid bone (radial sesamoid) 

is present in the medial carpal pad on the palmar 
aspect of the carpus (Fig. 2-36). It articulates dis- 
tally with the first metacarpal bone, and proximally 
with the intermedioradial carpal bone. Its caudal, 
free end curves laterally to form the medial and 
caudal borders of the carpal canal. 

Metacarpus. The five metacarpal bones, ossa 
metacarpalia I-V (Figs. 2-35 and 2-36), in the ma- 
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Fig. 2-32. Left radius, cranial view. 1 carpal articular sur- 

face, 2 head, 3 neck, 4 shaft, 5 trochlea. 

nus all have a base, basis, that articulates with the 
carpal bones, an elongated and slightly flattened 
body, corpus, and a head, caput, that articulates 
with the first phalanges and with the proximal ses- 
amoid bones. The first metacarpal bone is very 
short and almost square in outline. The third is the 

longest, the second and fourth are almost equal in 
length, and the fifth is slightly shorter than the pre- 
vious two. 

Digits. The phalanges, ossa digitorum manus 
(Figs. 2-35 and 2-38), form the five digits in the 
manus. Each digit has three phalanges, except the 
first digit that only has two. The phalanges are 
proximal, phalanx proximalis, middle, phalanx me- 
dia, and distal, phalanx distalis. The proximal pha- 
lanx of each digit is the longest, and the distal pha- 
lanx the shortest. The first and second phalanges of 
digits 2-5 consist of a base proximally, a body and 
a head distally. The proximal end of the distal pha- 
lanx bears a small extensor process, processus exten- 
sorius, dorsally, and a large flexor tubercle, tuber- 

culum flexoria, on the palmar surface. The 
unguicular process, processus unguicularis, carries 
the nail or claw. A bony crest, crista unguicularis, 

Fig. 2-33. 
head, 2 articular circumference, 3 neck, 4 shaft, 5 carpal 

articular surface, 6 medial styloid process, 7 articular surface 

for the ulna, 8 radial tuberosity, 9 head. 

Left raclius, caudal view. 1 articular surface of 

forms a groove, sulcus unguicularis, between the ar- 
ticular surface and the unguicular process. The 
groove houses the base of the nail. The flexor tu- 
bercle has axial and abaxial solear foramina for 

blood vessels and nerves. 

Sesamoid Bones. Two proximal sesamoid 
bones, ossa sesamoidea proximalia, are present on 

the palmar surface of the metacarpophalangeal 
joints of digits 2-5 (Fig. 2-36). A distal sesamoid 
bone, os sesamoideum distale, is present on the pal- 
mar surfaces of the distal interphalangeal joints of 

digits 2-5. The first digit does not have palmar ses- 
amoid bones. However, a large sesamoid bone is 
sometimes present on the dorsal aspect of the in- 
terphalangeal joint. 

Pelvic Girdle (Fig. 2-37). The pelvic girdle 
consists of the ilium, ischium, pubis and acetabular 

bone. The four bones fuse to form a hip bone, os 
coxae. Left and right ossa coxae fuse on the midline 
to form the pelvis. The pelvic girdle articulates me- 
dially with the wing of the sacrum and laterally with 
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Fig. 2-34. Left ulna, cranial view. Insert, ulnar styloid pro- 

cess, caudal view. 1 olecranon tuber, 2 anconeal process, 

3 trochlear incisure, 4 radial incisure, 5 lateral coronoid pro- 

cess, 6 medial coronoid process, 7 shaft, 8 head, 9 olec- 

ranon. 

the head of the femur. The acetabulum, acetabu- 
lum, is a deep hollow on the lateral aspect of the 
os coxae for articulation with the head of the fe- 
mur. The ilium, ischium and acetabular bones con- 
tribute to the formation of the acetabulum. A car- 
tilaginous lip attached to the rim of the hollow 

deepens the acetabulum. The articular surface, fa- 
cies lunata, is almost circular and caudoventrally in- 

complete. In the depth of the acetabulum is a small, 
roughened hollow, the acetabular fossa, fossa ace- 
tabuli, for the attachment of the ligament of the 
femoral head, ligamentum capitis ossis femoris. The 
caudoventral rim of the acetabulum bears a deep 

notch, the acetabular incisure, incisura acetabuli. 

The acetabular bone, os acetabuli, is a small, tri- 
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Fig. 2-35. Left forepaw, dorsal view. IL-V = metacarpals, 

1-5 = digits. 1 ulna, 2 ulnar carpal bone (triquetrum), 3 

third carpal bone (capitatum), 4 fourth carpal bone (hama- 

tum), 5 fifth metacarpal bone, 6 proximal phalanx of fifth 

digit, 7 middle phalanx of fifth digit, 8 distal phalanx of fifth 

digit, 9 unguicular crest, 10 unguicular process, 11 ungui- 

cular groove, 12 extensor process, 13 second carpal bone 

(trapezoideum), 14 first carpal bone (trapezium), 15 radial 

sesamoid, 16 central carpal bone, 17 intermedioradial car- 

pal bone (scapholunatum), 18 radius. 

angular bone located in the floor or ventral surface 
of the acetabulum. It fuses to the other bones of 
the os coxae to such an extent that it is only iden- 
tifiable in a young animal. 

The pubis, os pubis, consists of a body, corpus 

ossis pubis, with cranial and caudal rami. The cra- 

nial branch, ramus cranialis ossis pubis, extends dor- 

solaterally from the body to the acetabulum where 
it fuses with the other bones of the os coxae, with- 
out contributing to the formation of the acetabu- 
lum. The cranial ramus forms the cranial border or 
pecten, pecten ossis pubis, of the pelvis and bears a 
small iliopubic eminence, eminentia iliopubica, ven- 

tromedial to the acetabulum. The caudal branches 
of the left and right sides fuse in the midline to 
form the pelvic symphysis. 
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Fig. 2-36. Left forepaw, palmar view. I-V = metacarpals, 

1-5 = digits. 1 radius, 2 intermedioradial carpal bone (sca- 
pholunatum), 3 radial sesamoid, 4 proximal phalanx of sec- 

ond digit, 5 middle phalanx of second digit, 6 distal pha- 

lanx of second digit, 7 flexor tubercle, 8 distal sesamoid, 9 
proximal sesamoid, 10 accessory carpal bone (pisiform), 1 1 

ulnar carpal bone (triquetrum), 12 ulna. 

The pubic bone forms the cranial and medial 
borders of the obturator foramen, foramen obtura- 

tum. 
The ischium, os ischii, forms the caudal part of 

the os coxa, and consists of a body and a ramus. It 

forms the caudal and lateral borders of the obtu- 
rator foramen. The body of the ischium, corpus ossis 

ischit, fuses with the ilium, acetabular bone and pu- 
bis at the acetabulum. It has a low ischiatic spine, 
spina ischiadica, and caudal to that a lesser ischiatic 
notch, incisura ischiadica minor, for the tendon of 

the internal obturator muscle. The caudal, flattened 
part of the ischium forms the tabula, tabula ossis 

ischit. The latter bears the ischial tuberosity, tuber 

ischiadicum, for the attachment of the caudal thigh 
muscles. The ischial ramus, ramus ossis ischii, pro- 
jects ventromedially from the caudal part of ischial 
body and fuses with the caudal branch of the pubic 

Fig. 2-37. Pelvis, oblique caudodorsal view. 1 auricular 

face, 2 sacral tuber, 3 major ischiadic incisure, 4 body of 

ilium, 5 ischiadic spine, 6 minor ischiadic notch, 7 obturator 

foramen, 8 ischial tuberosity, 9 ischial ramus, 10 caudal ra- 
mus of pubis, 11 cranial ramus of pubis, 12 iliopubic emi- 

nence, 13 acetabular fossa, 14 articular surface, 15 tubercle 
for the rectus femoris muscle, 16 gluteal line, 17 gluteal 
surfaces, 18 tuber coxae. 

bone..It does not, however, contribute to the for- 

mation of the pelvic symphysis. The left and right 
ischial rami collectively form the ischial arch, arcus 

ischiadicus. The angle of the ischial arch of the male 
pelvis is more acute than that of the female pelvis. 

The ilium, os ilium, forms the cranial part of the 

pelvis and articulates with the wing of the sacrum. 
It consists of a body and a wing. 

The body, corpus ossis ilii, fuses with the pubis, 
ischium and acetabular bone. It bears a large tu- 
bercle dorsocranial to the acetabulum for the at- 
tachment of the rectus femoris muscle and a small 
tubercle along its ventral border for the minor pso- 
as muscle. 

The wing of the ilium, ala ossis ilii, is long, nar- 

row and concave. A longitudinal ridge, the gluteal 
line, linea glutea, divides the lateral or gluteal sur- 

face, facies glutea, into dorsal and ventral gluteal 

surfaces. Cranially, the gluteal line turns laterally to 

end on the prominent tuber coxae, tuber coxae. The 

dorsal border of the wing bears a small sacral tuber, 
tuber sacrale. Caudal to the sacral tuber the dorsal 
border of the ilium is concave to form the major 
ischiadic incisure, incisura ischiadica major. The 
medial or pelvic surface has a long, narrow and 
roughened area, facies auricularis, for articulation 
with the sacrum. 

Pelvic Canal. The pelvic canal is the bony 
passageway through the pelvis. The pelvic inlet is 
bounded dorsally by the promontorium of the sa- 
crum, laterally by the wings of the ilium, and ven- 
trally by the pecten of the pubis. The pelvic inlet is 
large, oval and placed obliquely (the promontorium 
lies cranial to the symphysis). The pelvic canal is 
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Fig. 2-38. Left femur, cranial view and cranial, caudal and 

lateral views of the patella. 1 major trochanter, 2 neck, 3 

third trochanter, 4 shaft, 5 trochlea, 6 lateral epicondyle, 7 

lateral condyle, 8 patellar cartilage, 9 base of patella, 10 

articular surface of patella, 11 apex of patella, 12 medial 

condyle, 13 medial epicondyle, 14 minor trochanter, 15 

femoral head. 

formed laterally by the ischium, ventrally by the 
pubis, and dorsally by the sacrum and first three to 

four caudal vertebrae. The outlet of the pelvic canal 
is formed ventrally by the pubis, laterally by the 
ischiatic arch, and dorsally by the third or fourth 

caudal vertebra. 

Pelvic Limb. The bones of the pelvic limb are 
the femur, patella, tibia, fibula, tarsals, metatarsals 
and phalanges. 

The femur, os femoris (Figs. 2-38 and 2-39), is 
the bone of the thigh. It has a head and neck prox- 
imally, a body, and two condyles distally. The fe- 
mur articulates proximally with the pelvis and dis- 
tally with the tibia and patella. 

The rounded head, caput ossis femoris, connects 
to the body by a distinct neck, collum ossis femoris. 

Left femur, caudal view and fabellae. 1 head, 2 Fig. 2-39. 
fovea of the head, 3 neck, 4 minor trochanter, 5 articular 

facet for medial fabella, 6 medial fabella, 7 medial condyle, 

8 intercondylar fossa, 9 lateral condyle, 10 lateral fabella, 

11 articular facet for lateral fabella, 12 shaft, 13 third tro- 

chanter, 14 intertrochanteric fossa, 15 major trochanter. 

The head has a small, indented area, fovea capitis, 
for the attachment of its ligament. The proximal 
end of the body is flattened craniocaudally. Later- 
ally, it bears a large major trochanter, trochantor 
major, medially a smaller minor trochanter, tro- 
chantor minor, and a small third trochanter, tro- 
chanter tertius, just distal to the major trochanter. 
The caudal surface of the major trochanter has a 
deep fossa, fossa trochanterica. Distally the shaft 
widens to form the two femoral condyles, condylus 
medialis and condylus lateralis, and a trochlear 
groove, trochlea ossis femoris. The femoral condyles 

articulate with the condyles of the tibia and the 
patella rides in the trochlear groove. The two con- 
dyles are separated caudally and distally by a deep 
intercondylar fossa, fossa intercondylaris. Dorsocau- 
dal to each condyle is a small, rounded facet, facies 
articularis sesamoidea lateralis/medialis, for articu- 
lation with the sesamoid bones (fabellae) of the gas- 
trocnemius muscle. The epicondyles, epicondylus 
lateralis/medialis, lie dorsal to the condyles. They 
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Fig. 2-40. 
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Left tibia, lateral view and a, proximal end, b, distal end. 1 lateral condyle, 2 medial condyle, 3 articular facet 

for the head of the fibula, 4 intercondylar area, 5 shaft, 6 medial malleolus, 7 articular surface or cochlea, 8 distal end, 9 

cranial tibial margin, 10 tibial tuberosity. 

are separated cranially from each other by the 

trochlea, and caudally by the intercondylar fossa. 
The patella (Fig. 2-38) is the largest sesamoid 

bone in the body. It is oval in shape and curved to 
articulate with the trochlea of the femur. The base 
of the patella, basis patellae, faces proximally and 
bears a large patellar cartilage (the cartilage is al- 

most as large as the patella). The cartilage enlarges 
the articular surface and the area for the attachment 
of the quadriceps muscle. The apex of the patella, 
apex patellae, faces distally and is slightly pointed. 
The patellar ligament (the term for the distal ten- 

don of the quadriceps muscle) extends between the 
apex and the tibial tuberosity. 

The tibia (Fig 2.40) is a stout bone with two con- 

dyles, a body, and a cochlea. It articulates proxi- 

mally with the femur and distally with the tarsal 
bones. The tibia is almost the same length as the 
femur and is slightly curved. Its proximal end con- 

sists of lateral and medial condyles, condylus later- 
alis/medialis. The articular surfaces of the condyles 
are separated from each other by cranial, central, 
and caudal intercondylar areas, area intercondylaris 
cramalis/centralis/caudalis. The lateral condyle has a 

large, oval facet, facies articularis fibularis, for artic- 

ulation with the head of the fibula. 

The proximal part of the tibial shaft is triangular 
in transverse section, with a prominent cranial tib- 

ial margin, margo cranialis. Proximally, the cranial 
tibial margin ends in a small tibial tuberosity, tub- 

erositas tibiae. Distally the shaft widens to form a 
cochlea. The cochlea, cochlea tibiae, articulates with 

the talus. The medial border of the cochlea forms 

a small medial malleolus, malleolus medialis, while 

the lateral border has an articular facet for articu- 

lation with the fibula. 

The fibula (Fig. 2-41) is a long, slender bone lat- 
eral to the tibia. It consists of a head, caput fibulae, 
which articulates with the lateral condyle of the tib- 
ia, a body, corpus fibulae, and a malleolus, malleolus 
lateralis, that articulates with the cochlea of the tibia 

and the talus of the tarsus. 

The seven tarsal bones, ossa tarsi (Figs. 2-42 and 
2-43), in an adult animal are arranged in three 

rows. The proximal row of tarsal bones consists of 
the calcaneus and the talus. 

The talus is cuboidal and lies between the tibia 

and the central tarsal bone. It has a proximal troch- 
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Fig. 2-41. Left Fibula, caudal view. 1 articular facet, 2 

head, 3 shaft, 4 lateral malleolus, 5 articular facet. 

lea, trochlea tali, that articulates with the cochlea of 

the tibia, and two plantar articular facets for artic- 

ulation with the calcaneus and proximal tarsal ses- 

amoid bone. Distally it has a rounded facet for ar- 
ticulation with the central tarsal bone. 

The calcaneus is the largest of the tarsal bones 
and lies caudolaterally on the plantar aspect of the 
tarsus. It has a large, caudodorsally directed tuber, 
tuber calcanei, for the attachment of the extensor 
muscles of the ankle. In addition a medially direct- 
ed sustentaculum tali provides a gliding surface for 
the tendon of the deep digital flexor muscle. Dis- 
tally, the calcaneus has articular facets for the talus 
and fourth tarsal bone. 

The middle row of tarsal bones consists of the 
central tarsal bone, os tarsi centrale (os naviculare). 

It articulates proximally with the talus, medially 
with the first tarsal bone, laterally with the fourth 
tarsal bone, and distally with the first, second, and 

third tarsal bones. 

The distal row of tarsal bones consists of four 
bones, numbered from medial to lateral. 

The first tarsal bone, os tarsale I (os cuneiforme 

mediale), is elongated and forms the greater part of 
the medial border of the tarsus. It articulates prox- 
imally with the central tarsal bone, medially with 

the second tarsal bone, and distally with the first 
metatarsal bone. 

The second tarsal bone, os tarsale II (os cuneifor- 
me intermedium), is small and cuboidal in shape. It 

articulates proximally with the central tarsal bone, 
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Fig. 2-42. Hind paw, dorsal view. I-V = metatarsals, 1-5 
= digits. 1 calcaneal tuber, 2 trochlea of the talus, 3 talus, 

A central tarsal bone (navicular), 5 fourth tarsal bone (cu- 

boideum), 6 third tarsal bone (lateral cuneiform), 7 fifth 

metatarsal, 8 proximal phalanx of fifth digit, 9 middle pha- 

lanx of fifth digit, 10 distal phalanx of fifth digit, 11 ungui- 
cular process, 12 first tarsal bone (medial cuneiform), 13 

second tarsal bone (intermediate cuneiform), 14 distal tarsal 

sesamoid, 15 proximal tarsal sesamoid, 16 sustentaculum 

tali, 17 calcaneus. 

medially with the first tarsal bone, laterally with the 
third tarsal bone, and distally with the second 

metatarsal bone. 
The third tarsal bone, os tarsale III (os cuneiforme 

laterale), is cuboidal in shape and slightly larger 
than the second tarsal bone. It articulates proxi- 
mally with the central tarsal bone, medially with the 
second tarsal and second metatarsal bones, laterally 

with the fourth tarsal bone, and distally with the 

third metatarsal bone. 
The fourth tarsal bone, os tarsale IV (os cuboi- 

deum), is cuboidal in shape and is the largest of the 
distal row of tarsal bones. It articulates proximally 
with the calcaneus, medially with the central and 

third tarsal bones, and distally with the fourth and 

fifth metatarsal bones. 
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Fig. 2-43. Hind paw, plantar view. I-V = metatarsals, 1- 

5 = digits. 1 talus, 2 proximal tarsal sesamoid, 3 central 

tarsal (navicular), 4 distal tarsal sesamoid, 5 second tarsal 

bone (intermediate cuneiform), 6 first tarsal bone (medial 

cuneiform), 7 flexor tubercle, 8 distal sesamoid, 9 middle 

phalanx of fifth digit, 10 proximal phalanx of fifth digit, 11 

proximal sesamoid, 12 fifth metatarsal, 13 fourth tarsal cu- 

boideum), 14 third tarsal bone (lateral cuneiform), 15 cal- 

caneus, 16 calcaneal tuber. 

The metatarsal and digital bones, ossa metatar- 

salia 1-V and ossa digitorum pedis (Fig. 2.42), are 

similar to those of the thoracic limb, except that 

the first metatarsal and first digit of the hind foot 
are well developed. All the metacarpal and meta- 

tarsal bones have distal epiphyseal growth lines, ex- 

cept for the first metatarsal, in which the growth 
line is proximal. 

Sesamoid Bones of the Pelvic Limb. There 
are four sesamoid bones in the pelvic limb. Two of 
these, the lateral and medial fabellae, ossa sesamo- 

idea m. gastrocnemii (Fig. 2-39), are located caudal 

to the knee in the tendons of origin of the gastroc- 

nemius muscle. They are cuboidal and articulate 
with the condyles of the femur. 

The third sesamoid, os sesamoideum m. poplitei, 

is located in the tendon of origin of the popliteal 
muscle. It is small, oval in shape, and articulates 

with the lateral condyle of the tibia. The fourth ses- 
amoid bone lies in the cranial part of the medial 

meniscus of the knee. It is wedge-shaped and artic- 

ulates with the medial condyles of the femur and 

the tibia. It is larger than the other sesamoid bones 
of the knee. 

There are two sesamoid bones on the medial as- 
pect of the tarsus (Figs. 2-42 and 2-43). The prox- 
imal tarsal sesamoid bone lies on the medial aspect 

of the talus. It is about 5 mm in diameter and ar- 

ticulates medially with the talus and distally with 

the first tarsal bone. The distal tarsal sesamoid bone 
lies on the medial aspect of the first tarsal bone. It 

is slightly elongated and is 5 mm long and 2 mm 

wide. 

The sesamoid bones of the digits are similar to 

those of the thoracic limb. Each metatarso-phalan- 

geal joint has two proximal plantar sesamoid bones, 

and each distal interphalangeal joint has one distal 

plantar sesamoid bone. 



Chapter 3. 

Joints are formed when two or more bones are 

united by fibrous, elastic, or cartilaginous tissue. 
Ligaments attach bone to bone, spanning at least 

one joint. Three main groups of joints are recog- 

nized and named according to their most charac- 

teristic structural features. These are fibrous joints, 
cartilaginous joints, and synovial joints. Synovial 

joints of the limbs permit the greatest degree of 
movement. They have a joint cavity, a joint capsule 

and articular surfaces covered by articular cartilage. 
The joint cavity is filled with synovial fluid. The 
fibrous portion of a joint capsule may thicken in 
specific areas to form ligaments. A meniscus is a 

complete or partial fibrocartilagenous plate which 
divides a joint cavity into proximal and distal com- 
partments. 

SKULL 

The temporomandibular joint, art. temporoman- 

dibularis, for jaw articulation is between the tem- 

poral bone and the mandible. The joint is incon- 

gruent and allows for considerable sliding 
movement. A thin articular disc, discus articularis, 
lies between the two bones and aids movement. 
The disc is thickest caudally and thinnest centrally. 
It divides the temporomandibular joint into two 
separate compartments, one proximal and one dis- 

tal. The lateral edge of the disc is firmly attached 
to the mandible. 

The mandibular symphysis, art. intermandibular- 
is, unites the right and left mandibular bodies by 
fibrous connective tissue, forming a fibrous joint. 
The mandibular symphysis of the woodchuck al- 
lows for restricted movement. 

The bones of the skull are connected to each oth- 
er by fibrous connective tissue or cartilage to form 
sutures, suturae capitis. Sutures formed by fibrous 
connective tissue are syndesmoses, those formed by 
cartilage are synchondroses. Many of the joints os- 
sify as the animals age and cannot be identified. 
The sutures of the skull are named after the bones 
forming the suture. 

Joints of the Hyoid Apparatus. The tym- 
panohyoid articulates with the mastoid part of the 
temporal bone adjacent to the stylomastoid fora- 
men, forming the temporohyoid joint, art. tempo- 

rohyoidea. Distally the thyrohyoid articulates with 
the thyroid cartilage of the larynx. There are small 
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Joints and Ligaments 

synovial joints between all parts of the hyoid ap- 
paratus. 

VERTEBRAL COLUMN 

The atlanto-occipital joint, art. atlanto-occipitalis, 

is formed between the condyles of the occipital 

bone and corresponding concavities of the atlas. 

The dorsal atlanto-occipital membrane, membra- 

na atlanto-occipitalis dorsalis, extends between the 

cranial border of the dorsal arch of the atlas and 

the dorsal edge of the foramen magnum. Laterally 

it blends with the lateral atlanto-occipital ligaments. 
The ventral atlanto-occipital membrane, mem- 

brana atlanto-occipitalis ventralis, extends between 

the ventral border of the foramen magnum and the 
cranial border of the ventral arch of the atlas. It is 

attached to the apical ligament of the dens of the 
ax1s. 

The lateral atlanto-occipital ligament, lig. laterale, 

extends between the cranial border of the wing of 

the atlas and the paracondylar processes of the oc- 

cipital bone. Medially the ligament blends with the 

dorsal membrane of the atlanto-occipital joint. 

The atlantoaxial joint, art. atlantoaxialis, allows 

the head and atlas to rotate around a longitudinal 
axs. 

The dorsal atlantoaxial membrane, membrana at- 

lantoaxialis dorsalis, extends between the caudal 

border of the dorsal arch of the atlas and the cranial 

border of the neural arch of the axis. 
The dorsal atlantoaxial ligament, lig. atlantoaxiale 

dorsale, extends between the cranial point of the 

spinous process of the axis and the dorsal arch of 

the atlas. 
The apical ligament of the dens, lig. apicis dents, 

extends from the tip of the dens to the ventral bor- 

der of the foramen magnum. It is attached to the 
ventral atlanto-occipital membrane. 

The transverse atlantal ligament, lig. transversum 
atlantis, extends between the two sides of the ven- 

tral arch of the atlas. It crosses dorsal to the dens 

of the axis and serves to hold the dens against the 

ventral arch of the atlas. 
The supraspinous ligament, lig. supraspinale, ex- 

tends between the apices of consecutive spinous 

processes, from 2C to 7—8Cd. 

The ventral longitudinal ligament, lig. longitudi- 

nale ventrale, extends from the first cervical to the 
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third caudal vertebra. It lies on the ventral surfaces 
of the vertebral bodies, attaching one to the other. 

The dorsal longitudinal ligament, lig. longitudi- 
nale dorsale, extends from the axis to the first few 
caudal vertebrae. It lies on the dorsal surfaces of 
the vertebral bodies. In the cervical region it fuses 

with the duramater. 
The interspinous ligaments, ligg. interspinalia, 

connect adjacent spinous processes to each other. 
They are best developed in the caudal lumbar re- 

gion. 
The intertransverse ligaments, ligg. intertransver- 

saria, connect adjacent transverse processes of lum- 
bar vertebra. 

An intervertebral disc, discus intervertebralis, is 

interposed at every intervertebral space, except that 

between the atlas and axis. They unite the vertebral 
bodies of the adjacent vertebrae. The discs are 
thickest in the lumbar region and thinnest in cer- 

vical and caudal regions. Each disc consists of an 
outer laminated fibrous ring, anulus fibrosus, and a 
central, gelatinous nucleus, nucleus pulposus. The 

intervertebral discs are attached to the dorsal and 
ventral longitudinal ligaments. 

RIBS 

Each typical rib articulates with the vertebral col- 

umn by two synovial joints and with the sternum 

by one synovial joint. A costovertebral joint, art. 

costovertebralis, consists of an articulation between 
the head of the rib and the costal facets of the ver- 
tebral bodies, art. capitis costae, and an articulation 

between the tuberculum of the rib and the trans- 
verse process of the vertebra, art. costotransversaria. 

In the caudal thoracic region the two joints lie clos- 
er to each other. The last two pairs of ribs generally 
have only one articulation each. The costal carti- 

lages of the first seven ribs articulate with the ster- 

num by means of sternocostal joints, art. sternocos- 

tales. 

Costovertebral Ligaments. The ligament of 
the rib head, lig. capitis costae radiatum, is a small 
band of fibrous connective tissue that attaches the 
head of the rib to the lateral part of the interver- 
tebral disc. The last two capital ligaments attach to 
the vertebral bodies rather than to the interverte- 
bral discs. 

An intercapital ligament, lig. intercapitale, ex- 
tends between the dorsal aspects of the heads of 
one pair of ribs, attaching them to each other. It 

runs from the head of one rib dorsal to the dorsal 
part of the intervertebral disc, but ventral to the 

dorsal longitudinal ligament of the vertebral col- 
umn, to the head of the opposite rib. 

The ligament of the rib tubercle, lig. costotrans- 

versarium, attaches the tubercle of the rib to the 

transverse process of the corresponding vertebra. 

THORACIC LIMB 

Clavicular Joints. The clavicle articulates 
with the sternum at the sternoclavicular joint, and 

with the scapula at the scapuloclavicular joint. The 
sternoclavicular joint is a synovial joint, whereas 
the scapuloclavicular joint is fibrous. The sternal 
articular surface of the clavicle is round and the 
scapular articular surface is flattened craniocaudal- 
ly. 

Clavicular Ligaments. The sternoclavicular 
ligament attaches the clavicle to the sternum. It ex- 
tends from the ventral border of the articular sur- 
face of the clavicle to the cranial border of the ma- 

nubrium of the sternum. 

An acromioclavicular ligament attaches the clav- 

icle to the acromion. It extends from the lateral 

border of the articular surface of the clavicle to the 
distal end (hamate process) of the scapular acro- 
mion. 

The coracoclavicular ligament attaches the clav- 
icle to the coracoid process of the scapula. It ex- 
tends from the medial surface of the clavicle to the 
coracoid process. 

Shoulder Joint, art. humeri. The shoulder 

joint is a shallow ball and socket joint between the 
glenoid cavity of the scapula and the head of the 
humerus. It allows movement in any direction, but 

its main movements are flexion and extension. The 
depth of the glenoid cavity is somewhat enlarged 
by a cartilaginous lip, labrum glenoidale, around its 
periphery. There are no true ligaments around the 

shoulder joint. However, a thickening of the fibrous 
capsule is present in the medial wall of the joint 

capsule. It extends from the supraglenoid tubercle 
to the caudomedial aspect of the minor tuberositas 
of the humerus. Furthermore, the subscapular, in- 
fraspinatus and supraspinatus muscles act as sta- 

bilizers of the joint. 

Elbow Joint, art. cubiti. The elbow is a com- 

posite joint formed by the humeral condyle with 

the head of the radius and the trochlear notch of 

the ulna. Movement is restricted to flexion and ex- 

tension. 

Ligaments of the Elbow Joint. The lateral 
collateral ligament, lig. collaterale cubiti laterale, ex- 

tends from the lateral epicondyle of the humerus 
to the head of the radius. Its attachment to the 
radius lies 2-3 mm distal to the articular surface. 

The medial collateral ligament, lig. collaterale cu- 
biti mediale, extends from the medial condyle of the 
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humerus to the radial tuberosity and ulna. It atta- 

ches to the radius and ulna just proximal to the 

insertion of the biceps muscle. 

The olecranon ligament, lig. olecrani, extends 

from the medial condyle of the humerus to the me- 

dial aspect of the anconeal process. 

Radioulnar Joints. The radius and ulna form 

two joints, one proximal and one distal. The prox- 

imal radioulnar joint, art. radioulnaris proximalis, is 

formed between the articular circumference of the 

radial head and the radial incisure of the ulna. The 

joint is closely related to the elbow joint. It allows 

rotation (pronation and supination) of the manus. 
The two bones are held in position by two liga- 
ments. The distal radioulnar joint, art. radioulnaris 
distalis, is formed between the head of the ulna and 

the trochlea of the radius. 

Ligaments of the Radioulnar Joints. The 
lateral radioulnar ligament, lig. radioulnare laterale, 

extends from the lateral coronoid process of the 

ulna to the head of the radius. Its attachment to 

the radius is on the caudal rim of the articular fo- 

vea. 

The medial radioulnar ligament, lig. radioulnare 

mediale, extends from the medial coronoid process 

of the ulna to the head of the radius. Its attachment 

to the radius is 2 mm distal to the medial border 

of the articular fovea (between the head and neck 

of the radius). 

A distal radioulnar joint is formed between the 

ulnar notch of the radius and the styloid process of 
the ulna. A delicate interosseus membrane, mem- 

brana interossea antebrahii, attaches the two bones 

to each other. 

The interosseus ligament of the antebrachium, 

lig. interosseum antebrachii, extends between the 
shaft of the radius and the shaft of the ulna. The 

ligament is approximately 1 cm wide and lies in the 
middle of the antebrachium. 

Carpal Joint, art. carpi. The carpal joint in- 
cludes proximal, middle, distal and intercarpal joint 

surfaces. The antebrachiocarpal joint, art. antebra- 

chiocarpea, is located between the distal part of the 
radius and ulna and the proximal row of carpal 

bones. The middle (inter) carpal joints, art. inter- 

carpeae, are located between the three rows of car- 

pal bones. The carpometacarpal joints, art. carpo- 

metacarpeae, are located between the distal row of 

carpal bones and the metacarpal bones. Joints be- 

tween the individual carpal bones constitute the in- 

tercarpal joints. The carpus as a whole permits flex- 
ion and extension. 

Ligaments of the Carpal Joints. The indi- 
vidual carpal bones are attached to each other by 
short intercarpal ligaments. These can be dorsal, 

ligg. intercarpea dorsalia, palmar, ligg. intercarpea 
palmaria, or between the individual carpal bones, 
lig. intercarpea interossea. 

The medial carpal collateral ligament, lig. colla- 
terale carpi mediale, extends from the styloid pro- 
cess of the radius to the medial surface of the in- 
termedioradial carpal bone. It also attaches to a 
sesamoid bone in the carpal pad. 

The lateral carpal collateral ligament, lig. colla- 
terale carpi laterale, extends from the styloid process 
of the ulna to the ulnar and accessory carpal bones. 

Long collateral ligaments that extend from the 
radius/ulna to the metacarpal bones are absent. 

Short ligaments attach the accessory carpal bone 
to the ulna, ulnar carpal, intermedioradial, fifth 

carpal and fifth metacarpal bones. These are the 
ligg. accessorioulnare, accessoriocarpoulnare and ac- 
cessoriometacarpeum. 

The palmar carpal ligament extends between the 
caudal surface of the radius and ulna proximally, 
and the palmar surfaces of the metacarpal bones 
distally. It attaches to all the individual carpal and 
metacarpal bones and represents the fused palmar 
ligaments of the carpus. The palmar ligament serves 
as a gliding surface for the tendons of the digital 
flexor muscles and supports the carpus when it 
bears weight. 

A band of fibrocartilage extends between the free 
ends of the accessory carpal bone and the sesamoid 
bone of the carpal pad. Together with the palmar 
ligament it forms a fibro-osseus carpal canal, canalis 
carpi, on the palmar surface of the carpus for the 
flexor tendons, blood vessels, and nerves. 

Metacarpal Joints and Ligaments. There 

are three groups of metacarpal joints. These are the 
carpometacarpal joints of the carpus, the interme- 
tacarpal joints, and metacarpophalangeal joints. 

The intermetacarpal joints, art. intermetacarpeae, 

are close-fitting joints between the proximal ends 
of adjacent metacarpal bones. The bones are united 
for variable distances by interosseus metacarpal lig- 
aments, ligg. metacarpea interossea. 

The metacarpophalangeal joints, art. metacarpo- 

phalangeae, are formed by the distal ends of the 
metacarpal bones and the proximal ends of the 
proximal phalanges, as well as the proximal palmar 
sesamoid bones of each joint. Each metacarpopha- 
langeal joint has axial and abaxial collateral liga- 

ments, ligg. collateralia, which unite the metacarpal 

bone and proximal phalanx. 

Ligaments of the Proximal Sesamoid 
Bones. Each pair of proximal sesamoid bones is 
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attached to their specific metacarpal bone and 
proximal phalanx by axial and abaxial collateral lig- 
aments, ligg. sesamoidea collateralia. 

Each pair of proximal palmar sesamoid bones is 
joined together by an intersesamoidean or palmar 

ligament, ligg. palmaria. 
Phalangosesamoidean ligaments, ligg. phalango- 

sesamoidea, extend from the proximal sesamoid 

bones to the proximal ends of the proximal pha- 

langes. 

Ligaments of Phalangeal Joints. The prox- 
imal interphalangeal joints, art. interphalangeae 

proximales, are formed by the heads of the proximal 
phalanges and the bases of the middle phalanges. 

The bones of each joint are attached to each other 
by axial and abaxial collateral ligaments, ligg. col- 
lateralia. The distal interphalangeal joints, art. in- 

terphalangeae distales, are formed by the heads of 
the middle phalanges and the distal phalanges, as 
well as the distal palmar sesamoid bones. The bones 
of each joint are attached to each other by axial and 
abaxial collateral ligaments, ligg. collateralia. 

PELVIC LIMB 

In young animals the left and right os coxae are 
united midventrally by cartilage to form the pelvic 

symphysis, symphysis pelvina. The symphysis ossi- 

fies in the adult. 
The sacroiliac joint, art. sacroiliaca, connects the 

opposed auricular surfaces of the sacrum and the 
wing of the ilium are to each other by fibrocartilage, 

forming a fibrocartilagenous joint. 
The dorsal sacroiliac ligaments, ligg. sacroiliaca 

dorsalia, extend from the caudodorsal surfaces of 
the ilia to the sacrum. The ligaments cover the cau- 

dodorsal surfaces of the sacroiliac joints. 

Ventral sacroiliac ligaments, ligg. sacroiliaca ven- 

tralia, extend from the ventral surface of the sacrum 
to the ilia. They cover the ventral surfaces of the 
sacroiliac joints. 

The hip joint, art. coxae, is formed between the 

head of the femur and the acetabulum of the pelvis. 

Although flexion and extension are the main move- 
ments of the joint, its construction allows for a 
wide range of movement. A cartilaginous lip, la- 

brum acetabulare, deepens the acetabulum. The lip 
spans the acetabular notch as a transverse ligament, 
lig. transversum acetabuli. The lip is thickest dor- 
sally, and thinnest cranioventrally. 

The ligament of the femoral head, lig. capitis ossis 
femoris, holds the head of the femur in the acetab- 

ulum. It extends from the fovea of the head of the 
femur to the acetabular fossa. 

The knee joint, art. genus, formed by the round- 
ed condyles of the femur, the flattened condyles of 
the tibia, and the patella. In addition to these, a 

small triangular bone is present cranially between 
the medial condyles of the femur and tibia. It rep-_ 
resents the ossified cranial part of the medial me- 
niscus. Two menisci are present in the knee joint. 

They divide the femorotibial joint into proximal 
and distal compartments. A large pad of adipose 
tissue is present between the patellar ligament and 
the femoropatellar joint. 

The menisci are semilunar fibrocartilaginous discs 

situated between the condyles of the femur and the 
tibia. The medial meniscus, meniscus medialis, lies be- 

tween the medial condyle of the femur and the medial 
condyle of the tibia. The lateral meniscus, meniscus 

lateralis, lies between the lateral condyle of the femur 
and the lateral condyle of the tibia. They have sharp, 

thin, concave axial borders, and thick, convex abaxial 

borders. The medial meniscus is larger and thicker 

than the lateral meniscus. Its cranial part is ossified 

and forms a triangular bone that articulates with both 
the femur and tibia. Both menisci are attached to the 
tibia along their cranial and caudal borders by men- 
iscotibial ligaments. The medial meniscus is attached 
to the medial collateral ligament, while the tendon of 

origin of the popliteus muscle lies between the lateral 
meniscus and the lateral collateral ligament. The lat- 
eral meniscus is also attached to the femur by means 
of a meniscofemoral ligament, lig. meniscofemorale. 

The femoropatellar joint, art. femoropatellaris, is 

formed between the patella and the trochlea of the 

femur. It communicates with the femorotibial joint. 

The patella has two ligaments attaching it to the 

femur and one ligament attaching it to the tibia. 
The lateral femoropatellar ligament, lig. femoro- 

patellare laterale, extends between the patella and 
the femur. It consists of a broad band of connective 
tissue between the lateral border of the patella and 

the lateral epicondyle of the femur. 

The medial femoropatellar ligament, lig. femo- 
ropatellare mediale, consists of a broad band of con- 

nective tissue which extends from the medial bor- 
der of the patella to the medial epicondyle of the 
femur. 

The patellar ligament, lig. patellare, extends be- 

tween the patella and the tibia. Proximally it atta- 
ches to the apex of the patella and distally it atta- 
ches to the tibial tuberosity and cranial tibial 
margin (the patellar ligament is homologous to the 
distal tendon of the quadriceps femoris muscle). 

The femorotibial joint, art. femorotibialis, con- 
sists of medial and compartments that communi- 
cate with each other and with the femoropatellar 

joint. Each compartment is formed between a fem- 
oral condyle and its corresponding tibial condyle. 

The lateral collateral ligament, lig. collateralis la- 
terale, extends from the lateral epicondyle of the 

femur to the head of the fibula. It lies caudal to the 
tendon of origin of the long digital extensor muscle 



Chapter 3—Joints and Ligaments 43 

and is separated from the lateral meniscus by the 

tendon of origin of the popliteus muscle. 

The medial collateral ligament, lig. collaterale me- 
diale, The extends from the medial epicondyle of 

the femur to the medial aspect of the shaft of the 
tibia, 1.5 cm distal to the tibial condyle. 

The cranial cruciate ligament, lig. cruciatum cran- 

iale, extends between the caudomedial part of the 
lateral condyle (in the intercondylar fossa) of the 

femur and the cranial intercondylar area of the tib- 

ia. Its attachment to the tibia lies caudal to the cra- 
nial attachment of the lateral meniscus. 

The caudal cruciate ligament, lig. cruciatum cau- 

dale, extends between the cranial border of the in- 

tercondylar fossa of the femur and the medial edge 

of the popliteal notch of the tibia. 
The cranial meniscotibial ligament of the medial 

meniscus extends from cranial, ossified part of the 

meniscus to the cranial intercondylar area of the 

tibia. It is the most cranial of all the ligaments that 
attach to the intercondylar area. The caudal men- 

iscotibial ligament attaches the caudal edge of the 

medial meniscus to the cranial edge of the popliteal 

notch of the tibia (between the lateral and medial 

condyles). 

The cranial tibial ligament of the lateral meniscus 
attaches the cranial border of the meniscus to the 
intercondylar area of the tibia, immediately caudal 
to the attachment of the cranial tibial ligament of 
the medial meniscus. The caudal tibial ligament of 

the lateral meniscus attaches the caudal edge of the 

lateral meniscus to the caudolateral edge of the 
popliteal notch. The ligament is poorly developed 

and is the weakest of all the meniscal ligaments. 

Additionally, the caudal edge of the lateral menis- 
cus is attached to the intercondylar fossa (on the 

medial condyle) of the femur by the femoromen- 

iscal ligament, lig. meniscofemorale. 

The fibula articulates with the tibia at each end, 

forming proximal and distal tibiofibular joints. 

The proximal tibiofibular joint, art. tibiofibularis 

proximalis, is formed between the head of the fibula 

and the lateral condyle of the tibia. The two bones 

attach to each other by means of the lateral collat- 
eral ligament of the knee. 

The distal tibiofibular joint, art. tibiofibularis dis- 

talis, is formed between the malleolus of the fibula 
and the distal lateral surface of the tibia. The two 
bones are attached to each other by cranial and 
caudal tibiofibular ligaments, lig. tibiofibulare cran- 
iale and lig. tibiofibulare caudale, respectively. 

A distal crural interosseus ligament, lig. interos- 
seus cruris, attaches the fibula to the tibia. It is about 

2 mm wide and lies 1 cm proximal to the malleolus 

of the fibula. The interosseus membrane, membra- 

na interossea cruris, spans the space between the two 

bones. It extends from the proximal to the distal 
tibiofibular joints. 

The tarsal joints, art. tarsi, include the talocrural, 
proximal intertarsal, distal intertarsal and tarso- 
metatarsal joints. 

The tarsocrural joint, art. tarsocruralis, is formed 
between the cochlea of the tibia, the fibula, and the 

trochlea of the talus. It permits the greatest degree 
of movement in the tarsus. 

The proximal intertarsal joint, art. talocalcaneo- 
centralis, is formed between the talus and calcaneus, 
and between the talus and central tarsal bone. Some 
rotation, as well as flexion and extension, is possible 
as the rounded, distal end of the talus fits into the 

glenoid articular surface of the central tarsal bone. 
The distal intertarsal joint, art. centrodistalis, is 

formed by the calcaneus and central tarsal bone 

proximally and the distal row of tarsal bones. They 

are stable joints that allow a minimum amount of 
movement. The tarsometatarsal joints, art. tarso- 

metatarseae, are formed between the distal row of 
tarsal bones and the proximal ends of the metatar- 

sal bones. The articular surfaces allow a minimum 
amount of movement. 

The lateral collateral ligament, lig. collateralis tar- 
st laterale, consists of a poorly developed sheet of 
connective tissue that extends from the malleolus 

of the fibula to the proximal end of the fifth meta- 
tarsal bone. The deep part of the ligament, lig. col- 
lateralis laterale breve, attaches to the tarsal bones 
which it crosses. One short ligament, the calcaneo- 

fibular ligament, pars calcaneofibularis, extends be- 
tween the malleolus of the fibula and the tuber cal- 
cis. The ligament prevents excessive flexion of the 
tibiotarsal joint. 

The medial collateral ligament, lig. collateralis 
tarsi mediale, is well developed and extends between 
the malleolus of the tibia and the proximal end of 
the first metatarsal bone. The deep part of the lig- 
ament, lig. collateralis mediale breve, attaches to the 

tarsal bones which it crosses. 
The plantar talofibular ligament, lig. talofibulare 

plantare, is a short, well developed ligament which 

extends from the malleolus of the fibula to the lat- 

eral aspect of the talus. 
The plantar tibiotalar ligament, lig. tibiotalare 

plantare, extends between the malleolus of the tibia 

and the medial border of the talus. 
The medial talocalcanean ligament, lig. talocal- 

caneum mediale, extends from the dorsal edge of 

the sustentaculum tali to the caudodorsal border of 
the trochlea of the talus. 

The calcaneoquartal ligament, lig. calcaneoquar- 
tale, lies on the plantar surface of the tarsus and 
extends between the distomedial border of the cal- 
caneus and the fourth tarsal bone. 

Apart from the above mentioned ligaments, the 
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various tarsal bones are attached to each other by 

dorsal and plantar intertarsal ligaments, ligg. tarsi 
dorsalia and ligg. tarsi plantaria. They extend from 
one tarsal bone to another. The distal row of tarsal 
bones is attached to the proximal ends of the meta- 

tarsal bones by dorsal and plantar tarsometatarsal 
ligaments. 

The metatarsal and phalangeal joints and liga- 

ments are similar to comparable joints and liga- 
ments of the forepaw. 



Chapter 4. Muscular System 

Bryant (1945) studied the phylogeny of Neartic 
Sciuridae, making reference to the muscular system 
of the yellow-bellied marmot, M. flaviventris. Alter- 
nate terms used by him, and other authors, are cit-: 
ed in the text where they differ from that of the 
Nomina Anatomica Veterinaria (1994). 

HEAD 

The muscles of the head are grouped on the basis 
of their embryonic origin and innervation. They 
are: the facial muscles innervated by the facial 
nerve; the masticatory muscles innervated by the 
mandibular division of the trigeminal nerve; the 

tongue muscles innervated by the hypoglossal 
nerve; the pharyngeal muscles innervated by the 
glossopharyngeal and vagus nerves; the laryngeal 
muscles innervated by the vagus nerve; and the eye 
muscles innervated by the oculomotor, trochlear 

and abducent nerves. 

Cutaneous Muscles of the Head. The head 
has two cutaneous muscles that form part of the 
superficial musculature of the head. These muscles 
and their derivatives in the European marmot 

(Marmota marmota) were studied in detail by Mei- 

nertz (1943) and are the same in the woodchuck. 

The platysma, platysma (Figs. 4-1 and 4-2), is a 
large, well-developed cutaneous muscle of the head 

and neck. It consists of facial and cervical parts. The 

facial part, m. cutaneus faciei, (dorsal division of 
platysma of Bryant, 1945) extends from the super- 
ficial fascia of the neck, and the lateral aspect of the 

shoulder, arm and antebrachium, to the face. It 

consists of a superficial layer that takes origin from 

the lateral aspect of the neck, shoulder, and thoracic 

limb and a deep layer that takes origin from the 

craniodorsal cervical region. The thick, dorsal bor- 
der of the superficial layer passes ventrolaterally and 
curves around the base of the ear to insert in the 
fascia of the skin ventral to the medial canthus of 
the eye, and the lateral aspect of the nose, upper 
lip and the angle of the mouth. The deep layer pass- 

es ventrolaterally around the base of the ear where 
its fibers blend with those of the superficial part. 
The cervical part, m. colli ventralis, (ventral division 

of the platysma of Bryant) is a very extensive, fan- 
shaped muscle, forming the ventral border of the 
neck. It is the most superficial muscle along the 
ventral neck region. 
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Origin: From the first four sternebrae. 
Insertion: On the fascia over the masseter mus- 

cle, from the ear to the upper lip. It blends ventrally 
with the acromiomandibular muscle to insert on 

the angle of the mouth, lower lip and the chin. 
Action: Retracts the angle of the mouth, the lat- 

eral nasal region, and the area below the eye. 
Innervation: N. facialis. 
The superficial sphincter of the neck, m. sphincter 

colli superficialis, consists of dorsal and ventral 

parts. The dorsal part takes origin from the fascia 
ventral to the eye. It passes superficial to the pla- 

tysma and inserts on the lateral aspect of the ac- 
romiomandibular muscle. The isolated fibers of the 
ventral part pass transversely over the inter-man- 

dibular and the laryngeal areas. 
Innervation: N. facialis. 
The muscles of the face are derived from the pla- 

tysma. They include the muscles of the lips and 
cheek, nose, eyelids and ear. 

Muscles of the Lip, Nose and Cheek. The 
levator of the nose and upper lip, m. levator naso- 

labialis (Fig. 4-3; nasolabialis of Bryant, 1945), takes 
origin from the dorsum of the nose and inserts on 

the fascia of the upper lip and nostril. It elevates 
and retracts the upper lip. 

Innervation: N. facialis. 
The zygomatic muscle, m. zygomaticus (auricu- 

lolabialis of Bryant, 1945), is a thin, strap like mus- 
cle that takes origin from the temporal fascia, cau- 
dalateral to the lateral canthus of the eye, and 

inserts on the fascia at the angle of the mouth. It 

retracts and elevates the angle of the mouth. 

Innervation: N. facialis. 
The orbicularis oris muscle, m. orbicularis oris, 

forms a muscular ring around the mouth within 
the lips. It can be divided into a maxillary part that 

lies in the upper lip and a mandibular part that lies 

within the lower lip. The muscle covers the large 
scent gland associated with the angle of the mouth. 

Innervation: N. facialis. 
The buccinator muscle, m. buccinator (Fig. 4-3), 

forms a muscular sheet in the cheek, caudal to the 
orbicularis oris muscle. It is a complex muscle con- 
sisting of buccal and molar parts. The buccal part 

blends with the m. orbicularis oris. 
Innervation: N. facialis. 
The dilator of the nose, m. dilatator naris apicalis 
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Fig. 4-1. Muscles of the trunk, dorsal view. 1 temporal gland, 2 superficial cervicoauricular m., 3 middle cervicoauricular 
m., 4 parietoauricular m., 5 cervical trapezius m., 6 platysma (cutaneus muscle of the face), 7 cutaneus m. of the trunk, 

8 dorso-medial sacrocaudal m., 9 external anal sphincter, 10 anal sac, 11 semimembranous m., 12 semitendinous m., 13 

lateral digital flexor m., 14 gastrocnemius m. (lateral head), 15 biceps femoris m., 16 caudofemoral m., 16a middle gluteal 

m., 17 superficial gluteal m., 18 tensor fascia lata m., 19 subiliac lymph nodes, 20 thoracolumbar fascia, 21 external 
oblique abdominal m., 22 internal oblique abdominal m., 23 serratus ventralis m., 24 cutaneus trunci m., 25 trapezius 

m., 26 latissimus dorsi m., 27 long head of the triceps brachii m., 28 lateral head of the triceps brachii m., 29 scapular 

part of the deltoid m., 30 acromial part of the deltoid m., 31 temporalis m. 
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Fig. 4-2. Muscles of the trunk, ventral view. 1 orbicularis oris m., 2 cutaneus colli m., 3 clavicle, 4 cleidobrachialis m., 

5 descending pectoral m., 6 transverse pectoral m., 7 cutaneus trunci m., 8 deep pectoral m., 9 external oblique abdominal 

m., 10 tensor fasciae latae m., 11 medial vastus m., 12 long adductor m., 13 short adductor m., 14 gracilis m., 15 
semimembranosus m., 16 semitendinosus m., 17 cranial tibial m., 18 external anal sphincter m., 19 prepuce and penis, 

20 testicle, 21 transverse abdominal m., 22 continuation of the linguofacial vein, 23 platysma, 24 connection between 

the linguofacial and maxillary veins, 25 maxillary vein, 26 acromiomandibular m. 
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Fig. 4-3. Head and neck, left lateral view. 1 cervical trapezius m., 2 sternocephalic m., 3 cleidocephalic m. (combined 

mastoid and occipital parts), 4 cutaneus colli m., 5 masseter m., 6 digastric m. (rostral belly, cutaneus colli removed), 7 

orbicularis oris m., 8 buccinator m., 9 levator nasolabialis m., 10 orbicularis oculi m. 

(maxillonasalis of Bryant, 1945), takes origin from 

the fascia of the masseter muscle ventral to the me- 

dial canthus of the eye. It has a long, flat tendon 
of insertion that passes to the dorsum of the nose 
where it inserts, in common with the muscle from 

the opposite side, into the fascia in the apex of the 

nose. It lies deep to the levator naso-labialis muscle. 

Innervation: N. facialis. 

The frontal muscle, m. frontalis (preauricularis of 
Bryant, 1945), is a small muscle that takes origin 

from the supraorbital margin and fans out laterally 
to insert on the fascia deep to the temporal cuta- 

neous glands. The latter is situated between the lat- 
eral canthus of the eye and the ear. 

Innervation: N. facialis. 

Muscles of the Eyelids. The orbicularis oculi 
muscle, m. orbicularis oculi, is a thin muscle that 

surrounds the eye. It lies within the eyelids and can 
be divided into superior (upper) and inferior (low- 

er) parts. It serves to close the eyelids. 
Innervation: N. facialis. 

The malar muscle, m. malaris, is a thin muscular 

sheet that extends from the lower eyelid into the 
fascia below the eye. It pulls the lower eyelid ven- 
trally. 

Innervation: N. facialis. 
The retractor of the lateral angle of the eye, m. 

retractor anguli oculi lateralis (Bryant, 1945, consid- 

ers this muscle part of the orbicularis oculi), is a 

flat muscle band that extends caudoventrally from 

the lateral canthus of the eye to the temporal fascia 
and the zygomatic arch. It retracts the lateral can- 
thus of the eye. 

Innervation: N. facialis. 
The levator of the upper eyelid, m. levator pal- 

pebrae superioris (Bryant, 1945 considers this mus- 
cle part of the orbicularis oculi), is a thin sheet of 

muscle which lies superficial to the dorsal straight 

muscle of the eye. It takes origin from the same 
area as the dorsal straight muscle and inserts on the 

fascia of the upper eyelid. 
Innervation: N. oculomotorius. 

The levator of the medial angle of the eye, m. 
levator anguli oculi medialis (Bryant, 1945 considers 

the muscle part of the oribicularis oculi), is a fan 

shaped muscle that extends from the medial can- 
thus of the eye to the supraorbital region. 

Innervation: N. facialis. 

Muscles of the Ear. Meinertz (1943) made 

an extensive study of the muscles of the ear of Mar- 
mota marmota. Alternate terms used by him are 
cited in the text where they differ from that of the 
NAV. The muscles of the ear are grouped into ros- 

tral, ventral, caudal and dorsal ear muscles. All the 

muscles of the ear are innervated by the facial 
nerve. 

The rostral muscles of the ear, mm. auriculares 
rostrales, rotate the ear inwards, and are innervated 

by the rostral auricular branch of the facial nerve. 
The m. zygomaticoauricularis (m. frontalis pars au- 
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ricularis of Meinertz, 1943) takes origin from the 
temporal fascia and zygomatic arch, and inserts on 
the distomedial part of the pinna. 

The m. scutuloauricularis superficialis (m. auric- 

ularis anterior superficialis of Meinertz, 1943) is the 

auricular part of the frontal muscle, and attaches to 
the mediodistal part of the pinna. 

The scutuloauricularis profundus (m. cervico-au- 
ricularis of Meinertz, 1943) extends from the deep 
face of the scutiform cartilage to the medial border 
of the pinna. It is the deepest of the inward rotators 
of the ear. 

The ventral muscles of the ear, mm. auriculares 
ventrales, are represented by the m. parotidoauri- 
cularis (pars oris m. sphincter colli profundus of Mei- 
nertz, 1943). This thin muscular slip takes origin 
from the ventrolateral part of the ear cartilage and 
inserts on the deep face of the sterno-mandibular 
muscle. It depresses the ear and is innervated by 
the ramus colli of the facial nerve. 

The caudal muscles of the ear, mm. auriculares 

caudales, rotate the ear outward and are innervated 

by the caudal auricular branch of the facial nerve. 
The cervicoauricularis superficialis (m. cervico-au- 

ricularis anterior medius of Meinertz, 1943) is a 

broad, flat muscle that takes origin from the me- 
dian raphe of the neck and inserts on the rostro- 
medial border of the ear cartilage. A large part of 
the muscle extends over the temporal muscle to the 
frontal region. 

The mm. cervicoauricularis medius (m. cervico-au- 

ricularis posterior medius of Meinertz, 1943) is a 
small muscle that lies deep to the superficial cer- 
vico-auricular muscle. It takes origin from the me- 
dian raphe of the neck and inserts on the caudo- 
lateral part of the ear cartilage. 

The m. cervicoauricularis profundus (m. cervico- 
auricularis posterior profundus of Meinertz, 1943) 
takes origin from the temporal fascia caudal to the 
ear and insert on the caudomedial aspect of the ear 
cartilage. 

The dorsal ear muscles, mm. auriculares dorsales, 
pull the pinna medially, and are innervated by the 
caudal and rostral auricular branches of the facial 
nerve. 

The m. interscutularis is a thin muscular strand 
that extends from one scutiform cartilage to the 

other. It is part of the frontal muscle and is inner- 
vated by the rostral auricular branch of the facial 
nerve. 

The m. parietoscutularis (m. cervico-occipitalis of 
Meinertz, 1943) extends from the parietal region to 

the scutiform cartilage, and is innervated by the 
caudal auricular branch of the facial nerve. 

The m. parietoauricularis (m. cervico-anterior pro- 

fundus of Meinertz, 1943) extends from the occip- 
ital and parietal regions to the pinna, and is inner- 

vated by the caudal auricular branch of the facial 
nerve. 

Apart from the above-mentioned muscles, a se- 

ries of short, intrinsic muscles (mm. auriculares) al- 

ter the shape and position of the ear cartilage and 
ear canal. 

Muscles of the Eye. The seven muscles of the 
eye are arranged in such a way that they can move 

or rotate the eyeball around three axes: an antero- 
posterior axis, a dorso-ventral axis, and a cranio- 

caudal axis. There are four straight muscles, two 

oblique muscles, and one retractor muscle. All of 

the muscles lie deep to the periorbita. 
The lateral straight muscle, m. rectus lateralis, lies 

along the lateral surface of the eyeball. 
Origin: Lateral to the optic canal. 
Insertion: Sclera on the lateral aspect of the eye- 

ball, just caudal to the limbus of the eye. 
Action: Rotates the eyeball laterally around a ver- 

tical axis through the equator of the eye. 
Innervation: N. abducens. 
The dorsal straight muscle, m. rectus dorsalis, lies 

along the dorsal border of the eyeball, deep to the 
levator of the upper eyelid. 

Origin: Dorsal to the optic canal. 
Insertion: Sclera on the dorsal aspect of the eye- 

ball, caudal to the limbus of the eye. 

Action: Rotate the eyeball dorsally around a hor- 
izontal axis through the equator of the eye. 

Innervation: N. oculomotorius. 
The medial straight muscle, m. rectus medialis, 

lies along the medial border of the eyeball, ventral 
to the dorsal oblique muscle of the eye. 

Origin: Rostral to the optic canal. 

Insertion: Sclera on the medial aspect of the eye, 

caudal to the limbus. 
Action: Rotates the eyeball medially around a 

vertical axis through the equator of the eye. 
Innervation: N. oculomotorius. 

The ventral straight muscle, m. rectus ventralis, 

lies along the ventral border of the eyeball. 
Origin: Rostroventral to the optic canal. 
Insertion: Sclera on the ventral aspect of the eye, 

caudal to the limbus. 
Action: Rotates the eyeball ventrally around a 

horizontal axis. 
Innervation: N. oculomotorius. 
The dorsal oblique muscle, m. obliquus dorsalis, 

lies along the medial border of the eyeball, dorsal 
to the medial straight muscle of the eye. Its tendon 
of insertion hooks around a small cartilaginous 
trochlea where it turns dorsolaterally to reach the 
dorsal aspect of the eyeball. 

Origin: Rostral to the optic canal. 
Insertion: On the sclera along the dorsal surface 

of the eyeball. 
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Action: Medial rotation of the eyeball around an 
axis through the poles of the eye. 

Innervation: N. trochlearis. 
The ventral oblique muscle, m. obliquus ventralis, 

lies transversely across the ventral aspect of the eye- 

ball. 
Origin: Lacrimal and palatine bones. 
Insertion: Sclera on the ventral aspect of the eye- 

ball. 
Action: Rotates the eyeball ventrally around an 

axis through the poles of the eye. 
Innervation: N. oculomotorius. 

The retractor of the bulb, m. retractor bulbi, is a 
cone shaped muscle consisting of four fascicles ar- 

ranged around the optic nerve. 
Origin: Deep to the rectus muscles around the 

optic canal. 

Insertion: On the sclera around the equator of 

the eyeball, caudal to the rectus muscles. 

Action: Retracts the eyeball. 

Innervation: N. abducens. 

Muscles of Mastication. The muscles of 
mastication consist of four muscles that adduct or 
close the jaw, and one muscle which abducts or 

opens the jaw. All the adductors of the jaw are in- 
nervated by branches of the mandibular division of 

the trigeminal nerve, whereas the abductor is in- 

nervated by branches of the mandibular and facial 

nerves. Thorington and Darrow (1996) reviewed 

and illustrated the jaw muscles of old world sciur- 

ids. They provided descriptions of the jaw muscles 
for twelve genera and discussed the functional sig- 
nificance of the differences. Stark and Wehrli 
(1935) described and illustrated the jaw muscles of 

M. marmota. 

The masseter muscle, m. masseter (Fig. 4-3), is 
large and powerful. It lies on the lateral aspect of 
the mandible, ventral to the zygomatic arch. Hill 

(1937), Bryant (1945) and Ryan (1989) describe 

five layers of the masseter muscle in the pocket go- 
pher (Geomyidae), in members of the Sciuridae, 
and in members of Heteromyidae, respectively. The 

masseter of the woodchuck is similar to that of oth- 
er rodents and the terminology used for the follow- 
ing description is based on that of Ryan (1989). 

The superficial masseter, m. masseter superficialis, 

fills the ventral half of the space between the zy- 
gomatic arch and ventral border of the mandible. 
Its rostral part covers the rostral part of the deep 
lateral masseter muscle, while the caudal part is in- 
timately fused to the caudal part of the deep lateral 
masseter muscle. 

Origin: By means of a narrow tendon from the 
facial tuberosity of the maxilla, ventrolateral to the 
infraorbital foramen. Its fibers run caudally and 
caudoventrally. 
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Insertion: On the lateral aspect of the angular 
process and on the ventral margin of the mandible. 

Action: Pulls the jaw forward. 

The lateral deep masseter muscle, rostral part, m. 

masseter lateralis profundus pars rostralis, fills the 
groove (zygomatic plate) between the zygomatic 
arch and the facial tuberosity. 

Origin: From the zygomatic plate and zygomatic 
arch of the maxilla. Its fibers pass caudoventrally. 

Insertion: Laterally on the body of the mandible, 
deep to the insertion of the superficial masseter 
muscle and along the rostral border of the masse- 
teric fossa. 

Action: Close the jaw and pull it forward. 
The lateral deep masseter muscle, caudal part, m. 

masseter lateralis profundus pars caudalis, is inti- 
mately fused at its origin to the superfical masseter 
muscle, making it almost impossible to separate the 
two muscles. 

Origin: From the zygomatic arch. Its fibers pass 
ventrocaudally. 

Insertion: In the masseteric fossa and on the lat- 
eral aspect of the angular process of the mandible. 

Action: Close the jaw. 

The medial masseter muscle, rostral part, m. 

masseter medialis pars rostralis, lies deep to the su- 
perficial masseter and rostral to the coronoid pro- 
cess of the mandible. 

Origin: From the rostromedial aspect of the zy- 

gomatic arch. 

Insertion: Masseteric fossa and rostral margin of 

the coronoid process. 

Action: Close the jaw. 

The medial masseter muscle, caudal part, m. 

masseter medialis pars caudalis, lies deep to the su- 
perficial masseter and caudal to the coronoid pro- 

cess of the mandible. 
Origin: From the caudomedial aspect of the zy- 

gomatic arch. 
Insertion: Caudal aspect of the coronoid process 

and the notch between the coronoid and condylar 
processes. 

Innervation: N. massetericus. 
The temporal muscle, m. temporalis (Figs. 4-1 

and 5b), is a large and powerful muscle in the tem- 

poral fossa of the skull. 

Origin: From the temporal line, nuchal crest and 

a small part from the zygomatic arch. 
Insertion: On the lateral and medial aspects of 

the coronoid process of the mandible. 

Action: Close the jaw. 
Innervation: Nn. temporales profundi. 
The medial pterygoid muscle, m. pterygoideus 

medialis (pterygoideus internus of Bryant, 1945), 
fills the pterygoid fossa on the medial surface of the 
ramus of the mandible. 

Origin: From the pterygoid crest and the ptery- 
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Fig. 4-4. Middle muscle layer of the ventral neck, ventral view. 1 mylohyoid m., 2 rostral belly of the digastric m., 3 — 

masseter m., 4 sternohyoid m., 5 sternocephalic m., 6 left clavicle, 7 fibrous intersection between the rostral and caudal 

bellies of the digastric m. 

goid process of the basisphenoid bone, and from 
the pterygoid bone. 

Insertion: On the fossa pterygoidea and on the 
medial aspect of the angular process of the man- 
dible. 

Action: Acting together they close the jaws, and 
acting unilaterally they close the jaws and pull the 
mandible to the contralateral side. 

Innervation: N. pterygoideus medialis. 
The lateral pterygoid muscle, m. pterygoideus la- 

teralis (pterygoideus externus of Bryant, 1945), lies 
medial to the condylar process of the mandible, and 
caudolateral to the medial pterygoid muscle. 

Origin: Wing and pterygoid crest of the basi- 
sphenoid bone, lateral to the origin of the medial 
pterygoid muscle. 

Insertion: On the articular meniscus and ventral 
to the articular surface on the medial aspect of the 
condylar process. 

Action: Protracts the jaw. 
Innervation: N. pterygoideus lateralis. 
The digastric muscle, m. digastricus, consists of 

two large bellies, one caudal and the other rostral. 

The caudal belly, venter caudalis (Fig. 4-5), lies lat- 

eral to the pharynx. It is a pear shaped muscle that 
extends between the paracondylar process of the 
occipital bone and the basihyoid bone. 

Origin: Paracondylar process. 
Insertion: The tendon of insertion divides into 

medial and lateral parts. The medial part inserts on 
the basihyoid bone and the lateral part joins the 
tendon of the rostral belly. 

Action: Together with the rostral belly they open 
the jaw and pull it caudally. 

Innervation: N. facialis. 
The rostral belly, venter rostralis (Fig. 4-4), lies in 

the intermandibular space, deep to the cutaneous 
muscle and superficial to the mylohyoid muscle. 
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The left and right muscles are in contact with each 
other in the midline. Muscle fibers from one mus- 
cle may cross the midline to join the muscle from 

the opposite side. 
Origin: Mandible, just caudal to the symphysis. 
Insertion: On the tendon of the caudal belly. 
Action: Together with the caudal belly it opens 

the jaw and pulls it caudally. 
Innervation: N. mylohyoideus. 

Muscles of the Tongue. Three extrinsic 
muscles and one intrinsic muscle are present in the 

tongue. 

The styloglossal muscle, m. styloglossus, is the 
most lateral of the tongue muscles. It extends ros- 
trally from the distal part of the stylohyoid bone 
into the tongue. 

Origin: Stylohyoid bone. 
Insertion: Tongue. 

Action: Draws the tongue caudally. 
Innervation: N. hypoglossus. 
The hyoglossal muscle, m. hyoglossus, lies medial 

to the styloglossal muscle. It extends rostrally from 
the thyrohyoid bone into the tongue. 

Origin: From the thyrohyoid bone. 

Insertion: Tongue. 

Action: Pulls the tongue down and caudally. 

Innervation: N. hypoglossus. 
The genioglossal muscle, m. genioglossus (Fig. 4- 

6), is the most medial of the tongue muscles. It 
radiates caudally from the symphysis and from the 

body of the mandible into the tongue. 
Origin: From the symphysis and body of the 

mandible. 
Insertion: Tongue. 

Action: Draws the tongue forward. 

Innervation: N. hypoglossus. 
The intrinsic muscle of the tongue, m. lingualis 

proprius, consists of a mass of muscle fibers that 

traverse the tongue in all directions. They alter the 
shape of the tongue and are innervated by the hy- 
poglossal nerves. 

Muscles of the Hyoid Apparatus. The 
omohyoid muscle, m. omohyoideus (Fig. 4-7), is a 
thin, strap-like muscle that extends from the shoul- 
der to the hyoid bone. 

Origin: From the cranial border of the neck of 
the scapula, proximal to the coracoid process. It 
emerges between the subscapular and supraspinatus 
muscles. 

Insertion: On the basihyoid bone, lateral to the 
sternohyoid muscle. 

Action: Pulls the hyoid bone caudally. 
Innervation: Ventral branches of the cervical spi- 

nal nerves. 
The sternohyoid muscle, m. sternohyoideus (Fig. 

4-4), extends between the sternum and the hyoid 

bone. It lies deep to the sternocephalic muscle and 

is superficial to the sternothyroid muscle along the 
ventral aspect of the neck. 

Origin: Manubrium of the sternum. 
Insertion: On the basihyoid bone. 

Action: Pulls the hyoid bone caudally. 
Innervation: Ventral branches of the first two | 

cervical spinal nerves. 

The thyrohyoid muscle, m. thyrohyoideus (Fig. 4- 

5a) extends from the thyroid cartilage of the larynx | 

to the hyoid bone. | 
Origin: Lamina of the thyroid cartilage. 
Insertion: Thyrohyoid and basihyoid bones. | 

Action: Draws the hyoid apparatus caudally if the 

larynx is fixed, or the larynx rostrally if the hyoid 
bone is fixed. 

Innervation: Ventral branches of the first two 
cervical spinal nerves. 

The stylohyoid muscle, m. stylohyoideus (Fig. 4- 

5b) lies medial to the caudal belly of the digastric 
muscle on the lateral aspect of the pharynx. 

Origin: By means of a long tendon from the sty- 

lomastoid process of the temporal bone. 

Insertion: It has a fleshy insertion on the epih- 

yoid, ceratohyoid and basihyoid bones. 

Action: Lifts the hyoid apparatus. 

Innervation: N. facialis. 

The ceratohyoid muscle, m. ceratohyoideus, lies 

in the angle between the thyrohyoid and cerato- 
hyoid bones. 

Origin: From the tip of the thyrohyoid bone. 
Insertion: Ceratohyoid bone and the tip of the 

epihyoid bone. 

Action: Pulls the thyrohyoid bone rostrally. 

Innervation: N. vagus. 

The geniohyoid muscle, m. geniohyoideus (Fig. 4- 

6) lies deep to the mylohyoid muscle in the inter- 

mandibular space. 

Origin: Symphysis of the mandible. 

Insertion: On the basihyoid bone. 
Action: Draws the hyoid apparatus rostrally. 

Innervation: N. hypoglossus. 

The mylohyoid muscle, m. mylohyoideus (Figs. 4- 

5a and 4-6), forms a sling for the tongue between 

the bodies of the mandibles. It lies deep to the ros- 

tral belly of the digastric muscle. 
Origin: From the mylohyoid line on the medial 

surface of the mandible. 
Insertion: Basihyoid bone. The greater part of the 

muscle inserts on a median raphe in the interman- 
dibular space in common with the muscle of the 

opposite side. 
Action: Raises the floor of the mouth and draws 

the hyoid apparatus rostrally. 

Innervation: N. mylohyoideus. 



Chapter 4—Muscular System 53 

Fig. 4-5. a) Deep muscles of the ventral neck, ventral view. 1 mylohyoid m., 2 masseter m., 3 thyrohyoid m., 4 crico- 
thyroid m., sternomastoid m., 6 sternothyroid m., 7 trachea, 8 larynx. b) Horizontal section through the mouth and muscles 

of mastication, ventral view. 1 masseter m., 2 medial pterygoid m., 3 temporal m., 4 stylohyoid m., 5 caudal belly of the 

digastric m., 6 sternomastoid m., 7 longus capitis m. 
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Fig. 4-6. Sagittal section of the head, medial view. 1 longus capitis m., 2 longus colli m., 3 sternohyoid m., 4 mylohyoid 

m., 5 geniohyoid m., 6 genioglossus m. 

Muscles of the Soft Palate. The soft palate 
is raised and tensed by two muscles. 

The tensor of the soft palate, m. tensor veli pal- 
atini, extends between the base of the skull and the 
lateral part of the soft palate. 

Origin: From the muscular process of the basi- 
occipital bone and the tympano-occipital suture 
(between the tympanic bulla and the basi-occipital 
bone). 

Insertion: The tendon of the muscle passes lateral 

to the pterygoid bone and then turns medially 

around the hamulus to insert on the soft palate. 

Action: It tenses the soft palate between the pter- 
ygoid bones. 

Innervation: N. mandibularis. 
The levator of the soft palate, m. levator veli pal- 

atini, extends between the base of the skull and the 
caudal part of the soft palate. 

Origin: Caudal to the tensor of the soft palate, 
from the muscular process and tympano-occipital 
suture. 

Insertion: It passes rostro-ventrally to insert on 
the soft palate. 

Action: Raises the soft palate. 
Innervation: N. mandibularis. 
The pharyngeal muscles are arranged in such a 

way that they act as constrictors of the pharynx. 

They can be grouped into rostral, middle and cau- 
dal constrictors. The pharynx has only one dilator. 

Rostral Constrictors. The pterygopharyngeal 
muscle, m. pterygopharyngeus, radiates from the 

pterygoid bone into the pharynx. 

Origin: From the hamulus of the pterygoid bone. 
Insertion: The muscle passes caudally into the 

pharynx and around the intrapharyngeal opening. 

Action: Constricts the pharynx and closes the in- 

trapharyngeal opening. 

Innervation: N. vagus. 

The palatopharyngeal muscle, m. palatopharyn- 
geus, extends caudally from the caudal border of the 
hard palate into the soft palate. 

Origin: Caudal border of the hard palate. 
Insertion: Rostral part of the pharynx. 
Action: Draws the roof of the pharynx rostrally 

and ventrally. 
Innervation: N. vagus. 

Middle Constrictor. The hyopharyngeal 
muscle, m. hyopharyngeus, extends from the hyoid 
bone into the roof of the pharynx. 

Origin: Tip of the thyrohyoid bone. 
Insertion: The fibers pass dorsomedially to insert 

on the median dorsal raphe of the pharynx. 
Action: Constricts the middle of the pharynx. 
Innervation: N. vagus. 

Caudal Constrictors. The thyropharyngeal 
muscle, m. thyropharyngeus, extends dorsally from 
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the thyroid cartilage of the larynx into the roof of 
the pharynx. 

Origin: From the lateral aspect of the thyroid 

lamina. 
Insertion: On the median dorsal raphe of the 

pharynx. 

Action: Constricts the caudal part of the phar- 
ynx. 

Innervation: N. vagus. 
The cricopharyngeal muscle, m. cricopharyngeus, 

is the most caudal of the pharyngeal muscles. It 
extends dorsally from the cricoid cartilage of the 
larynx into the roof of the pharynx. It is continuous 
with the circular muscle of the esophagus. 

Origin: From the arch of the cricoid cartilage. 
Insertion: On the median dorsal raphe of the 

pharynx. 
Action: Constricts the caudal part of the phar- 

ynx. 
Innervation: N. vagus. 

Dilator of the Pharynx. The caudal stylo- 
pharyneal muscle, m. stylopharyngeus caudalis, ex- 

tends ventrally from the stylohyoid bone into the 

roof of the pharynx. 
Origin: From the proximal part of the stylohyoid 

bone. 
Insertion: On the roof of the pharynx. 
Action: Lifts and opens the pharynx. 

Innervation: N. glossopharygeus. 

The muscles of the larynx are grouped into ex- 

trinsic muscles that move the larynx in relation to 

the body, and intrinsic muscles that move the la- 

ryngeal cartilages in relation to each other. 

_ Extrinsic Muscles of the Larynx. The ster- 
nothyroid muscle, m. sternothyroideus, (Fig. 4-5a) 
extends along the ventro-lateral border of the tra- 
chea, from the sternum to the thyroid lamina of 
the larynx. 

Origin: From the second sternebra and second 
costal cartilage. 

Insertion: Thyroid cartilage. 
Action: Pulls the larynx caudally. 
Innervation: N. accessorius and ventral branches 

of cervical spinal nerves. 

The thyrohyoid muscle, m. thyrohyoideus (Fig. 4- 
5a), extends rostrally from the thyroid cartilage to 
the hyoid bone. 

Origin: Thyroid cartilage. 
Insertion: Basihyoid bone. 
Action: Pulls the larynx rostrally. 

Innervation: Ventral branches of cervical spinal 
nerves. 

Intrinsic Muscles of the Larynx. The dorsal 
cricoarytenoid muscle, m cricoarytenoideus dorsalis, 

lies dorsally on the lamina of cricoid cartilage. It 

extends between the cricoid and arytenoid cartilag- 
es. 

Origin: From the dorsolateral surface of the lam- 
ina of the cricoid cartilage. 

Insertion: The fibers converge to insert on the 
muscular process of the arytenoid cartilage. 

Action: Abducts the vocal process, thereby open- 
ing the glottis. 

Innervation: N. vagus. 

The lateral cricoarytenoid muscle, m. cricoaryten- 
oideus lateralis, lies laterally on the larynx, between 
the thyroid and cricoid cartilages. 

Origin: From the lateral and cranial surface of 
the arch of the cricoid cartilage. 

Insertion: On the muscular process of the ary- 
tenoid cartilage. 

Action: Adducts the vocal process, thereby clos- 
ing the rima glottis. 

Innervation: N. vagus. 

The thyroarytenoid muscle, m. thyroarytenoideus, 
extends from the thyroid to the arytenoid cartilages. 

It lies medial to the thyroid cartilage and rostral to 
the lateral cricoarytenoid muscle. 

Origin: Along the internal midline of the thyroid 

cartilage. 
Insertion: On the muscular process of the ary- 

tenoid cartilage. 
Action: It relaxes the vocal cord and constricts 

the glottis. 
Innervation: N. vagus. 

The vocal muscle, m. vocalis, extends between the 
floor of the larynx and the vocal process of the 
arytenoid cartilage. 

Origin: From the internal midline of the thyroid 
cartilage. 

Insertion: On the vocal process of the arytenoid 

cartilage. 
Action: To draw the arytenoid cartilage down- 

ward, thus relaxing the vocal cord. 

Innervation: N. vagus. 
The cricothyroid muscle, m. cricothyroideus (Fig. 

4-5a), lies on the ventral aspect of the larynx. It 
extends between the cricoid and thyroid cartilages. 

Origin: From the ventrolateral surface of the arch 

of the cricoid cartilage. 
Insertion: On the caudal margin and medial sur- 

face of the thyroid cartilage. 
Action: To pivot the cricoid cartilage on its thy- 

roid articulation, thus tensing the vocal cords. 
Innervation: N. vagus. 
The hyoepiglottic muscle, m. hyoepiglotticus, is 

the only muscle associated with the epiglottis. It 
extends from the base of the epiglottis to the hyoid 

bone. 
Origin: From the lingual surface of the epiglottis. 

Insertion: On the basihyoid bone. 
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Fig. 4-7. Neck and thorax, left lateral view. 1 rhomboid m., capital part, 2 rhomboid m., cervical part, 3 splenius m., 4 

serratus ventralis m., cervical part, 5 supraspinatus m., 6 infraspinatus m., 7 serratus ventralis m., thoracic part, 8 serratus 

dorsalis m., 9 latissimus dorsi m. (cut), 10 external oblique abdominal m., 11 rectus abdominis m., 12 deep pectoral m., 

13 superficial pectoral m., 14 dorsal scalene m., 15 clavicle, 16 cleido-occipital m., 17 cleidomastoid m., 18 omotrans- 

versarius m., 19 omohyoid m. 

Action: Draws the epiglottis ventrally and ros- 

trally. 
Innervation: N. vagus. 

THORACIC LIMB 

Gilbert (1940) and Bryant (1945) studied the 

thoracic limb muscles of M. monax. 

Muscles that Attach the Thoracic Limb to 
the Body. The muscles that attach the thoracic 
limb to the body are arranged around the scapula 
in four layers, two lateral and two medial to the 
scapula. They all belong to the muscles of the tho- 
rax, but are discussed here because their primary 
action is on the thoracic limb. 

The acromiomandibular muscle, m. acromiom- 
andibularis (Figs. 4-1 and 4-2) (acromial part of the 
platysma of Gilbert, 1940; platysma of Bryant, 
1945), is the most superficial of all the muscles that 

attach the thoracic limb to the body. Knowledge of 
its homology in the trunk musculature is unsure. 
At its origin it lies deep to the platysma and su- 
perficial to the cervical trapezius muscles. It extends 
to the face over the same area as the m. platysma, 
but deep to it. 

Origin: From the distal part of the acromion. 
Insertion: On a wide area covering the lateral as- 

pect of the face. It inserts ventral to the eye, lateral 
aspect of the nose, the upper lip, the lower lip and 
the mandible. 

Action: When the arm is fixed it retracts the up- 

per and lower lips and moves the head laterally. If 
the head is fixed it pulls the limb forward. 

Innervation: Ventral branches of the cervical spi- 
nal nerves (mainly ventral branches of the third 
cervical spinal nerve). 

The trapezius muscle, m. trapezius (Figs. 4-1 and 
4-7), forms a flat, muscular sheet on the lateral as- 

pect of the shoulder. It extends from the dorsal 
midline of the thorax and neck and converges on 
the spine of the scapula. The muscle can be divided 
into thoracic and cervical parts. 

The thoracic part, m. trapezius pars thoracica, 
(spinotrapezius of Gilbert, 1940; and Bryant, 1945). 

Origin: Muscular origin from the spinous pro- 

cesses of the first six thoracic vertebrae and by 
means of an aponeurosis from the following two 
thoracic vertebrae. 

Insertion: On the proximal part of the scapular 
spine. 

Action: Lifts the scapula and pulls it caudally. 
The cervical part, m. trapezius pars cervicalis (ac- 

romio- and clavotrapezius of Gilbert, 1940; acrom- 
iotrapezius of Bryant, 1945). 

Origin: Muscular from the occiput, atlas and 

axis, and by means of an aponeurosis from the spi- 
nous processes of the rest of the cervical vertebrae 
and the median raphe of the neck. 

Insertion: On the distal two thirds of the scapular 

spine and the acromion. 

Action: Lifts the scapula and pulls it cranially. 
Innervation: N. accessorius. 
The latissimus dorsi muscle, m. latissimus dorsi 

(Figs. 4-1, 4-7 and 4-8), is a fan shaped muscle that 
lies caudal to the scapula, deep to the thoracic part 
of the trapezius muscle. 
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Fig. 4-8. Left thoracic limb, lateral view. 1 rhomboid m., capital part, 2 rhomboid m., cervical part, 3 m. trapezius, 

thoracic part, 4 m. infraspinatus, 5 m. serratus ventralis, thoracic part, 6 teres major m., 7 accessory axillary In., 8 cutaneus 

trunci m., 9 latissimus dorsi m., 10 tensor fasciae antebrachii m., 11 triceps brachii m., long head, 12 triceps brachii m., 
lateral head, 13 anconeus m., 14 extensor carpi ulnaris m., 15 lateral digital extensor m., 16 flexor carpi ulnaris m., 17 
extensor retinaculum, 18 long abductor m. of digit I, 19 common digital extensor m., 20 extensor carpi radialis m., 21 
brachioradialis m., 22 cleidobrachialis m., 23 deltoid m., acromial part, 24 infraspinatus In., 25 infraspinatus m., 26 ac- 
romiomandibularis m., 27 deltoid m., scapular part, 28 trapezius m., cervical part, 29 supraspinatus m. 
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Origin: From the spinous processes of all the 

thoracic vertebrae, as well as from the last four ribs. 
Insertion: In common with the deep pectoral 

muscle on the major tubercle of the humerus and 

on the fascia along the caudal border of the teres 
major muscle. 

Action: Retracts the non-weight-bearing limb, or 
extends the shoulder joint during weight bearing, 
thus propelling the body forward. 

Innervation: N. thoracodorsalis. 
The rhomboid muscle, m. rhomboideus (Fig. 4- 

7), is very robust muscle that can be divided into 
thoracic, cervical and capital parts. It lies deep to 

the trapezius muscle. 
Thoracic part, m. rhomboideus thoracis (rhom- 

boideus of Bryant, 1945). 
Origin: Muscular from the spinous process of the 

first thoracic vertebra. 
Insertion: Laterally and medially on the caudal 

part of the dorsal border of the scapula. 
Action: Pulls the thoracic limb forward and lifts 

the scapula. 
Innervation: Ventral branches of cervical and 

thoracic spinal nerves. 
Cervical part, m. rhomboideus cervicis (rhomboi- 

deus of Bryant, 1945). 
Origin: Muscular from the spinous processes of 

all the cervical vertebrae. 

Insertion: Laterally and medially on the cranial 

part of the dorsal border of the scapula. 
Capital part, m. rhomboideus capitis (occipitos- 

capularis of Gilbert, 1940; and of Bryant, 1945). 
Origin: Muscular from the nuchal crest and the 

mastoid process. 

Insertion: In common with the cervical part on 

the scapula. 

The omotransversarius muscle, m. omotransver- 
sarius (Fig. 4-7), lies deep to the cervical trapezius 

muscle, and consists of two distinct parts. Gilbert 

(1940) identified the ventral part of the muscle and 

described the dorsal part, but did not name it. 
Ventral part (atlantoscapularis of Gilbert, 1940; 

atlantoscapularis dorsalis of Bryant, 1945). 
Origin: Ventral aspect of the wing and ventral 

arch of the atlas. 

Insertion: Caudally on the distal part of the acro- 
muon. 

Dorsal part (unidentified muscle of Gilbert, 
1940, atlantoscapularis ventralis of Bryant, 1945). 

Origin: Ventral aspect of the wing of the atlas. 
Insertion: In common with the ventral part on 

the acromion. 
Action: Pulls the thoracic limb cranially. 
Innervation: N. accessorius. 

The superficial pectoral muscle, m. pectoralis su- 
perficialis (Figs. 4-2 and 4-7) (pectoralis major of 
Gilbert, 1940), forms the superficial, medial attach- 

ment of the thoracic limb to the body. It is partly 
covered by the sternomandibular muscle and can 
be divided into transverse and descending parts. 
Division and separation of the two parts, however, 
is difficult. 

Descending part, m. pectoralis descendens, (ecto- 
pectoralis of Bryant, 1945). 

Origin: From the manubrium of the sternum. 
Transverse part, m. pectoralis transversus (ecto- 

pectoralis of Bryant, 1945). 
Origin: From all the sternebrae. 
Insertion: Both parts insert with a common apo- 

neurosis on the humeral crest distal to the deltoid 
tubercle. 

Action: Adducts and retracts the limb. 
Innervation: N. pectoralis cranialis. 

The deep pectoral muscle, m. pectoralis profundus 
(Figs. 4-2, and 4-7) (pectoralis profundus and pec- 

toralis abdominis of Gilbert, 1940; pectoralis minor 
and pectoralis abdominis of Bryant, 1945). The 

muscle can be divided into a cranial part that lies 
deep to (covered by) the superficial pectoral mus- 
cle, and a caudal part that lies caudal to the super- 
ficial pectoral muscle. 

Cranial part 

Origin: From the third sternebra to the xiphoid 

cartilage of the sternum. 

Caudal part 

Origin: From the xiphoid cartilage and the linea 
alba. 

Insertion: Both parts insert on the major tubercle 
and the crest between the major and deltoid tuber- 
cles of the humerus. 

Action: Adducts and retracts the limb. 

Innervation: N. pectoralis caudalis. 

Note: The latissimus and cutaneus trunci mus- 
cles attach and blend distally with the caudal part 

of the deep pectoral muscle. 
The serratus ventralis muscle, m. serratus ven- 

tralis (Figs. 4-7, 4-7 and 4-9) (serratus magnus of 

Gilbert, 1940; levator scapulae and serratus anterior 

of Bryant, 1945), suspends the trunk between the 
thoracic limbs. It can be divided into thoracic and 
cervical parts. The thoracic part lies deep to the 

latissimus dorsi muscle, and the cervical part lies 

deep to the omotransversarius and the trapezius 

muscles. 
Origin: The thoracic part takes origin from the 

distal parts of the first nine ribs, and the cervical 

part takes origin from the transverse processes of 

the last three cervical vertebrae. 
Insertion: On the facies serrata of scapula. 

Action: Suspends and elevates the trunk. 
Innervation: N. thoracicus longus (thoracic part) 

and the ventral branches of the last three cervical 

spinal nerves (cervical part). 

The subclavian muscle, m. subclavius, is fairly 
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Fig. 4-9. Left thoracic limb, medial view. 1 rhomboideus m., 2 serratus ventralis m., cervical part, 3 subscapular m., 4 

supraspinatus m., 5 deep pectoral m., 6 superficial pectoral m., 7 cleidobrachialis m., 8 triceps brachii m., medial head, 

9 coracobrachialis m., 10 biceps brachii m., 11 flexor carpi radialis m., 12 brachioradialis m., 13 deep digital flexor m., 
radial head, 14 flexor retinaculum, 15 superficial digital flexor m., 16 deep digital flexor m., humeral head, 17 flexor carpi 
ulnaris m., 18 pronator teres m., 19 superficial digital flexor m., epicondylar head, 20 anconeus m., 21 tensor fasciae 

antebrachii m., 22 triceps brachii m., long head, 23 latissimus dorsi m. (cut), 24 teres major m., 25 serratus ventralis m., 

thoracic part. 
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well developed and lies deep to the superficial pec- 
toral muscle. It extends from the first rib to the 
clavicle. 

Origin: From the costal cartilage of the first rib. 
Insertion: On the medial aspect of the lateral 

two-thirds of the clavicle. 
Action: Pulls the clavicle caudally. 
Innervation: N. subclavius. 

Muscles of the Shoulder. The muscles of the 
shoulder are arranged along the lateral and medial 
surfaces of the scapula. They stabilize the shoulder 
and act as extensors and flexors of the shoulder 
joint. 

The supraspinous muscle, m. supraspinatus (Figs. 
4-7 and 4-8), lies in the supraspinous fossa of the 
scapula. 

Origin: Fossa supraspinata. 
Insertion: Laterally on the major tubercle of the 

humerus. 

Action: Extension of the shoulder joint. 
Innervation: N. suprascapularis. 

The infraspinous muscle, m. infraspinatus (Figs. 

4-7 and 4-8) lies in the infraspinous fossa of the 
scapula. A thick layer of fascia and the scapular 
head of the deltoid muscle cover the muscle later- 
ally. 

Origin: Fossa infraspinata. 

Insertion: Laterally on the distal part of the ma- 
jor tubercle of the humerus by means of a strong 
tendon. 

Action: Lateral rotation of the humerus and flex- 
ion of the shoulder joint. 

Innervation: N. suprascapularis. 

The subscapular muscle, m. subscapularis (Fig. 4- 

9), lies in the subscapular fossa of the scapula, distal 

to the insertion of the serratus ventralis muscle. A 
large synovial bursa is present between the distal 
part of the muscle and the coracoid process of the 
scapula. 

Origin: Subscapular fossa. 
Insertion: On the minor tubercle of the humerus. 
Action: Extends the shoulder joint. 
Innervation: N. subscapularis. 

The deltoid muscle, m. deltoideus (Figs. 4-1 and 
4-8), is a triangular muscle lateral to the shoulder, 

and consists of clavicular, acromial and scapular 
heads. 

Clavicular head, m. deltoideus pars clavicularis 
(clavodeltoideus of Bryant, 1945). 

Origin: Lateral two-thirds of the clavicle, deep to 
the cleido-brachialis muscle. 

Acromial head, m, deltoideus pars acromialis (ac- 

romiodeltoid of Gilbert, 1940, acromiodeltoideus of 
Bryant, 1945). 

Origin: Acromion of the scapula. 
Scapular head, m. deltoideus pars scapularis (spi- 
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nodeltoid of Gilbert, 1940; spinodeltoideus of Bry- 
ant, 1945). 

Origin: From the fascia covering the infraspinous 
muscle and the spine of the scapula. 

Insertion: All three parts insert on the deltoid 
tubercle of the humerus. 

Action: Flexion of the shoulder joint. 
Innervation: N. axillaris. 

The coracobrachial muscle, m. coracobrachialis 
(Fig. 4-9), lies on the medial aspect of the shoulder 

joint where it is closely associated with the joint 
capsule. Gilbert, 1940 divided the muscle into three 
parts. 

Origin: By means of a long tendon from the cor- 
acoid process of the scapula. A synovial sheath sur- 
rounds the tendon. 

Insertion: Muscular on the distal half of the cau- 
domedial border of the humerus. 

Action: Extension of the shoulder. 
Innervation: N. musculocutaneus. 

The teres major muscle, m. teres major (Fig. 4- 

9), is the most caudal of the shoulder muscles. It 

lies medial to the deltoid and long head of the tri- 
ceps muscles. 

Origin: From the caudal angle of the scapula. 
Insertion: On the teres major tubercle of the hu- 

merus. 
Action: Flexion of the shoulder. 
Innervation: N. axillaris. 
The teres minor muscle, m. teres minor, is a small 

muscle caudal to the shoulder joint. It is covered 
laterally by the deltoid muscle and is closely attached 
to the caudal border of the infraspinous muscle. 

Origin: From the distal part of the caudal scap- 
ular margin, medial to the origin of the long head 
of the triceps muscle. 

Insertion: On the tricipital line of the humerus, 

immediately distal to the insertion of the infraspi- 
nous muscle. 

Action: A lateral rotator of the humerus and flex- 
or the shoulder joint. 

Innervation: N. axillaris. 

Muscles of the Elbow. The muscles of the 

elbow are reduced to flexors and extensors. 

Flexors of the Elbow. The biceps muscle, m. 
biceps brachii (Fig. 4-9), lies cranially on the arm 
and has two heads. It is covered laterally by the 
deltoid and cleidobrachialis muscles. 

Origin: The one head takes origin from the su- 
praglenoid tubercle by means of a long tendon that 
is surrounded by a synovial sheath. The second 
head has a muscular origin from the tendon of the 

coracobrachialis muscle. 
Insertion: On the radial tubercle along the cau- 

do-medial border of the radius. 

| 
| 
| | 
| 
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Action: Flexion of the elbow. 
Innervation: N. musculocutaneus. 

The brachial muscle, m. brachialis, lies along the 

caudal border of the humerus and spirals from cau- 
dal to lateral in the brachial groove under cover of 
(deep to) the lateral head of the triceps muscle. 

Origin: Caudally on the humerus, just distal to 

the head. 
Insertion: On the tubercle along the craniome- 

dial border of the ulna, just distal to the medial 

coronoid process. 
Action: Flexion of the elbow. 

Innervation: N. musculocutaneus. 

The cleidobrachial muscle, m. cleidobrachialis 

(Figs. 4-8 and 4-9) (clavobrachialis of Gilbert, 1940; 

clavodeltoideus of Bryant, 1945), forms the crani- 
omedial muscular border of the arm. 

Origin: From the lateral two-thirds of the clavi- 

cle. 
Insertion: In common with the brachial muscle 

on the ulna. 
Action: Draws the limb forward and flexes the 

elbow. 

Innervation: N. musculocutaneus. 

Extensors of the Elbow. The triceps muscle, 
m. triceps brachii (Figs. 4-8 and 4-9), is a triangular 
muscle mass which fills the space caudal to the 
shoulder joint. It is a very powerful extensor of the 
elbow and consists of a long head, caput longum, a 
lateral head, caput laterale, a medial head, caput me- 

diale, and an accessory head, caput accessorium 
(Neither Gilbert, 1940 nor Bryant, 1945 recognized 
an accessory head). 

Origin: Long head. Caudal border of the distal 
third of the scapula. 

Lateral head. By means of a broad, flat tendon 

from the crest that runs from the major tubercle to 
the deltoid tubercle of the humerus (tricipital line). 

Medial head. Along the caudomedial border of 
the humeral shaft. 

Accessory head. From the caudolateral aspect of 
the humerus. It is fused to the medial head over 
most of its length. 

Insertion: Olecranon. 
Action: Extends the elbow. 
Innervation: N. radialis. 
The tensor of the antebrachial fascia, m. tensor 

fasciae antebrachii (Fig. 4-9) (epitrochlearis of Gil- 

bert, 1940; dorsoepitrochlearis of Bryant, 1945), is 
the most caudal of the arm muscles. It lies along 

the caudomedial border of the triceps muscle. 

Origin: From the caudal border of the teres ma- 
jor muscle and the lateral aspect of the latissimus 
dorsi muscle, close to the attachment of the latter 
on the teres major muscle. 

Insertion: Distally on the tendon of the long head 

of the triceps muscle and on the caudomedial an- 
tebrachial fascia. 

Action: Extends the elbow and tenses the ante- 
brachial fascia. 

Innervation: N. radialis. 

The anconeus muscle, m. anconeus (Fig. 4-8) 

(epitrochleo-anconeus of Bryant, 1945), covers the 

lateral and medial aspects of the elbow joint. 
Origin: The lateral part takes origin from the lat- 

eral epicondyle and the medial part originates from 
the medial epicondyle of the humerus. Gilbert, 
1940, as well as Bryant, 1945, only identified the 
medial part of the muscle. 

Insertion: The lateral part inserts laterally and the 
medial part medially on the olecranon. 

Action: Extends the elbow. 
Innervation: N. radialis. 

Muscles of the Antebrachium. The flexors 
and extensors of the carpus and digits are arranged 
around the antebrachium. A thick layer of antebra- 
chial fascia covers all the muscles. The extensors are 
arranged craniolaterally, and the flexors are ar- 
ranged caudomedially on the antebrachium. The 
rotators of the manus lie deep to the flexors and 
extensors. 

Extensors of the Carpus. The extensor carpi 
radialis, m. extensor carpi radialis (Fig. 4-8) (exten- 

sor carpi radialis longus and brevis of Gilbert, 1940; 
and of Bryant, 1945), is the most medial of the 

extensor muscles, consists of two distinct parts each 

with its own tendon. Both tendons are held in po- 

sition over the carpus by the extensor retinaculum 

and have separate synovial sheaths. 
Origin: From the lateral epicondyle of the hu- 

merus. The lateral head of the triceps covers its or- 

igin. 

Insertion: The tendon of the medial part inserts 
proximomedially on the second metacarpal bone, 
and the lateral part inserts on the proximomedial 

aspect of the third metacarpal bone. 
Action: Extends the carpus. 
Innervation: N. radialis. 
The extensor carpi ulnaris, m. extensor carpi ul- 

naris (Fig. 4-8), lies caudolaterally on the antebra- 

chium, lateral to the lateral extensor of the digits. 
Origin: Lateral condyle of the humerus. 
Insertion: Proximally on the fifth metacarpal 

bone. 
Action: Extends the carpus. 
Innervation: N. radialis. 

Flexors of the Carpus. The flexor carpi ra- 
dialis, m. flexor carpi radialis (Fig. 4-9), lies cau- 
domedial on the shaft of the radius. Its proximal 

part lies caudal to the pronator teres muscle. 
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Origin: From the medial condyle of the humerus. 
Insertion: On caudal surface of the proximal end 

of the second and third metacarpal bones. 

Action: Flexes the carpus. 
Innervation: N. medianus. 
The flexor carpi ulnaris, m. flexor carpi ulnaris 

(Fig. 4-8), lies caudolaterally on the shaft of the 

ulna. 
Origin: From the olecranon and the shaft of the 

ulna, and from the medial epicondyle of the hu- 
merus (in common with the deep digital flexor 
muscle). 

Insertion: Accessory carpal bone. It often has a 
tendinous attachment to the lateral carpal pad. 

Innervation: N. medianus. 

Extensors of the Digits. The common digi- 
tal extensor, m. extensor digitorum communis (Fig. 

4-8), lies lateral to the radial extensor of the carpus. 

The tendon divides into four. Proximal to the car- 
pus the four tendons have a common synovial 
sheath, and are held in position by the extensor 

retinaculum. 
Origin: Lateral condyle of the humerus. 
Insertion: Extensor processes of the distal pha- 

langes of digits two to five. 
Action: Extends the toes (digits). 

Innervation: N. radialis. 
The lateral digital extensor, m. extensor digitorum 

lateralis (Fig. 4-8) (extensor digiti quinti of Gilbert, 

1940; extensor digiti quinti proprius of Bryant, 

1945). The muscle lies lateral to the common digital 

extensor. At the carpus the tendon divides into two 
and is held in position by the extensor retinaculum. 

Origin: Lateral condyle of the humerus. 
Insertion: In common with the common digital 

extensor on the extensor processes of the distal 

phalanges of digits four and five. The tendons are 
also attached to the fascia of the second phalanges. 

Action: Extends the outer two toes (digits [V and 
V). 

Innervation: N. radialis. 

The extensor of the third digit, m. extensor digiti 
III, lies on the cranial surface of the shaft of the 
radius and is covered by the common digital exten- 

sor. 
Origin: Lateral condyle of the humerus, distal to 

the origin of the common digital extensor. 
Insertion: In common with the common digital 

extensor to the third digit. It also gives off a small 
branch to the common digital extensor at the level 
of the carpus. 

Action: Extends the third digit. 
Innervation: N. radialis. 
The extensor of the second digit, m. extensor dig- 

iti II (extensor indicis of Gilbert, 1940; and of Bry- 

ant, 1945), lies deep to the common extensor. 

Origin: From the dorsal aspect of the shaft of the 
radius. 

Insertion: Together with the common digital ex- 
tensor on digit two. 

Action: Extends the second digit. 

Innervation: N. radialis. 
The long abductor of the first digit, m. abductor 

digiti I longus (Fig. 4-8) (extensor metacarpi pollicis 
of Gilbert, 1940; abductor pollicis longus of Bryant, 
1945), appears distally between the extensor carpi 

radialis and the common digital extensor muscles. 
Its tendon of insertion crosses from lateral to me- 
dial over the tendon of the extensor carpi radialis 

and is surrounded by a synovial sheath. 

Origin: Laterally from the proximal half of the 
shaft of the ulna (from the lateral coronoid process 

distally). 

Insertion: Proximally on the first metacarpal 

bone. 

Action: Abducts digit I. 

Innervation: N. radialis. 

Flexors of the Digits. The superficial digital 
flexor, m. flexor digitorum superficialis (Fig. 4-9) 

(flexor digitorum sublimis of Bryant, 1945), has 

two heads, one from the humeral epicondyle (pal- 

maris longus of Gilbert, 1940) and one from the 

humeral condyle (flexor digitorum sublimis of Gil- 
bert, 1940). The head from the epicondyle forms 

the most caudal muscle of the antebrachium. Both 
tendons pass deep to the palmar sesamoid bone 

and are held in position by palmar fascia. At the 

metacarpo-phalangeal joints each of the tendons to 

digits two to five divide to form a sleeve or mani- 

cum flexorium for the passage of the deep digital 

flexor tendons. 
Origin: Medial condyle and epicondyle of the 

humerus. 

Insertion: The head from the medial condyle in- 

serts mainly on the palmar fascia and palmar pads 
but also gives off branches to the tendons of the 

epicondylar head. At the carpus, the tendon of the 

epicondylar head divides into four to insert on the 
proximal part of phalanx two of digits two to five. 

Action: Flexion of the toes. 
Innervation: N. medianus. 
The deep digital flexor, m. flexor digitorum pro- 

fundus (Fig. 4-9), lies caudal to the flexor carpi ra- 
dialis and deep to the superficial and ulnar flexors. 

Its three heads fuse to form a wide tendon which 
passes through the carpal canal, deep to the tendon 

of the superficial digital flexor, and then divides 
into four. The four tendons are held in position by 

the palmar annular ligaments as they pass over the 

metacarpo-phalangeal joints. They then pass 

through the superficial tendons and are bound 
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down to the digits by proximal and distal digital 

annular ligaments. 
Origin: Ulnar head—From the olecranon and 

the proximal half of the shaft of the ulna. 
Humeral head—from the medial condyle of the 

humerus. 
Radial head—from the proximal half of the cau- 

domedial border of the radius. 
Insertion: On the flexor surface of the distal pha- 

langes of digits two to five. 

Action: Flexion of the toes. 
Innervation: By both the n. medianus and n. ul- 

naris. 

Rotators of the Manus. The manus has four 
rotators; two pronators and two supinators. 

The pronator teres, m. pronator teres (Fig. 4-9), 

lies medial on the proximal part of the radius. It is 

not covered by any of the antebrachial muscles. 
Origin: Medial condyle of the humerus. 
Insertion: Distal half of the medial border of the 

radius. 

Action: Pronation of the manus. 

Innervation: N. medianus. 

The pronator quadratus, m. pronator quadratus, 
runs transversely in the distal half of the interosseus 
space between the radius and ulna. 

Origin: Distal half of the ulna. 

Insertion: Distal half of the radius. 

Action: Pronation of the manus. 
Innervation: N. medianus. 

The brachioradialis, m. brachioradialis (Figs. 4-8 

and 4-9), is a very large and well-developed muscle 

of the arm. It lies craniomedially on the antebra- 

chium, medial to the radial carpal extensor. 

- Origin: From the lateral epicondyle of the hu- 
merus, proximal to the origin of the m. extensor 

carpi radialis. 

Insertion: On the fascia over the dorsomedial as- 

pect of the carpus and the styloid process of the 
radius. 

Action: Supination of the antebrachium. 

Innervation: N. radialis. 

The supinator, m. supinator, lies deep to the lat- 

eral antebrachial muscles in the proximal part of 
the forearm. 

Origin: From the lateral condyle of the humerus. 
Insertion: On the craniomedial border of the 

proximal part of the radius. 
Action: Supination of the manus. 

Innervation: N. radialis. 

Muscles of the Manus. Apart from the mus- 
cles of the digits arranged around the antebrachi- 
um, several short muscles of the digits are arranged 

on the palmar aspect of the manus. They function 

Fig. 4-10. Left manus, superficial palmar view. 1 radius, 

2 tendon of superficial digital flexor m., 3 radial sesamoid 
bone, 4 abductor m. of first digit, 5 adductor m. of first 
digit, 6 short flexor m. of first digiti, 7 abductor m. of sec- 
ond digit, 8 tendon of superficial digital flexor m., 9 inter- 

osseus mm., 10 lumbricales mm., 11 opponens m. of the 

fifth digit, 12 palmaris brevis m., 13 abductor m. of the fifth 

digit, 14 accessory carpal bone, 15 ulna. 

primarily as flexors, adductors and abductors of the 

digits. 
The lumbricales, mm. lumbricales (Figs. 4-10 and 

4-11) consist of three thin muscle bundles between 

the branches of the deep digital flexor tendon. The 
first lies between the tendons of digits two and 
three, the second lies between the tendons of digits 

three and four, and the third lies between the ten- 

dons of digits four and five. 
Origin: Tendons of the deep digital flexor. 
Insertion: On the medial aspects of digits three 

to five. The first one goes to digit three, the second 
to digit four and the third to digit five. 



64 Anatomy of the Woodchuck, Marmota monax 

Fig. 4-11. Left manus, middle palmar view. 1 radius, 2 

tendon of superficial digital flexor m., 3 short flexor m. of 

first digit, 4 abductor m. of first digit, 5 flexor m. of second 

digit, 6 abductor m. of second digit, 7 manicum flexorium, 

8 palmar annular ligament, 9 proximal digital annular liga- 
ment, 10 distal digital annular ligament, 11 insertions of 
superficial digital flexor m. tendon, 12 insertion of the deep 

flexor m. tendon, 13 lumbricales mm., 14 abductor m. of 

the fifth digit, 15 flexor m. of the fifth digit, 16 accessory 

carpal bone, 17 ulna. 

Action: Flexion of the metacarpophalangeal 
joint. 

Innervation: N. ulnaris. 

The four interosseus muscles, mm. interossei 
(Figs. 4-10 and 4-12), form the bulk of the muscle 

mass on the palmar surface of the manus. Each of 
the four muscles divides distally to insert on the 
proximal sesamoid bone. Some authors, including 
Bryant, 1945, regard them as separate muscles, giv- 
ing a total of eight interosseus muscles. 

Origin: Proximal ends of metacarpals H-V. 

Fig. 4-12. Left manus, deep palmar view. 1 radial sesa- 
moid bone, 2 abductor m. of first digit, 3 short flexor m. of 
first digit, 4 interosseus mm., 5 proximal sesamoid bones, 

6 distal sesamoid bone, 7 flexor tubercle of distal phalanx, 

8 adductor m. of fifth digit, 9 abductor m. of fifth digit, 10 
flexor m. of fifth digit, 11 accessory carpal bone. 

Insertion: Proximal sesamoid bones of digits 
II-V. 

Action: Flexion of the metacarpophalangeal 

joints. 

Innervation: N. ulnaris. 
The short flexor of the first digit, m. flexor digiti 

I brevis (Figs. 4-10 and 4-11), lies between the ab- 

ductor and adductor of the first digit. 
Origin: From the distal palmar surface of the first 

carpal bone. 
Insertion: Phalanx I of the first digit, distal to the 

insertion of the abductor. 
Action: Flexion of the first digit. 
Innervation: N. ulnaris. 
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The adductor of the first digit, m. adductor digiti 
I (Fig. 4-10), lies lateral and deep to the short flexor 
of the first digit. 

Origin: Inner surface of the first carpal bone. 
Insertion: Caudolateral border of the first pha- 

lanx of digit I. 
Action: Adducts the first digit. 
Innervation: N. ulnaris. 
The short abductor of the first digit, m. abductor 

digiti I brevis (Fig. 4-11), is the most medial of the 
short muscles of the first digit. 

Origin: Caudal, free end of the first carpal bone. 
Insertion: Base of the proximal phalanx of digit I. 
Action: Abducts the first phalanx. 
Innervation: N. ulnaris. 
The short flexor of the second digit, m. flexor 

digiti II (Fig. 4-10), lies medial to the lumbricalis 
muscle of the same digit. 

Origin: Carpal ligament. 
Insertion: Medially on the proximal phalanx of 

digit II. 
Action: Flexion of the second digit. 
Innervation: N. ulnaris. 
The abductor of the second digit, m. abductor 

digiti II is the most medial of the short muscles of 
the second digit. 

Origin: Carpal ligament. 
Insertion: In common with the short flexor on 

the proximal phalanx of digit II. 
Action: Abduction of the second digit. 
Innervation: N. ulnaris. 
The abductor of the fifth digit, m. abductor digiti 

V (Figs. 4-10 and 4-12), is the most lateral of the 

short muscles of the manus. 
Origin: Accessory carpal bone (cartilage of the 

lateral metacarpal pad) and the palmar retinacu- 
lum. 

Insertion: By means of a fascial attachment to the 
lateral surface of the short flexor of digit V. 

Action: Abducts the fifth digit. 
Innervation: N. ulnaris. 
The flexor of the fifth digit, m. flexor digiti V 

(Figs. 4-11 and 4-12), lies deep to the abductor of 
the same digit. 

Origin: Accessory carpal bone. 

Insertion: On the lateral surface of the outer (ab- 

axial) proximal sesamoid bone of digit V. 
Action: Flexion of the fifth digit. 
Innervation: N. ulnaris. 
The opposing muscle of the fifth digit, m. op- 

ponens digiti V (Fig. 4-10), lies medial to the ad- 

ductor of the fifth digit. It takes origin from the 
accessory carpal bone and inserts on the lateral as- 
pect of the fifth digit. 

Action: Adducts the fifth digit. 
Innervation: N. ulnaris. 
The adductor of the fifth digit, m. adductor digiti 

V (Fig. 4-12), lies between the third and fourth in- 
terosseus muscles. 

Origin: Carpal ligament. 

Insertion: On the medial aspect of the proximal 
phalanx of digit V. 

Action: Adducts the fifth digit. 
Innervation: N. ulnaris. 
The opposing muscle of the carpal pads, m. pal- 

maris brevis (Fig. 4-10), is a well-developed muscle 
that lies within the lateral and medial carpal pads. 
It consists of two bellies that radiate from the carpal 
sesamoid bone and medial carpal pad to the lateral 
carpal pad and lateral surface of the fifth digit. A 

cartilage attached to the accessory carpal bone sup- 
ports the lateral carpal pad. The carpal sesamoid 
bone supports the medial carpal pad (see osteology, 

carpal bones). The medial carpal pad is mobile, the 
lateral one is fairly fixed in position. Therefore, the 
muscle adducts the fifth digit and draws the medial 
carpal pad towards the lateral carpal pad. 

Innervation: N. ulnaris. 

TRUNK 

The trunk muscles are divided topographically 
into the muscles of the cervical, thoracic, and lum- 

bar vertebrae, the lateral and ventral thoracic wall, 

including the diaphragm, the abdomen, and the 
tail. Apart from these muscles, a very extensive cu- 

taneous muscle covers most of the trunk. 

Cutaneous Muscle of the Trunk. The cu- 
taneus muscle of the trunk, m. cutaneus trunci 

(Figs. 4-1 and 4-2) (cutaneous maximus of Bryant, 

1945), is a very extensive muscle that covers the 
thorax, abdomen, pelvis and thighs. It extends from 
the dorsal sacral region, the lateral aspects of the 
pelvis and thighs, and the ventral abdominal re- 
gion, to the medial aspect of the arm. The left and 
right muscles meet along the dorsal midline and are 
attached to the lateral sacral crest. Caudoventrally 
the muscle gives off two muscular slips, one atta- 
ches to the scrotum, and the other attaches to the 
lateral aspect of the preputium, forming the cranial 
preputial muscle, m. preputialis cranialis. 

Origin: From the lateral sacral crest and the tho- 
racolumbar, lateral femoral, and ventral abdominal 

fascia. 
Insertion: On the m. latissimus dorsi, medial to 

the arm. 
Action: The muscle functions to protract the 

scrotum and preputium, and retract the arm. It also 

moves the skin of the trunk. 
Innervation: N. thoracicus lateralis. 

Muscles of the Vertebral Column. The 
muscles of the vertebral column are grouped into 
five layers that lie beside and above each other. Of 
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Fig. 4-13. Thorax, left lateral view. 1 splenius m., 2 spinalis et semispinalis m., 3 longissimus m., thoracic part, 4 

iliocostalis m., thoracic part, 5 diaphragm, left crus, 6 diaphragm, costal part, 7 diaphragm, tendinous center, 8 diaphragm, 

sternal part. 

these five the two superficial layers and part of the 

third layer attach the thoracic limb to the body. 
The muscles of the first layer are the m. trapezius 

and m. omotransversarius. Those of the second lay- 
er are the m. latissimus dorsi and m. rhomboideus. 
Those of the third layer are the m. serratus ven- 
tralis, m. serratus dorsalis and m splenius. Those of 

the fourth layer are the m. iliocostalis, m. longis- 
simus and m. spinalis et semispinalis, and those of 

the fifth layer are the m. multifidus, m. interspi- 
nales, m. intertransversarii, and the dorsal muscles 

of the atlanto-occipital and axio-atlantal joints. 
Functionally the iliocostalis, longissimus, and 

transversospinalis muscle groups belong to the M. 
erector spinae. 

The muscles that attach the thoracic limb to the 
body are discussed under the muscles of the tho- 

racic limb. 

The dorsal serratus muscle, m. serratus dorsalis 
(Fig. 4-7), consists of cranial and caudal parts. 

The cranial part, m. serratus dorsalis cranialis 

(serratus posterior superior of Bryant, 1945), lies 

deep to the serratus ventralis muscle, and its fibers 

run dorsocranially. 
Origin: By means of a wide aponeurosis from the 

spinous processes of 2C, from the dorsal median 

raphae of the neck, and from the spinous processes 
of 1T-12T. 

Insertion: Muscular on ribs 4 to 10, just lateral 

to the iliocostalis muscle. 

Action: Pulls the ribs cranially during inspira- 

tion. 
The caudal part, m. serratus dorsalis caudalis (ser- 

ratus posterior inferior of Bryant, 1945), lies deep 
to the latissimus dorsi muscle. Its fibers run cau- 

doventrally and overlap (lies superficial to) the cau- 

dal fascicles of the cranial part. 

Origin: By means of a wide aponeurosis from the 
spinous processes of 12T-1L. 

Insertion: Muscular on the last four ribs. 
Action: Pulls the last four ribs caudally for ex- 

piration. 

Innervation of both parts: Nn. intercostales. 
The splenius, m. splenius (Figs. 4-7 and 4-13), is 

a very large and powerful muscle of the neck that 

lies deep to the rhomboideus. 
Origin: Muscular from the median raphae of the 

neck (from 1—7C) and by means of an aponeurosis 

from the spinous processes of 1T—8T. 

Insertion: On the mastoid process and the nuchal 
crest. 

Action: Bilateral contraction extends and raises 

the head. Unilateral action draws the head and neck 
laterally. 

Innervation: Cervical spinal nerves. 

Epaxial Muscles. The epaxial muscles (Fig. 4- 
12a) belong to the fourth layer of trunk muscles. 
They are divided into three longitudinal muscle 
masses, each consisting of many overlapping fasci- 
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cles, and are arranged above the level of the trans- 
verse processes of the vertebrae. Dorsal branches of 
spinal nerves innervate the muscle group. 

The iliocostal muscle, m. iliocostalis, is the most 

lateral of the epaxial muscles. It extends from the 
wing of the ilium to the sixth cervical vertebra. The 
muscle consists of a lumbar part, m. iliocostalis lum- 

borum, a thoracic part, m. iliocostalis thoracis and a 

cervical part, m. iliocostalis cervicts. 

Origin: From the tuber coxae, the transverse pro- 
cesses of the lumbar vertebrae, the lumbar fascia, 

and the ribs. 
Insertion: Angle of the ribs and the transverse 

processes of 6C and 7C. 
Action: Fixation of the vertebral column during 

bilateral contraction, or lateral flexion during uni- 
lateral contraction of the muscle. 

Innervation: Dorsal branches of the thoracic and 
lumbar spinal nerves. 

Note: The lumbar part takes origin from the tu- 
ber coxae and inserts on the transverse processes of 

the lumbar vertebrae and the last rib. The thoracic 
part takes origin from the ribs, spans a few ribs and 
then inserts on the angle of the ribs. The cervical 

part comes from the ribs and inserts on the trans- 
verse processes of the last two cervical vertebrae. 

The longissimus, m. longissimus, lies medial to 

the iliocostalis muscle and is covered by the serratus 

dorsalis and splenius muscles. Its overlapping fas- 
cicles extend from the ilium to the head and are 
divided into lumbar, m. longissimus lumborum, tho- 

racic, m. longissimus thoracis, cervical, m. longissi- 

mus cervicis, and capital, m. longissimus capitis, 

parts. 
Origin: From the wing of the ilium and the spi- 

nous processes of the lumbar and thoracic vertebrae 
and from the cervical transverse processes. 

Insertion: The muscle bundles run craniolaterally 

to insert on the accessory, articular and mammil- 

lary processes, and on the ribs. The capital part in- 

serts on the mastoid process of the temporal bone. 

Action: Fixation of the vertebral column during 
bilateral contraction, or lateral flexion with unilat- 

eral contraction. The capital part extends the atlan- 
to-occipital joint. 

Innervation: Dorsal branches of the lumbar, tho- 
racic and cervical spinal nerves. 

The spinalis and semispinalis muscles, m. spinalis 

et semispinalis (Fig. 4-13), are the most medial and 
deepest of the epaxial muscle mass. The spinalis 
and semispinalis components fuse to such an extent 
in the thoracic and cervical regions that it is very 
difficult to separate and identify them individually. 
The muscle bundles extend craniolaterally from the 

thoracic region to the head and can be divided into 
thoracic, cervical, and capital parts. Its thoracic part 
is covered by the m. serratus dorsalis, the cervical 

part is covered by the m. splenius and m. longis- 
simus cervicis. The capital part, m. semispinalis cap- 

itis, consists of a dorsal biventer, m. biventer cervicis 
and a ventral complexus, m. complexus. 

Origin: From the fascia covering the lumbar part 
of the longissimus muscle, the spinous and mam- 
millary processes of the thoracic vertebrae (thoracic 
part), the transverse and spinous processes of the 
first few thoracic vertebrae, and the caudal articular 
processes of the last few cervical vertebrae (capital 
part). 

Insertion: The thoracic part inserts on the spi- 

nous processes of the thoracic vertebrae, the cer- 

vical part inserts on the spinous processes of 2—7C 

and on the median fibrous raphe of the neck, and 

the capital part inserts on the nuchal crest by means 
of a wide aponeurosis. 

Action: Bilateral contraction fixes the thoracic 
vertebral column and raises the neck (thoracic and 

cervical parts), and raises the head and neck (capital 

part). With unilateral contraction the head, neck 

and thorax are flexed laterally. 
Innervation: Dorsal branches of the cervical and 

thoracic spinal nerves. 

The longissimus, spinalis and semispinalis mus- 

cles cover the deepest (fifth) muscle layer of the 

vertebral column. The muscle layer consists of short 

muscle bundles that extend between from one spi- 
nous process to the next (mm. interspinales), from 
a transverse process to a preceding spinous process 
(mm. rotatores brevis), from a transverse process to 

a preceding spinous process, but skipping one ver- 
tebra (mm. rotatores longi), or from a transverse, 

mammillary, or articular process to a preceding spi- 

nous process, skipping at least two vertebrae (mm. 
multifidi). The interspinal muscles are the deepest 

and the multifidi muscles the most superficial (lat- 
eral) of the short muscles. In addition to the above 

mentioned, the mm. intertransversarii are a series of 

muscle bundles between the transverse processes of 
most of the vertebrae. They are considered to be 
deep segments split off from the longissimus mus- 

cles and are divided into dorsal, intermediate, and 
ventral mm. intertransversarii of the cervical, tho- 

racic, lumbar, and caudal regions. All the muscles 

are not present along the whole length of the ver- 
tebral column, and within a group, they are only 
present on some segments of the spine. Some of 
the groups extend caudally unto the tail, forming 

the dorsal muscles of the tail. Their collective func- 

tions include extension, rotation, or lateral flexion 

of the vertebral column. 
In the cranial cervical region, some of the deep 

muscles specialize in attaching the head and neck. 
They include the straight and oblique muscles of 
the head and are all situated deep to the m. semi- 

spinalis capitis. 
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Fig. 4-14. Pelvic limb of female, lateral view. 1 middle gluteal m., 2 superficial gluteus m. (cut), 3 piriform m., 4 

dorsomedial sacrococaudal m., 5 dorsolateral sacrococaudal m., 6 ventrolateal sacrocaudal m., 7 ventromedial sacrocau- 

dalis m., 8 biceps femoris m. (cut), 9 semitendinosus m., 10 semimembranosus m., 11 gastrocnemius m., 12 lateral head 

of deep digital flexor m., 13 long digital extensor m., 14 peroneus longus m., 15 cranial tibial m., 16 peroneal n., 17 
tibial n., 18 proper adductor m., 19 femoral part of the adductor brevis m., 20 ischiadic n., 21 vastus lateralis m., 22 
femorococcygeus m., 23 rectus femoris m., 24 tensor fasciae latae m., 25 iliopsoas m. 

The dorsal straight muscle of the head, m. rectus 

capitis dorsalis, extends from the axis to the occiput. 
It is the most superficial of the short muscles of the 
head. 

Origin: Muscular from the spinous process 2C. 
Insertion: The muscle has a very extensive mus- 

cular insertion on the occiput below the nuchal 
crest. 

Action: Extends the atlanto-occipital joint. 
Innervation: Dorsal branch of the first cervical 

spinal nerve. 

The lateral straight muscle of the head, m. rectus 
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capitis lateralis, extends from the atlas to the occip- 

ital bone. 
Origin: Wing of the atlas. 
Insertion: On the paracondylar process. 
Action: Flexion of the atlanto-occipital joint. 
Innervation: Ventral branches of cervical spinal 

nerves. 
The caudal oblique muscle of the head, m. obli- 

quus capitis caudalis, lies deep to the dorsal straight 
muscle. It extends craniolaterally between the axis 

and atlas. 
Origin: Spine of the axis. 
Insertion: Wing of the atlas. 
Action: Unilateral contraction rotates the atlas 

and thus the head on the axis. 
Innervation: Dorsal branches of the first two cer- 

vical spinal nerves. 
The cranial oblique muscle of the head, m. ob- 

liquus capitis cranialis, lies deep to the dorsal 
straight muscle and extends between the atlas and 

the occiput. 
Origin: Wing of the atlas. 
Insertion: Occiput, ventral to the insertion of the 

m. rectus capitis dorsalis. 

Action: Extension of the atlanto-occipital joint. 

Innervation: Dorsal branch of the first cervical 
spinal nerve. 

Hypaxial Muscles of the Trunk. These 
muscles lie ventrally along the vertebral axis and 
are innervated by ventral branches of the spinal 
nerves. They include the longus colli, longus capitis 

(see deep muscles of the ventral neck), and psoas 

(see pelvic limb) muscles. 

_ Muscles of the Ventral Neck Region. The 
muscles of the ventral neck region can be grouped 
by relation to the trachea and esophagus (superfi- 
cial muscles) and by relation to the cervical verte- 
brae (deep muscles). 

The ventral cutaneous muscles of the neck are 

continuous with the platysma and the cutaneous 

muscles of the head. 
The sternomastoideus, m. sternomastoideus (Figs. 

4-4 and 4-5b), extends from the sternum to the 

head, deep to the m. colli ventralis. 
Origin: From the manubrium of the sternum. 
Insertion: On the mastoid process of the tem- 

poral bone. 

Action: Flexes the neck. 
Innervation: N. accessorius and ventral branches 

of the cervical spinal nerves. 
The cleido-occipital, m. cleido-occipitalis (Fig. 4- 

7) (clavotrapezius of Gilbert, 1940), extends from 

the clavicle to the head, deep to the platysma. 
Origin: From the ventral surface of the clavicle. 
Insertion: On the nuchal crest of the skull. 

Innervation: Ventral branches of the cervical spi- 

nal nerves. 
The cleidomastoid, m. cleidomastoideus (Fig. 4- 

7), extends from the clavicle to the skull, deep to 

the cleido-occipital muscle. 

Origin: From the medial third of the clavicle. 
Insertion: On the mastoid process. 

Innervation: Ventral branches of the cervical spi- 

nal nerves. 
Together the cleido-occipital and cleidomastoid 

muscles can be regarded as the cleidocephalic mus- 

cle, m. cleidocephalicus. 
The scalene muscles extend from the ribs to the 

cervical vertebrae. They are well developed and 
consist of the dorsal scalene, m. scalenus dorsalis, 
and the middle scalenus, m. scalenus medius, mus- 

cles. 
Origin: The dorsal scalene muscle has a muscular 

origin from the proximal parts of the fourth and 

fifth ribs. The muscle fascicles penetrate (pass 

through) the ventral border of the m. serratus ven- 
tralis. The middle scalene muscle takes origin from 

the proximal end of the first rib. It lies dorsal to 

the brachial plexus and deep to the dorsal scalene 

muscle. 
Insertion: The dorsal scalene inserts on the wing 

of the atlas, and the middle scalene inserts on the 
transverse processes of 2—7C. 

Action: Unilateral contraction draws the neck 
sideways, bilateral contraction draws the neck ven- 

trally. When the neck is fixed the dorsal part will 

draw the fourth and fifth ribs cranially, aiding in- 

spiration. 

Innervation: Ventral branches of the cervical and 
thoracic spinal nerves. 

The longus colli, m. longus colli (Fig. 4-6), lies 

along the bodies of the cervical and cranial thoracic 

vertebrae. It consists of a series of diverging fascicles 

along the ventral surface of the first 5 thoracic ver- 
tebrae and converging fascicles along the ventral as- 
pect of the cervical vertebrae. 

Origin: The thoracic part takes origin from the 

ventral ridge of the first five thoracic vertebral bod- 
ies, whereas those in the cervical region take origin 

from the transverse processes of cervical vertebrae. 

Insertion: The fascicles of the thoracic part di- 
verge craniolaterally to insert on the ventral aspect 

of the transverse processes, whereas those of the 

cervical part converge craniomedially to insert on 
the ventral crest of the vertebral bodies. 

Action: Flexion of the neck when contracted bi- 
laterally; bending of the neck to one side when con- 
tracted unilaterally. 

Innervation: Ventral branches of the cervical spi- 

nal nerves. 
The longus capitis, m. longus capitis (Fig. 4-6), 
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lies lateral to the m. longus colli along the ventro- 
lateral aspect of the cervical vertebral bodies. 

Origin: Transverse processes of the cervical ver- 

tebrae. 
Insertion: On the muscular tubercle of the basi- 

occipital bone. 
Action: Flexion of the neck and atlanto-occipital 

joint. 
Innervation: Ventral branches of the cervical spi- 

nal nerves. 

Muscles of the Tail. The muscles of the tail 
are continuations of the muscles of the vertebral 

column. They are divided into dorsal, lateral and 
ventral tail muscles. The dorsal and ventral groups 
consist of lateral and medial muscles. 

The dorsomedial muscle of the tail, m. sacrocau- 

dalis dorsalis medialis (extensor caudae medialis of 

Bryant, 1945), is a direct continuation of the mul- 

tifidus system. 
Origin: From the dorsolateral tubercles on the 

sacrum and the caudal vertebrae. 

Insertion: Spinous processes or median tubercles 

of the sacrum and the caudal vertebrae. 

Action: Extension and lateral flexion of the tail. 

Innervation: Dorsal branches of the sacral and 

the caudal spinal nerves. 

The dorsolateral muscle of the tail, m. sacrocau- 

dalis dorsalis lateralis (extensor caudae lateralis of 

Bryant, 1945), is the largest of the dorsal tail mus- 
cles and is a direct continuation of the longissimus 
system. 

Origin: Wing and shaft of the ilium, and the ar- 

ticular processes of the sacrum and caudal verte- 

brae. 

Insertion: Spinous processes or dorsal tubercles 

of the caudal vertebrae. 

Action: Extension or lifting of the tail. 
Innervation: Dorsal branches of the sacral and 

caudal spinal nerves. 

The ventrolateral muscle of the tail, m. sacrocau- 

dalis ventralis lateralis (flexor caudae lateralis of 

Bryant, 1945), lies along the ventrolateral aspect of 
the caudal vertebrae. 

Origin: From the ventral surface of the sacrum 
and the transverse processes of the caudal vertebrae. 

Insertion: On the hemal processes or ventral tu- 

bercles of the caudal vertebrae. 

Action: Depresses the tail. 

Innervation: Ventral branches of the sacral and 

caudal vertebrae. 

The ventromedial muscle of the tail, m. sacrocau- 

dalis ventralis medialis (flexor caudae medialis of 

Bryant, 1945), lies medial to the ventrolateral tail 

muscle along the ventral midline of the tail. 
Origin: Ventral surface of the sacrum and caudal 

vertebral bodies. 
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Insertion: In common with the lateral muscle on 

the hemal processes of the caudal vertebrae. 
Action: Depresses the tail. 

Innervation: Ventral branches of the caudal spi- 
nal nerves. 

The intertransverse muscles of the tail, mm. in- 

tertransversarili caudae, are continuations of the in- 

tertransversarii of the trunk. They are divided into — 
the dorsal and ventral intertransversarius muscles 

of the tail. 

Origin: Transverse processes of the caudal ver- | 
tebrae. 

Insertion: Transverse process of the preceding 
caudal vertebra. 

Action: Lateral flexion of the tail. 
Innervation: Ventral branches of the caudal spi- 

nal nerves. 

Muscles of the Thoracic Wall. The rectus 
thoracis muscle, m. rectus thoracis, is a small muscle 
that lies ventral to the dorsal scalenus muscle on 

the cranioventral aspect of the thorax, deep to the 

m. serratus ventralis. 
Origin: Upper half of the first rib. 
Insertion: By means of an aponeurosis on the last 

three sternebrae and their costal cartilages. 
Action: Draws the rib cartilages cranially during 

inspiration. 

Innervation: Nn. intercostales. 

The intercostal muscles, 1m. intercostales, are di- 

vided into external, mm. intercostales externi, and 

internal, mm. intercostales interni, layers, arranged 

at right angles to each other. The fibers of the ex- 
ternal layer run caudoventrally, and those of the 
internal layer run cranioventrally. During inspira- 
tion the ribs are pulled forward and outward, thus 

expanding the thoracic cavity. On expiration the 

ribs are pulled caudally and medially, therefore de- 
creasing the thoracic space. Elevation and depres- 

sion of the ribs is a result of the position of the 
articular surfaces of the heads and the tubercles of 

the ribs. 
The external and internal intercostal muscles 

arise and insert on the margins of adjacent ribs. 
Action: When the intercostal contract, they pull 

the ribs together. When the scalenes contract and 
fix the rib cage cranially, the action of both inter- 

costal muscles aids inspiration. When the rib cage 

is fixed caudally the intercostals aid expiration. 
Innervation: Nn. intercostales (ventral branches 

of the thoracic spinal nerves). 

The transverse thoracic muscle, m. transversus 
thoracis, lies on the dorsal (inner) surface of the 

sternum and on the costal cartilages on the floor of 

the thorax. 
Origin: Dorsal surface of the sternum. 
Insertion: Costal cartilages. 
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Action: They draw the rib cartilages caudally 

during expiration. 
Innervation: Nn. intercostales. 
The diaphragm, diaphragma (Fig. 4-13), sepa- 

rates the thoracic cavity from the abdominal cavity. 
It looks like a muscular fan attached on the inner 
surface of the ribs, sternum, and abdomen. The fi- 
brous central portion, centrum tendineum, lacks 

muscle. The muscular part is divided into lumbar, 
costal, and sternal parts. 

The lumbar part, pars Jumbalis, consists of right 

and left crura, crus dextrum et sinistrum, that are 
tendinous at their origins and become muscular as 

they fan out. From their origins on the ventral sur- 
face of lumbar vertebrae the crura extend craniola- 
terally and ventrally, forming a lumbocostal arch, 
arcus lumbocostalis, between the cranial lumbar and 
caudal costal regions. Dorsal to the arch (between 
the last rib and the dorsal border of the diaphragm) 
is a small, triangular area free of muscle. Pleura and 
peritoneum forms the only separation between the 
thorax and abdomen in the latter area. The abdom- 
inal aorta passes between the two crura through the 
aortic hiatus, hiatus aorticus. The esophagus passes 
through the esophageal hiatus, hiatus esophageus in 
the right crus. 

The costal part, pars costalis, originates from the 

costal arch, and the sternal part, pars sternalis, orig- 

inates from the xiphoid. 

The muscle fibers of the three parts converge to 

form a large fibrous tendinous center, centrum ten- 

dineum. The caudal vena cava passes through an 
opening, foramen venae cavae, in the tendinous 
center. 

Origin: The lumbar part has a tendinous origin 
from the vertebral bodies of the first and second 
lumbar vertebrae. The costal part has a muscular 
origin from the costal arch and costal cartilages. 
The sternal part has a muscular origin from the last 
sternebra and xiphoid cartilage. 

Insertion: On the centrum tendineum. 
Action: Inspiration. 

Innervation: N. phrenicus. 

Muscles of the Abdominal Wall. The ex- 
ternal oblique abdominal muscle, m. obliquus ex- 
ternus abdominis (Figs. 4-1 and 4-2), forms the out- 
er muscular layer of the abdominal wall. Its muscle 
fibers extend caudoventrally from the thorax to the 
pelvis and to the floor of the abdomen. The muscle 
inserts by means of a broad aponeurosis. The cau- 
dal border of the aponeurosis (between the tuber 
coxae and the pubis) is thickened to form a strong 
inguinal ligament. Just cranial to the pubis, the 

muscular part separates from the aponeurosis to 
form a longitudinal slit (approximately 3 cm long). 
The slit represents the external or superficial ring 

of the inguinal canal (the lateral border of the ring 
is muscular, the medial wall aponeurotic). 

Origin: Muscular from the last nine ribs, from 

the first six fascicles interdigitating with those of the 
m. serratus ventralis, and from the last three fas- 

cicles interdigitating with those of the m. serratus 
dorsalis, and by means of an aponeurosis from the 
lumbar fascia. 

Insertion: By means of a wide aponeurosis on the 
linea alba (superficial to the m. rectus abdominis), 
the xiphoid cartilage, the pubis (prepubic tendon), 
and the tuber coxae. 

Action: Compresses the abdomen and supports 
the abdominal viscera. 

Innervation: Ventral branches of the caudal tho- 
racic and the lumbar spinal nerves. 

The internal oblique abdominal muscle, m. ob- 
liquus internus abdominis, lies deep to the external 
oblique. Its fibers extend cranioventrally from the 
tuber coxae to the thorax and the abdominal floor. 
Its aponeurosis passes superficial to the m. rectus 
abdominis, except for the cranial quarter where it 
passes deep to it. 

Origin: Muscular from the tuber coxae, the in- 

guinal ligament, and the lumbar fascia. 
Insertion: By means of an aponeurosis on the 

linea alba and the costal arch. It also has a muscular 
insertion on the last rib and on the proximal part 
of the costal arch. 

Action: Compresses the abdomen and supports 

the abdominal viscera. 

Innervation: Ventral branches of the caudal tho- 
racic and the lumbar spinal nerves. 

The transverse abdominal muscle, m. transversus 

abdominis, is an extensive muscle that lies deep to 

the internal oblique. Its fibers extend transversely 

between the lumbar region and the floor of the ab- 
domen. Cranial to the pubis the caudal border of 
the muscle extends onto the tunica vaginalis of the 
testis (Fig. 4-2). It forms a loop around the tunic 

that is the external cremaster muscle. 

Origin: Muscular from the inguinal ligament, tu- 
ber coxae, and by means of an aponeurosis from 

the lumbar fascia. 

Insertion: By means of an aponeurosis on the 

linea alba, and muscular on the costal arch and the 
cartilage of the seventh rib. The cranial three quar- 
ters of the aponeurosis passes deep to the m. rectus 

abdominis, whereas the caudal quarter passes su- 

perficial to the rectus muscle. 
Action: Compresses the abdomen and supports 

the abdominal viscera. 

Innervation: Ventral branches of the caudal tho- 
racic and the lumbar spinal nerves. 

The straight abdominal muscle, m. rectus abdom- 
inis, extends from the pubis to the sternum along 

the floor of the abdomen. It is divided into seg- 
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ments by transverse fibrous bands or intersections. 
The external surface of the cranial three-quarters of 
the muscle is covered by the aponeuroses of the 
oblique abdominal muscles. The caudal quarter is 
covered by the aponeuroses of the oblique and 
transverse abdominal muscles. 

Origin: Muscular from the first rib, the costal 
cartilage, and the manubrium of the sternum. 

Insertion: Muscular on the pecten of the pubis 

and on the prepubic tendon. 
Action: Compresses the abdomen and supports 

the abdominal viscera. 
Innervation: Ventral branches of the thoracic and 

lumbar spinal nerves. 
The inguinal canal, canalis inguinalis, is a con- 

nective-tissue-filled space between the caudal parts 
of the oblique abdominal muscles. The canal lies 

cranial to the pubis and lateral to the rectus ab- 

dominis muscle. It serves as the canal for the pas- 

sage of the vaginal process and the testicle of the 
male animal. In the female animal it contains the 
external pudendal vessels and nerves. The canal has 
a deep inguinal ring, anulus inguinalis profundus, 
and a superficial inguinal ring, anulus inguinalis su- 
perficialis. 

The inguinal ligament forms the lateral and cau- 

dal borders of the deep inguinal ring, the caudal 

border of the internal oblique abdominal muscle 
forms the cranial border, and the rectus abdominis 

muscle forms the medial border. Furthermore, the 

transverse abdominal muscle forms a loop around 

the proximal part of the tunica vaginalis. 

The superficial ring or opening is a longitudinal 
slit, approximately 3 cm long, along the junction of 

the external oblique abdominal muscle and its apo- 

neurosis (Fig. 4-2). The caudal part of the super- 
ficial opening lies directly over the deep opening. 

PERINEUM 

The pelvic diaphragm is the vertical, muscular 

closure of the pelvic outlet through which the rec- 

tum and urogenital tract passes. The coccygeus and 
levator ani muscles form the lateral walls of the 

pelvic diaphragm. The rest of the perineal muscles 

are associated with the terminal portions of the di- 
gestive and the urogenital tracts. 

The coccygeal muscle, m. coccygeus, is fan 

shaped, narrow at its origin and wide at its inser- 
tion. It lies deep to the gluteal and caudal thigh 
muscles. 

Origin: From the caudal, pointed area on the il- 
lac crest. 

Insertion: Ventrolaterally on the transverse pro- 
cesses of the first three caudal vertebrae. 

Action: Depresses the tail. 

Innervation: N. sacralis. 

Anatomy of the Woodchuck, Marmota monax 

The levator ani muscle, m. levator ani, extends 

from the floor of the pelvis to the tail. It lies medial 

to the m. coccygeus and consists of the iliocaudalis — 
muscle, m. iliocaudalis, and the pubocaudalis mus- 

cle, m. pubocaudalis. The obturator nerve passes | 
through the fleshy body of the m. pubocaudalis. 

Origin: The m. iliocaudalis takes origin from the 
ischial arch, medial to the origin of the coccygeus. 
The m. pubocaudalis takes origin from the pecten 
of the pubis, dorsal to the internal obturator mus- 

cle. 
Insertion: The m. iliocaudalis muscle has a fascial 

attachment on the m. sacrocaudalis medialis at the 
————————— 

level of the seventh caudal vertebra, the m. pubo- © 
caudalis inserts on the hemal process of the fourth — 
caudal vertebra. 

Action: Depresses the tail. 

Innervation: Ramus musculi levatoris ani. 

The external anal sphincter, m. sphincter ani ex- 
ternus (Figs. 4-2 and 4-15), is a circular, striated | 

muscle encircling the terminal two to three cm of 
the digestive tract. It does not have any skeletal at- 
tachments. The cranial part of the muscle passes 
ventrally, deep to the m. bulbospongiosus, to attach — 
on the fascia of the bulb of the penis. It gives rise 
to the retractor penis muscle. 

Innervation: N. rectalis caudalis. 
The bulbospongiosus muscle, m. bulbospongiosus 

(Fig. 4-2), is represented by muscle bundles that 

pass laterally over the slip of the external anal 
sphincter that inserts on the bulb of the penis. It is | 
not present in the female. 

Origin: Dorsolaterally from the fascia of the bul- 
bus penis. 

Insertion: Caudoventrally on the bulb of the pe- 

nis, in common with the muscle from the opposite 

side. 
Action: Compresses the penile bulb. 
Innervation: N. perinealis profundus. 

The ischiocavernous muscle, m. ischiocavernosus, 

is a large, well-developed muscle that covers the 
crura of the penis in the male. In females the mus- 
cle covers the crura of the clitoris, but it is very | 

small. 
Origin: Caudomedial on the tuber ischii. 

Insertion: On the tunica albuginea of the crus | 
penis. 

Action: Compresses the crus penis. 

Innervation: N. perinealis profundus. 

The retractor penis muscle, m. retractor pents, ex- 
tends from the anal sphincter to the flexure of the 
penis. 

Origin: Ventral margin of the anal sphincter 
muscle. 

Insertion: On the tunica albuginea of the penis. 
Action: Retracts the penis. 
Innervation: N. perinealis profundus. 

é 

' 
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Fig. 4-15. Pelvic limb of female, medial view. 1 iliocaudalis m., 2 pubocaudalis m., 3 ventromedial sacrocaudalis m., 4 

obturator n., 5 internal iliac a., 6 common iliac a., 7 tendon of psoas minor m., 8 psoas major m., 9 external iliac a., 10 

rectus abdominis m., 11 tensor fasciae latae m., 12 sartorius m., 13 pectineus m., 14 gracilis m. (cut), 15 adductor longus 

m., 16 rectus femoris m., 17 vastus medialis m., 18 adductor brevis m., 19 sartorius m. (cut), 20 gracillis m. (distal cut 

end), 21 medial head of the deep digital flexor m., 22 tendon of superficial digital flexor m., 23 gastrocnemius m., 24 
semitendinosus m., 25 semimembranosus m., 26 insertion of the m. internal oblique abdominal m. onto symphysis of 

pelvis, 27 anal sinus, 28 constrictor vestibuli m., 29 external anal sphincter m., 30 vagina, 31 rectum, 32 pelvic symphysis 
(cut). 

The constrictor vestibuli muscle, m. constrictor 

vestibuli, extends from the ventral surface of the 

anal sphincter, around the lateral border of the vag- 

inal vestibule of the female. 

Origin: Ventral border of the external anal 
sphincter muscle. 

Insertion: The muscles from the left and right 
sides meet ventral to the vestibule and insert on the 

surrounding fascia. 
Action: Constricts and elevates the vaginal ves- 

tibule. 

Innervation: N. perinealis profundus. 

PELVIC LIMB 

Sublumbar Muscles. The sublumbar mus- 
cles function as flexors of the hip joint. They extend 
from the sublumbar region to the medial aspect of 
the thigh. 

The major psoas muscle, m. psoas major (Fig. 4- 
15), extends from the sublumbar region to the me- 
dial aspect of the thigh. 

Origin: From the ventrolateral aspect of all the 
lumbar vertebral bodies. 

Insertion: On the trochanter minor of the femur. 
Action: Flexion of the hip and lateral rotation of 

the femur. 
Innervation: Ventral branches of the lumbar spi- 

nal nerves. 
The iliacus muscle, m. iliacus, lies on the wing 

and the shaft of the ilium, and joins the major pso- 
as muscle to form a common iliopsoas muscle. 

Origin: From the wing and cranioventral border 
of the shaft of the ilium. 

Insertion: In common with the psoas major mus- 
cle on the trochanter minor of the femur. 

Action: Flexion of the hip and medial rotation of 
the femur. 

Innervation: Ventral branches of the lumbar spi- 
nal nerves. 

The minor psoas muscle, m. psoas minor (Fig. 4- 
14), lies medial to the m. psoas major in the sub- 
lumbar region. 

Origin: From the ventromedial aspect of the ver- 
tebral bodies of 10T—7L. 

Insertion: On the psoas tubercle of the ilium. 
Action: Flexes the lumbar part of the vertebral 

column and the sacro-pelvic joint. 
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Innervation: Ventral branches of the lumbar spi- 

nal nerves. 

Muscles of the Hip. The hip muscles act as 
extensors, rotators, or abductors of the hip joint. 

The superficial gluteal muscle, m. gluteus super- 
ficialis (Fig. 4-1 and 4-14) (gluteus maximus of Bry- 
ant, 1945), is the most superficial muscle of the 

gluteal region. The muscle extends from the pelvis 

and sacrum to the lateral aspect of the thigh, cov- 
ering the middle and deep gluteal muscles. 

Origin: From the tuber coxae, gluteal fascia and 
the sacrum, and from the transverse processes of 

the caudal vertebrae. 
Insertion: Trochanter tertius of the femur. 
Action: Extension of the hip joint. 
Innervation: N. gluteus caudalis. 
The middle gluteal muscle, m. gluteus medius 

(Figs 4-1 and 4-14), is a large and powerful muscle 
mass that fills most of the area between the ilium, 

the sacrum and the hip. It lies deep to the super- 
ficial gluteal muscle. The origin of the muscle is 
extensive, and its caudal part curls laterally around 

the dorsolateral muscle of the tail to reach the lat- 
eral aspect of the sacrum. 

Origin: From the area dorsal to the linea glutea 
on the wing of the ilium, gluteal fascia, as well as 
from the ventrolateral aspect of the sacrum. 

Insertion: Trochanter major. 

Action: Extends the hip joint. 

Innervation: N. gluteus cranialis. 
The deep gluteal muscle, m. gluteus profundus 

(gluteus minimus of Bryant, 1945), lies deep to the 

middle gluteal muscle and is the deepest of the glu- 
teal muscles. 

Origin: From the area ventral to the linea glutea 
on the wing of the ilium. 

Insertion: Trochanter major, cranial and deep to 

the insertion of the gluteus medius muscle. 
Action: Extends and abducts the hip. 

Innervation: N. gluteus cranialis. 
The piriform muscle, m. piriformis (Fig. 4-14), is 

fused to the caudal border of the middle gluteal 
muscle. 

Origin: Via the caudal fascia from the median 
sacral spine. 

Insertion: On the caudal border of the trochanter 
major. 

Action: Extension of the hip. 

Innervation: N. gluteus caudalis. 

The tensor fascia lata muscle, m. tensor fasciae 

latae (Figs. 4-1, 4-14 and 4-15) is a triangular mus- 
cle that forms the cranial, craniolateral and crani- 
omedial borders of the proximal thigh. 

Origin: Tuber coxae and the ventral margin of 

the wing of the ilium (between the m. iliacus me- 

dially and the m. gluteus medius laterally). 
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Insertion: On the femoral fascia cranially and lat- 
erally on the thigh, as well as on the trochanter 
tertius of the femur. 

Action: Flexion of the hip and extension of the 
knee joints. 

Innervation: N. gluteus cranialis. 
The gemelli muscles, mm. gemelli, lie caudal to 

the deep gluteal muscle and deep to all the muscles 
that take origin from the sacrum and tail. Two 
muscles are present, one cranial (gemellus superior 
of Bryant, 1945) and one caudal (gemellus inferior 
of Bryant, 1945) to the tendon of the internal ob- 

turator muscle. 
Origin: From the iliac crest and outer surface of 

the ramus of the ischium. 
Insertion: Proximally in the trochanteric fossa. 
Action: Outward rotation of the hip joint. 

Innervation: N. ischiadicus. 
The internal obturator muscle, m. obturatorius 

internus, lies on the floor of the pelvis, internally 
covering the obturator foramen of the pelvis. It is 
covered by the pubic part of the m. levator ani. Its 
tendon passes over the lessor sciatic notch, sepa- 

rating the two parts of the m. gemelli superficially. 
A synovial bursa is present under the tendon where 
it passes over the lessor sciatic notch. 

Origin: From the intrapelvic part of the symphy- 
sis of the pelvis. 

Insertion: The tendon of insertion passes over 
the lesser ischiatic notch to insert in the trochan- 
teric fossa, just proximal to the insertion of the m. 
gemelli. 

Action: Outward rotation of the hip joint. 
Innervation: N. ischiadicus. 
The external obturator muscle, m. obturatorius 

externus, lies along the ventral (external) surface of 
the pelvis, deep to the pectineus and adductor mus- 
cles. It covers the obturator foramen externally. 

Origin: Outer surfaces of the pubis and ischium 
around the obturator foramen. 

Insertion: In the trochanteric fossa, distal to the 
insertion of the m. gemelli. 

Action: Outward rotation of the hip joint. 
Innervation: N. obturatorius. 

The quadratus femoris muscle, m. quadratus fe- 
moris, is the most caudal of the hip rotator muscles. 
It extends from the ischium to the femur, deep to 
the caudal thigh muscles. 

Origin: Tuber ischii and the ramus of the ischi- 
um (from the arcus ischiadicus). 

Insertion: Caudally on the area between the ma- 
jor and third trochanters. 

Action: Extension and outward rotation of the 
hip. 

Innervation: N. ischiadicus. 

Medial Thigh Muscles (Adductors of the 
Limb). The sartorius muscle, m. sartorius (Figs. 
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4-2 and 4-15), is a very thin, strap-like muscle, on 

the craniomedial aspect of the thigh, superficially 
and covers the saphenous vessels and nerves. 

Origin: From the fascia over the iliopsoas muscle 
and the inguinal ligament. 

Insertion: On the fascia over the medial aspect 

of the tibial tuberosity and cranial tibial margin. 
Action: Flexion of the hip and knee. 

Innervation: N. femoralis. 
The gracilis muscle, m. gracilis (Figs. 4-2 and 4- 

15), consists of a narrow cranial part and a broad 

caudal part. Together they form most of the super- 

ficial musculature on the medial aspect of the thigh. 
Origin: The cranial belly takes origin from the 

cranial part of the pelvic symphysis, the caudal belly 

takes origin from the pelvic symphysis and ischial 

arch, caudal to the origin of the cranial belly. 
Insertion: The cranial part inserts on the tibial 

tuberosity and the cranial tibial margin, whereas 

the caudal part inserts on the cranial tibial margin 
by means of a short aponeurosis. 

Action: Adducts the limb and flexes the knee. 
Innervation: N. obturatorius. 

The pectineus muscle, m. pectineus (Fig. 4-15), is 
small, triangular and is the most cranial of the me- 
dial thigh muscles. 

Origin: Pecten of the pubis. 
Insertion: On the caudomedial aspect of the 

proximal shaft of the femur. 
Action: Adducts the thigh. 

Innervation: N. obturatorius. 
The adductor muscle, m. adductor, is a large, 

complex muscle that consists of five different parts. 

Most of the muscle is covered superficially by the 
m. gracilis. The nomenclature used here is based 
on Hill (1937). 

The long adductor muscle, m. adductor longus 
(Fig. 4-15), lies immediately caudal to the pectineus 
muscle. 

Origin: Cranial edge of the ramus of the pubis 
and from the cranial part of the pelvic symphysis, 
just caudal to the origin of the m. pectineus. 

Insertion: On the caudomedial border of the 
shaft of the femur, distal to the insertion of the m. 
pectineus. 

Action: Adducts the limb. 
Innervation: N. obturatorius. 
The genicular part of the short adductor muscle, 

m. adductor brevis pars genicularis, lies caudal to the 
long adductor. 

Origin: From the lateral aspect of the pelvic sym- 

physis and the ischial arch ventral to the tuber is- 
chii. 

Insertion: On the caudomedial border of the dis- 
tal half of the femur, including the medial epicon- 
dyle. 

Action: Adducts the limb. 

Innervation: N. obturatorius. 

The small adductor muscle, m. adductor mini- 
mus, lies ventral to the quadratus femoris muscle 

and deep to the semitendinous and femorocaudalis 
muscles. 

Origin: From the ventral aspect of the pelvic 
symphysis, lateral to the origin of the m. gracilis. 

Insertion: On the caudal part of and just distal 
to the trochanter tertius. 

Action: Adducts the limb. 
Innervation: M. obturatorius. 
The proper adductor muscle, m. adductor mag- 

nus proprius (Figs. 4-14 and 4-15), lies just distal to 

the adductor minimus, covered laterally by the 
semitendinous and femorocaudalis muscles. 

Origin: From the angle between the pelvic sym- 

physis and the ischial arch (ventral ischial tuber- 
osity). 

Insertion: Caudally on the shaft of the femur, 

from the trochanter tertius to just above the lateral 
epicondyle. 

Action: Adducts the limb and rotates the hip in- 
ward. 

Innervation: N. obturatorius. 
The femoral part of the short adductor, m. ad- 

ductor brevis pars femoralis (Fig. 4-15), lies just dis- 

tal to the m. adductor magnus proprius, covered 

laterally by the semitendinous and the femorocau- 

dalis muscles. 
Origin: From the lateral aspect of the pelvic sym- 

physis, deep to the origin of the m. gracilis and 
superficial to the m. adductor minimus and the ad- 
ductor magnus proprius. 

Insertion: Medial border of the shaft of the fe- 
mur to the level of the medial condyle. 

Action: Adducts the limb. 

Innervation: N. obturatorius. 

Caudal Thigh Muscles. The caudal thigh 
muscles are very powerful and function as extensors 
of the hip (retractors of the limb) and of the knee 

joints when the foot is on the ground. They also 
act as flexors of the knee when the limb does not 
carry weight. From their origins, the muscles fan 
out distally so that they have a very extensive in- 
sertion on the lateral aspect of the thigh and crus. 

The femoral biceps muscle, m. biceps femoris 
(Figs. 4-1 and 4-14), forms most of the caudolateral 

muscle mass of the thigh. 
Origin: Laterally from the tuber ischii. 
Insertion: Via a broad aponeurosis on the patella, 

the patellar ligament and on the craniomedial mar- 

gin of the tibia to the ankle. It also attaches to the 
calcanean tendon and the tuber calcanei. 

Action: Extends the hip, knee and ankle joints, 

and retracts the limb. 
Innervation: N. ischiadicus. 
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The caudal abductor of the crus, m. abductor 

cruris caudalis (tenuissimus of Bryant, 1945), is a 
thin, strap-like muscle situated on the medial 
(deep) surface of the m. biceps femoris. It extends 
from the base of the tail to the ankle. 

Origin: From the fascia covering the dorsolateral 
muscle of the tail. 

Insertion: On the fascia over the lateral aspect of 
the distal crus and ankle. 

Action: Abducts the limb. 
Innervation: N. ischiadicus. 
The femorococcygeal muscle, m. femorococcygeus 

(Fig. 4-14), lies deep to the superficial gluteal mus- 
cle cranially and the vertebral head of the m. sem- 
itendinosus caudally. 

Origin: Muscular from the transverse processes 

of the first and second caudal vertebrae and via the 
gluteal fascia from the articular and spinous pro- 
cesses of the first caudal vertebra. 

Insertion: Between the m. vastus lateralis and the 

adductor on the distal caudomedial border of the 
shaft of the femur. 

Action: Extends the hip joint and retracts the 
limb. 

Innervation: N. ischiadicus. 

The femorocaudal muscle, m. femorocaudalis, ex- 
tends from the pelvis to the femur, deep to the m. 

femorococcygeus and m. biceps femoris. It covers 

the lateral aspect of the adductor muscles. 

Origin: Craniolaterally from the tuber ischii. 
Insertion: It has a muscular insertion in common 

with, but deep to, the femorococcygeus muscle on 
the distal caudolateral border of the femur up to, 

but not including, the lateral epicondyle. 
Action: Extends the hip joint and retracts the 

limb. 

Innervation: N. ischiadicus. 

The semitendinous muscle, m. semitendinosus 
(Figs. 4-1, 4-14 and 4-15), consists of vertebral and 

pelvic heads. The vertebral head covers the caudal 

parts of the superficial gluteal and the femorococ- 
cygeal muscles. The muscle is the most superficial 

muscle on the caudal aspect of the gluteal region. 
Origin: The vertebral head takes origin from the 

gluteal fascia and from the spinous processes of the 
sacral and the caudal vertebrae. The pelvic head 
takes origin from the lateral aspect of the tuber is- 
chii, just caudal to the origin of the biceps femoris 
muscle. 

Insertion: By means of an aponeurosis on the 
medial aspect of the cranial tibial margin, deep to 
the insertion of the m. gracilis. 

Action: Extension of the hip, knee and ankle 
joints, or flexion of the joints when the limb is not 
bearing weight. 

Innervation: N. ischiadicus. 
The semimembranous muscle, m. semimembra- 
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nosus (Figs. 4-1, 4-14 and 4-15), lies between the 

semitendinous and the adductor muscles on the 

caudal aspect of the thigh. 
Origin: From the tuber ischii and the ischial arch. © 
Insertion: By means of a short, flat tendon on — 

the medial aspect of the tibial tuberosity. 
Action: Extension of the hip and knee joints. It 

is a large and powerful retractor of the limb. 
Innervation: N. ischiadicus. 

Cranial Thigh Muscles. The cranial thigh 
muscles extend from the pelvis and femur to the 
patella and function as extensors of the knee joint. 

The quadriceps femoris muscle, m. quadriceps fe- 
moris (Figs. 4-14 and 4-15), lies cranial on the shaft | 

of the femur. It consists of the three vastus muscles — 
and the rectus femoris muscle that are largely fused | 
to each other. The muscle mass converges to form | 
a single patellar ligament that inserts on the tibial — 
tuberosity and the cranial tibial margin. The patella | 
is interposed in the ligament. The quadriceps mus- 

cle is a powerful extensor of the knee joint. 

The vastus lateralis muscle, m. vastus lateralis — 

(Fig. 4-14), is the most lateral of the quadriceps 
muscles. It lies deep to the m. biceps femoris and | 
is partly covered by the thick fascia lata of the fem- 
oral region. 

Origin: Proximal part of the femur (the area | 
bounded laterally by the neck, trochanter major — 
and trochanter tertius). 

Insertion: On the tibia. 

Action: Extends the knee joint. 

Innervation: N. femoralis. 
The vastus intermedius muscle, m. vastus interme- 
dius, lies cranially on the shaft of the femur and is 

the deepest of the cranial thigh muscles. 
Origin: Cranial aspect of the shaft of the femur. 
Insertion: On the tibia. 
Action: Extends the knee joint. 
Innervation: N. femoralis. 

The vastus medialis muscle, m. vastus medialis 
(Fig. 4-15), is bordered cranially by the m. rectus 
femoris and caudally by the adductor muscle. It is 

also covered by the thin m. sartorius. 
Origin: Caudomedial border of the shaft of the 

femur. 

Insertion: On the tibia. 
Action: Extends the knee joint. 

Innervation: N. femoralis. 

The rectus femoris muscle, m. rectus femoris (Fig. 
4-14), extends from the pelvis to the patella. It lies 
between the lateral and medial vastus muscles and 
superficial to the m. vastus intermedius. Its proxi- 
mal part is covered by the m. tensor fasciae latae. 

Origin: From the rectus femoral muscle area of 

the ilium. 
Insertion: On the tibia. 
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Action: Extends the knee joint. 

Innervation: N. femoralis. 

Muscles of the Crus. All the muscles of the 
ankle and digits are arranged around the crus. They 
are covered by a very thick layer of fascia, the fascia 
cruris, which gives off sheets of fascia between the 
muscles, separating them from each other. The ex- 
tensors of the ankle and flexors of the digits lie 
caudally and the flexors of the ankle and extensors 
of the digits lie cranially on the crus. The term fi- 

bularis is used in preference to peroneus to describe 
the muscles associated with the lateral or fibular 
aspect of the crus. 

The popliteal muscle, m. popliteus, lies deep to 
the medial head of the gastrocnemius muscle on 
the caudal aspect of the crus. Its tendon of origin 
passes between the lateral collateral ligament of the 
knee and the lateral meniscus and has a synovial 

sheath. 
Origin: From the popliteal fossa on the lateral 

condyle of the femur. 
Insertion: On the proximal caudal surface of the 

tibia. 
Action: Limited extension of the knee jont and 

inward rotation of the leg. 

Innervation: N. tibialis. 

Extensors of the Ankle Joint. The gastroc- 

nemius muscle, m. gastrocnemius (Figs. 4-1 and 4- 

14), extends from the distal femur to the calcaneus. 

It consists of two muscle bellies that take origin 

from the corresponding condyles of the femur. The 

fabellae or sesamoid bones lie within the tendons 
of origin of the muscles and articulate with the 

femoral condyles. The medial head has a lateral and 

a medial part. 

Origin: The lateral part of the medial head takes 
origin from the tendon of origin of the superficial 
digital flexor muscle as well as from the lateral head 
of the gastrocnemius muscle. The medial part takes 
origin from the medial femoral condyle. 

Lateral head takes origin from the lateral femoral 
condyle. 

Insertion: On the calcaneal tuber. A small bursa 
is present between the tendon and the tuber. 

Action: Extension of the ankle joint. 

Innervation: N. tibialis. 

The caudal tibial muscle, m. tibialis caudalis, lies 
cranial to the deep digital flexor and distally to the 

popliteus muscles along the caudomedial border of 
the tibia. Its tendon of insertion passes caudally 

around the malleolus of the tibia, cranial to that of 
the medial digital flexor muscle and then along the 
medial aspect of the plantar sesamoid bone to the 
metatarsus. 

Origin: From the head and caudomedial aspect 
of the proximal third of the fibula. 

Insertion: Medial on the proximal end of the first 
metatarsal bone. 

Action: Flexion of the ankle joint. 

Innervation: N. tibialis. 
The soleus muscle, m. soleus, lies deep to the lat- 

eral head of the gastrocnemius muscle and is not 

visible proximally. Distally it lies deep to the tendon 

of the lateral head of the gastrocnemius muscle. 
The muscular belly extends to the tuber calcis. 

Origin: Head of the fibula. 
Insertion: Via the tendon of the lateral head of 

the gastrocnemius muscle on the calcaneal tuber. 

Action: Extends the ankle joint. 
Innervation: N. tibialis. 

Flexors of the Ankle Joint. The cranial tibial 

muscle, m. tibialis cranialis (Figs. 4-2 and 4-14), is 

a broad, flat muscle that forms the cranial muscular 
margin of the crus. The muscle belly extends from 
the proximal tibia to the ankle where it abruptly 

becomes tendinous. At this point the tendon is held 

in position by an annular ligament. From the an- 

nular ligament the tendon passes distomedially to 

insert on the metatarsus. 

Origin: From the head of the fibula, the lateral 

condyle of the tibia and the cranial tibial margin. 

Insertion: On the medioplantar aspect of the first 

metatarsal bone. 
Action: Flexion of the ankle joint and lateral ro- 

tation of the pes. 

Innervation: N. fibularis. 
The long peroneal (fibular) muscle, m. peroneus 

(fibularis) longus (Fig. 4-14), extends from the knee 

to the ankle. Proximally it lies caudal to the m. 
tibialis cranialis and distally caudal to the m. fibu- 
laris brevis. 

Origin: Head and proximal half of the shaft of 
the fibula. 

Insertion: The tendon passes through the mal- 
leolar groove of the fibula, then through a groove 
between the fifth tarsal and metatarsal bones where 
it turns medially and passes transversely, deep to 

the deep digital flexor muscle, to insert on the first 

tarsal bone. 
Action: Medial rotation of the hind paw so that 

the plantar surface faces laterally. 
Innervation: N. fibularis. 
The short peroneal (fibular) muscle, m. peroneus 

(fibularis) brevis, lies laterally on the leg and is only 
visible in the distal half of the crus, caudal to the 

long digital extensor muscle. It takes origin lateral 

to the origin of the extensor muscle of the first 

digit. 

Origin: It has a fascial origin from the fibular 
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head and a muscular origin from the whole cranial 

border of the shaft of the fibula. 
Insertion: The tendon passes through the groove 

of the fibular malleolus, deep to the tendon of the 

m. fibularis longus, to insert on the proximal lateral 
aspect of the fifth metatarsal bone. 

Action: Flexion of the ankle joint. 
Innervation: N. fibularis. 

Extensors of the Digits. The long extensor 
of the digits, m. extensor digitorum longus (Fig. 4- 
14), lies caudolateral to the m. tibialis cranialis. 

Proximally it is covered by the tibialis muscle and 
is only visible in the distal part of the crus. It ex- 
tends from the knee to the digits. At the ankle the 
tendon is held in position by the annular ligament 
of the cranial tibial muscle. The tendon of the mus- 
cle divides into lateral and medial branches. The 
lateral branch divides to insert on digits HI-V, and 
the medial branch divides to insert on digits H—HI. 

Origin: By means of a tendon from the extensor 
fossa on the lateral condyle of the femur. 

Insertion: On the extensor processes of the distal 
phalanges of digits II-V. 

Action: Extension of digits II-V. 
Innervation: N. fibularis. 
The extensor of the fifth digit, m. extensor digiti 

V (extensor digitorum brevis of the fifth digit of 
Bryant, 1945), lies caudal to the m. fibularis brevis, 

deep to the m. fibularis longus and proximal to the 
extensor of the fourth digit. Its tendon of insertion 
passes around the fibular malleolus, deep to the 

tendon of the long digital extensor. At the malle- 
olus the tendon lies lateral to the tendon of the m. 
extensor digiti IV. 

Origin: Proximal quarter of the fibula. 
Insertion: On the lateral aspect of the extensor 

process of the third phalanx of digit five. 
Action: Extends the fifth digit. 

Innervation: N. fibularis. 

The extensor of the fourth digit, m. extensor digiti 
IV (extensor digitorum brevis of the fourth digit of 
Bryant, 1945), is a long, slender muscle that lies 
caudal and deep to the m. fibularis brevis. Its ten- 
don of insertion passes through the groove of the 

fibular malleolus, deep to the tendon of the m. fi- 
bularis brevis. 

Origin: From the distal fibular shaft (third quar- 
ter), caudal to the origin of the m. fibularis brevis. 

Insertion: On the lateral aspect of the extensor 

process of the third phalanx of digit four. 
Action: Extends the fourth digit. 
Innervation: N. fibularis. 

The extensor of the first digit, m. extensor digiti 
I (extensor hallucis longus of Bryant, 1945), is an 

independent muscle and is not part of the long dig- 
ital extensor. It lies deep to the m. tibialis cranialis. 
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Distally the muscle belly is held down by the an- | 
nular ligament of the cranial tibial muscle. 

Origin: From the cranial aspect of the middle | 
third of the fibula. 

Insertion: On the dorsal aspect of the second 
phalanx of the first digit. 

Action: Extension of the first digit. 
Innervation: N. fibularis. 

Flexors of the Digits. The superficial digital 
flexor muscle, m. flexor digitorum superficialis (Fig. 
4-15), lies caudal to the lateral head of the m. gas- 
trocnemius. Its medial border lies deep to the medial — 

head of the m. gastrocnemius. The tendon of the 
superficial digital flexor muscle twists from medial — 
to lateral around the tendon of the m. gastrocne- | 

mius, and forms part of the common calcaneal ten- 

don. A large synovial bursa is present between the 
tendon and the tuber calcis. Distal to the calcaneus | 

the tendon divides into a superficial part that ex- 
tends to the level of the metatarsus, and a deep part | 
that extends to the middle phalanges of the digits. | 
At the metatarso-phalangeal joints the tendons di- 
vide and form synovial sheaths (manicum flexorium) 
around the deep digital flexor tendons. 

Origin: In common with the lateral head of the | 

gastrocnemius muscle from the caudal aspect of the 
femur. 

Insertion: The tendon attaches laterally and me- 
dially on the tuber calcis as it passes over the ankle | 
and then divides into superficial and deep parts. 
The superficial part fans out into the tarsal and | 

metatarsal pads. The deep part divides into four 

tendons. Each of the four tendons inserts on the 
proximal part of the second phalanx of digits II-V. 

Action: Flexion of the proximal interdigital joints 

of digits II-V. Due to its attachment on the calca- | 
neus it also functions as an extensor of the ankle. 

Innervation: N. tibialis. 

The deep digital flexor muscles, mm. flexores dig- 
itorum profundi, consist of medial and lateral digital 
flexor muscles. The caudal tibial muscle does not 
form part of the deep digital flexor muscles. 

The medial digital flexor muscle, m. flexor digi- 
torum medialis (Fig. 4-15) (flexor digitorum tibialis 
of Bryant, 1945), lies along the medial border of | 
the tibia, cranial to the medial head of the m. gas- 
trocnemius and distal to the m. popliteus. The ten- 
don of the muscle passes through a groove on the 
caudal surface of the tibial malleolus where it is 
held in position by a band of connective tissue. The 
muscle does not function as a flexor of the toes, 
but rather as an extensor of the ankle. 

Origin: From the caudomedial aspect of the mid- 

dle third of the tibia. 
Insertion: On the plantar sesamoid bone and the 

medial aspect of the first tarsal bone. 
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Action: Extension of the ankle joint. 

Innervation: N. tibialis. 
The lateral digital flexor muscle, m. flexor digi- 

torum lateralis (Fig. 4-14) (flexor digitorum fibu- 

laris of Bryant, 1945), is the largest of the digital 
flexor muscles. It is the only part of the deep digital 
flexor muscle that reaches the toes. It lies cranially 

to the muscles that insert on the calcaneal tuber 

and has an extensive origin from the caudal aspect 
of the tibia distal to the popliteus muscle. The ten- 
don of the muscle passes over the sustentaculum 

tali and then divides into five branches, one branch 
for each toe. At the metatarso-phalangeal joints the 
tendons are held in position by the plantar liga- 
ments. They pierce the tendons of the superficial 
digital flexor muscle, and are held in position on 
the proximal phalanges by proximal and distal dig- 

ital annular ligaments. 
Origin: From the caudal aspect of the shaft of 

the tibia, and the head and shaft of the fibula. 
Insertion: On the flexor surfaces of the distal 

phalanges of digits I-V. 
Action: Flexion of the digits. 
Innervation: N. tibialis. 

Muscles of the Pes. All but one of the mus- 
cles of the pes are arranged on the plantar aspect 
of the foot. They function as short extensors, flex- 
ors, adductors or abductors of the digits. 

The four lumbricales muscles, mm. lumbricales, 
lie between the tendons of the deep digital flexor 
muscle. 

Origin: Deep digital flexor tendon. 

Insertion: On the medial aspects of the proximal 

phalanges of digits H-V. 
Action: Flexion of the digits. 
Innervation: N. tibialis. 
The single interflexorius muscle, m. interflexorius 

(flexores digitorum brevis of Bryant, 1945), extends 

between the tendons of the deep digital flexor and 
the superficial digital flexor muscles. 

Origin: Tendon of the deep digital flexor muscle. 
Insertion: On the superficial digital flexor tendon 

of the second digit. 
Action: Flexion of the second digit. 
Innervation: N. tibialis. 

The four interosseus muscles, mm. interossei, ex- 

tend from the proximal metatarsal region to the 

proximal sesamoid bones of digits II-V. Some au- 
thors, including Bryant, 1945, regard them as sep- 
arate muscles, giving a total of eight. 

Origin: From the proximal ends of the five meta- 
tarsal bones. 

Insertion: On the proximal sesamoid bones. 

Action: Flexion of the metatarso-phalangeal 
joints. 

Innervation: N. tibialis. 

The abductor of the first digit, m. abductor digiti 
I (abductor hallucis of Bryant, 1945), is the most 

medial of the short muscles of the pes. 

Origin: From the plantar aspect on the distal end 
of the second tarsal bone. 

Insertion: On the abaxial sesamoid bone of the 
first digit. 

Action: Abduction of the first digit. 
Innervation: N. tibialis. 
The adductor of the first digit, m. adductor digiti 

I (adductor hallucis of Bryant, 1945), extends be- 

tween the tarsus and the first digit. 
Origin: From the plantar ligament. 

Insertion: On the axial aspect of the first digit. 
Action: Adduction of the first digit. 
Innervation: N. tibialis. 

The flexor of the fifth digit, m. flexor digiti V 
(adductor digiti quinti of Bryant, 1945), extends be- 

tween the tarsus and the fifth digit. 
Origin: From the plantar aspect of the calcaneus. 

Insertion: By means of a long, thin tendon on 

the plantarolateral aspect of the proximal phalanx 

of the fifth digit. 
Action: Flexion of the fifth digit. 
Innervation: N. tibialis. 
The adductor of the fifth digit, m. adductor digiti 

V (abductor ossis metacarpi quinti of Bryant, 1945), 

lies laterally to the short flexor of the fifth digit. 
Origin: From the plantar aspect of the calcaneus, 

lateral to the short flexor of the fifth digit. 
Insertion: Proximally on the lateral aspect of the 

fifth metatarsal bone. 
Action: Adduction of the fifth metatarsal bone 

and digit. 
Innervation: N. tibialis. 
The abductor of the fifth digit, m. abductor digiti 

V (abductor digiti quinti of Bryant, 1945), extends 
between the tarsus and the fifth digit. 

Origin: From the tarsal ligament. 
Insertion: On the axial surface of the proximal 

phalanx of fifth digit. 
Action: Abduction of the fifth digit. 
Innervation: N. tibialis. 
The quadratus plantae muscle, m. quadratus 

plantae, is a broad, muscle in the plantar surface of 

the pes. Its fibers run distomedially and merge into 

a broad, flat tendon. The tendon is as wide and as 

long as the muscle belly. 
Origin: From the tubercle on the distal, lateral 

aspect of the calcaneus. 
Insertion: On the deep flexor tendon, just prox- 

imal to the origin of the interflexorius muscle. 

Action: Flexion of the digits. 
Innervation: N. tibialis. 
The short extensor of the digits, m. extensor dig- 

itorum brevis, is the only muscle on the dorsal as- 

pect of the pes. It has two muscle bellies, their ten- 
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dons dividing to go to the second, third and fourth Insertion: On the abaxial surfaces of the second, | 
digits. (Bryant (1945) considers each muscle belly _ third and fourth digits. 
a separate muscle and names them accordingly.) Action: Extension of the second to fourth digits. _ 

Origin: Laterally on the fifth tarsal bone. Innervation: N. fibularis. 

| 
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Chapter 5. Digestive System 

The digestive system consists of the oral cavity, 
pharynx, alimentary, canal and accessory digestive 
organs. The accessory organs include the teeth, 
tongue, salivary glands, pancreas, liver and gall 

bladder. 

Mouth and Associated Structures. The 
mouth designates the oral cavity and its contents. 
The oral cavity is divided into the vestibule and the 

oral cavity proper. 

The oral vestibule, vestibulum oris, is the space 
bounded laterally by the lips and cheeks and me- 
dially by the gums and teeth. A shallow cheek 
pouch is present caudal to the angle of the mouth. 
It lies opposite the diastema (space between the 
teeth) and extends to the level of the first molar 

tooth. 
The lips, labia oris, form the rostral and most of 

the lateral boundaries of the vestibule. The upper 

and lower lips meet opposite the first premolar 

teeth to form the angles of the mouth. The lips 
bound the oral fissure, rima oris, which is the open- 

ing of the oral cavity. Their outer surfaces are cov- 
ered by skin and their inner surfaces are lined by 

the oral mucosa. The upper lips pass caudoventrally 

and laterally. At the level of the first premolar teeth 
they turn acutely medially to join the lower lips. 

The oral scent glands are associated with the angle 
of the mouth. The secretory ducts of the glands 

open on the mucocutaneous junction at the angle 
of the mouth. The philtrum of the upper lip is 

shaped like an inverted V. It extends through the 

total thickness of the lip, dividing the latter into left 

and right halves and exposes the upper incisor 

teeth. The lower lip is shorter than the upper lip. 

The cheek, bucca, is narrow and shallow, except 

for the cheek pouch. The duct of the parotid sali- 
vary gland opens on the parotid papilla, papilla par- 

otidea, opposite the first upper premolar, while the 

duct of the zygomatic gland opens opposite the last 
cheek tooth. 

The oral cavity proper, cavum oris proprium, is 

bounded dorsally by the palate, laterally and ros- 

trally by the teeth and gums and ventrally by the 
tongue and the reflected mucous membrane below 

it. It extends from the incisor teeth rostrally to the 

isthmus faucium caudally. When the mouth is 

closed, the tongue fills the cavity. The ducts of the 
mandibular and monostomatic sublingual salivary 
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glands open on the sublingual papilla, caruncula 
sublingualis, under the tongue. The papilla lies on 
the floor of the mouth, just caudal to the lower 

incisor teeth. The gums and lower cheek are sepa- 
rated from the tongue by a deep sublingual groove, 
recessus sublingualis lateralis. The ducts of the po- 
lystomatic sublingual salivary glands open into the 

floor of the recess. 
The hard palate, palatum durum, and the rostral 

part of the soft palate, palatum molle, (Figs. 5-1 and 
5-2) form the roof of the oral cavity. The hard pal- 

ate presents 12 to 14 transverse ridges, rugae pala- 

tinae, and is largely pigmented. The second ridge is 
triangular in outline rostrally, with the apex ros- 

trally and the base caudally (the first ridge lies di- 
rectly behind the upper incisor teeth). The oral sur- 

face of the soft palate is smooth and, like the rest 

of the oral mucosa, unpigmented. A small incisive 

papilla, papilla incisiva, is present just caudal to the 

upper incisor teeth. It carries the openings of the 

incisive ducts from the nasal cavity and vomero- 
nasal organ. 

The tongue, lingua (Fig. 5-3), consists primarily 

of skeletal muscle covered by a thick mucosa. It 
feels soft and velvety. 

The tongue has an apex, body and a base. The 

tip of the tongue, apex linguae, is rounded and 
somewhat bifid in appearance. The body, corpus 

linguae, forms the bulk of the tongue. It is attached 
rostrally to the floor of the mouth by a short, me- 
dian mucosal fold, the frenulum linguae. The latter 
is extensive enough to permit good mobility of the 

tongue. The caudal part of the body is slightly 

raised and is continuous with the root of the 
tongue. The root, radix linguae, is that part of the 

tongue caudal to the vallate papillae and is attached 

to the hyoid bone. 
The epithelium on the dorsal and dorsolateral 

surfaces of the tongue form many lingual papillae. 

The filiform papillae, papillae filiformes, are the 

smallest and the most numerous of the lingual pa- 
pillae. They are short, thin threads of non-kerati- 

nized epithelium and have a mechanical function. 

The filiform papillae are located over most of the 
dorsal and dorsolateral surfaces of the tongue. They 

increase in size towards the root of the tongue. 

The fungiform papillae, papillae fungiformes, are 
mushroom-shaped. They appear as small, white 

beads on the dorsal surface and lateral margins of 
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Fig. 5-1. 
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Sagital section of the head, medial view. 1 hard palate, 2 soft palate, 3 esophagus, 4 palatine tonsil, 5 man- 

dibular salivary gland, 6 tongue, 7 mandibular symphysis, 8 lower incisor tooth, 9 upper incisor tooth, 10 incisive papilla. 

the tongue. Fungiform papillae carry taste buds. 
The vallate papillae, papillae valatae, are the most 

prominent of the lingual papillae. They measure 

approximately 6 mm in diameter and consist of a 

central, raised part, surrounded by a moat. There 

are 3 to 5 vallate papillae on the caudal third of the 

dorsum of the tongue. They mark the boundary 

between the body and root of the tongue. Vallate 

papillae carry taste buds. There are two groups of 

foliate papillae, papillae foliatae. Each group is 8 to 

10 mm long and contains 14 to 18 leaf-like papillae. 

They are located on the lateral margin of the 
tongue, immediately rostral to the palatoglossal 

fold. Foliate papillae carry taste buds. 

Blood supply: The lingual artery. The veins of the 

tongue are satellites of the arteries. 

Innervation: The tongue is innervated by the 

chorda tympani and the lingual, glossopharyngeal 

and hypoglossal nerves. 
The lingual nerve is the principal sensory nerve 

to the tongue. It innervates the tongue rostral to 

the vallate papillae. The lingual branch of the glos- 

sopharyngeal nerve supplies sensory fibers to the 

root of the tongue. It also innervates the taste buds 
on the vallate and foliate papillae. The chorda tym- 

pani innervates the taste buds rostral to the vallate 

papillae. The hypoglossal nerve innervates the mus- 

cles of the tongue. 

Lymph drainage: By the retropharyngeal lymph 

nodes. 
The gums, gingiva, are composed of dense fi- 

brous connective tissue covered by a smooth mu- 
cosa. The connective tissue extends around the 

necks of the teeth and down into the alveoli. It is 

continuous with the alveolar periosteum. The gums 

are externally continuous with the mucosa of the 
vestibule and internally with the floor of the oral 

cavity proper or the hard palate. 

The teeth, dentes, (Figs. 2-8, 2-13, and 5-2) are 

not as robust as in other rodents of similar size. 
They serve to cut and crush plant materials rather 

than grind it. The incisors can also be used for de- 

fense. Each tooth consists of a crown, corona dentis, 
a neck, cervix dentis, and a root or roots, radix den- 

tis. 

The surface of a tooth that faces the lip or cheek 
is the vestibular surface, facies vestibularis. The lin- 
gual surface, facies lingualis, faces the tongue. The 
surfaces adjacent to other teeth in the dental arch 

are the contact surfaces, facies contactus. For all 

teeth the contact surfaces are mesial and distal. The 

mesial surfaces are towards the median plane, the 

distal surfaces are away from the median plane. The 
surface that faces the opposite dental arch is the 

occlusal surface, facies occlusalis. 
The incisor teeth, dentes incisivi, are long, curved 
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Fig. 5-2. Horizontal section of the head through the oral cavity, ventral view. 1 upper incisor tooth, 2 openings of incisive 

ducts on each side of the incisive papilla, 3 buccal fold, 4 premolar teeth, 5 molar teeth, 6 soft palate, 7 cut lateral wall 

of the oropharynx, 8 esophagus, 9 longus capitis m., 10 sternomastoid m., 11 stylohoid bone and muscle, 12 temporal 

m., 13 palatine tonsil, 14 masseter m., 15 hard palate, 16 cheek pouch. 

and have a beveled cutting edge (see osteology for 
the alveolus). In the young animal they are white, 
but become brownish as the animals age. The lower 
incisors protrude from the mandibles further than 
do the upper incisors from the maxillae. The enam- 
el on the labial side of the incisor is not pigmented 
as in many other rodents. 

The cheek teeth, dentes premolares and dentes 

molares, are typical, each with a crown that pro- 
trudes above the gum, a neck and root. The enamel 

of the crowns form ridges and tubercles on the oc- 
clusal surfaces. The neck is a slight constriction of 
the tooth located at the gum line, the enamel of the 
neck is covered by cement. The root is the portion 
below the gum and does not have an enamel layer. 
For the most part it is embedded in the alveolus of 
the jaw. 

There are both deciduous and permanent teeth. 
The deciduous teeth, dentes decidui, are replaced by 

the larger, permanent teeth, dentes permanentes, 
when the animals are 3 to 4 months old. The teeth 
are arranged as upper and lower dental arches. The 
upper arch is longer than the lower arch. The teeth 
are anchored in sockets, or alveoli, of the upper and 
lower jaws. They are so placed that the upper in- 
cisors lie rostral to the lower ones, while the pre- 
molars and molars form a tuberculate crushing sur- 
face. 

The incisor teeth, dentes incisivi, are permanent 

teeth, and are characterized by permanent growth 
that compensates for the strong wear. They there- 
fore have long crowns, short neck and roots and 

retain the same length. If they do not wear down, 
e.g., with malocclusion, they keep on growing until 
finally they prevent the mouth from closing (Fig. 
1-3). They have a thick layer of enamel on their 
vestibular surfaces and a very thin layer on their 
lingual surfaces. Since the enamel on the vestibular 
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Fig. 5-3. Tongue, dorsal view. 1 root of the tongue, 2 
vallate papillae, 3 foliate papillae, 4 fungiform papillae, 5 

apex of the tongue, 6 body of the tongue. 

surface wears more slowly than that of the lingual 
surface, it maintains a beveled cutting edge along 
the lingual surface. The incisors are embedded in 
deep alveoli. The upper alveoli describe a larger arc 

of a smaller circle and the lower ones a smaller arc 
of a larger circle. The alveolus of an upper incisor 
extends to a point dorsally to the infraorbital fo- 
ramen and that of a lower incisor to a point ven- 

trally to the last molar tooth. The upper incisors 
are embedded in the alveoli of the incisive bones 
and are placed rostral to the lower incisors. They 

are about 5 cm long and strongly curved. The me- 
sial surface is flattened and the distal surface is 
rounded. Approximately 1 cm of an upper incisor 
is visible at any given time. The lower incisors are 
embedded in the alveoli of the mandible and are 
placed behind the upper ones. They are about 6 cm 
long and slightly curved. The mesial surface is flat- 
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tened and the distal surface is rounded. About 1.5 
cm of the lower incisors is visible at any given time. 
The lower incisors erupt when the animal is ap- 

proximately 10 to 20 days old, the upper pair erupt 
about 14 days later. 

The premolar teeth, dentes premolares, are rep- 
resented by the third and fourth premolars in the 

upper jaw and by the fourth premolar in the lower 
jaw. The deciduous premolars erupt when the an- 
imals are 35 to 38 days old. They are replaced by 

the permanent premolars when the animals are 

about 3 to 4 months old. The third upper premolar 

is a small, conical tooth with one root. Its contact 

surface has one tubercle. The fourth upper pre- 

molar has three roots, one on the lingual side and 
two on the vestibular side. The contact surface has 
three transverse enamel ridges, separated from each 

other by two transverse grooves. One large tubercle | 
is present on the lingual side and three smaller ones 

on the vestibular side of the contact surface. The 

fourth lower premolar has two roots, one on the 

mesial and one on the distal side. Both roots are 

grooved. The contact surface has two transverse — 

ridges. They are separated from each other by a> 

hollow into which the lingual tubercle of the fourth 

upper premolar fits. 

The molar teeth, dentes molares, are represented 

by the first, second and third molar teeth of the 

upper and lower jaws. They erupt when the animals 

are 4 to 5 weeks old. The upper and lower molar 

teeth have three roots each, one on the lingual and 

two on the vestibular side. The contact surfaces of 

all the molar teeth are similar in structure. Each 

has three transverse ridges, separated from each 

other by two transverse grooves. Four tubercles are 
present, one large tubercle on the lingual side and 

three smaller ones on the vestibular side. The trans- 
verse ridges of the lower molar teeth wear down 

quickly. They are replaced by one large hollow sur- 
rounded by three tubercles. The contact surfaces of 
the upper teeth seem to be more resistant to wear. 

Dental formula: The woodchuck has 6 deciduous 

and 22 permanent teeth. Since the teeth are 

grouped according to position and form, it is pos- 

sible to express their arrangement as a dental for- 
mula. The abbreviation representing the particular 
teeth (i, incisor; c, canine; p, premolar; m, molar) 

are followed by the number of such teeth on one 

side of the upper and lower jaw. 
The dental formula for the deciduous dentition 

is: 1 0/0, c 0/0, p2/1, m 0/0, total 6 

The dental formula for the permanent dentition 
is: 1 1/1, c 0/0, p 2/1, m 3/2, total 22 

Blood supply: The infraorbital artery supplies the 

upper teeth, the inferior alveolar artery supplies the 

lower teeth. The veins are satellites of the arteries. 
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Fig. 5-4. Head, lateral view. 1 temporal gland, 2 parotid salivary gland, 3 mandibular lymph node, 4 mandibular salivary 

gland, 5 monostomatic sublingual salivary gland, 6 parotid salivary duct, 7 masseter m., 8 digastric m., 9 orbicularis oris 

m., 10 oral scent gland, 11 buccinator m., 12 tongue, 13 tactile hair follicles, 14 nasolabial m. 

Innervation: Upper teeth by the maxillary nerve 
and lower teeth by the mandibular nerve. 

Salivary Glands. The salivary glands are all 
empty their secretions into the oral cavity. They are 
the parotid, mandibular, sublingual, buccal and zy- 

gomatic salivary glands. In addition to these major 
groupings, lesser glands are also present under the 
mucosa of the lips and in the tongue. The secre- 
tions of the glands can be serous, mucoserous or 
mucous in nature. 

The parotid salivary gland, gl. parotis (Fig. 5-4), 
has an irregular rectangular shape. It is pinkish 
brown and lobulated. The gland is about 3 to 4 cm 
long, 1.5 to 2 cm wide and 1 cm thick. The lobules 
are loosely connected to each other by delicate con- 
nective tissue. The gland wraps around the base of 
the ear between the caudal border of the mandible 
and the neck. It is caudal to the masseter and me- 
dial pterygoid muscles, ventral to the base of the 
ear, lateral to the external ear canal and the ster- 
nomastoid muscle, and dorsal to the mandibular 

salivary gland and linguofacial vein. The acrom- 
iomandibularis muscle covers its ventrolateral sur- 
face. The parotid duct, ductus parotideus, passes 
across the middle of the masseter muscle, dorsal to 
middle buccal branch of the facial nerve. It turns 
medially around the rostral border of the masseter 
muscle and passes between the latter and the pouch 
of the cheek. The duct opens on the parotid papilla, 

papilla parotidea. The latter lies opposite the third 
upper premolar (first cheek tooth) in the oral ves- 
tibule on the dorsal edge of the cheek pouch. 

Blood supply: By branches from the superficial 
temporal artery. 

Innervation: Parasympathetic innervation is 

from the glossopharyngeal nerve via the otic gan- 
glion. 

Lymph drainage: By the deep parotid lymph 

nodes. 
The mandibular salivary gland, gl. mandibularis 

(Figs. 5-1 and 5-4), lies at the ventral end of the 

parotid salivary gland, medial to the lingual vein 

and angle of the mandible. The gland is caudal to 

the masseter and medial pterygoid muscles, medial 

to the lingual vein, lateral to the sternohyoid mus- 

cle, and ventral to the sternomastoid muscle. The 

gland is pinkish brown, is lobulated and is more 

compact than the parotid salivary gland. It is about 
1.5 cm long and 1 cm wide. The duct of the gland 

crosses the lateral surface of the tendon between the 
two bellies of the digastric muscle and then passes 

rostrally along the deep face of the mylohyoid mus- 

cle. It opens into the floor of the oral cavity on a 

small sublingual caruncula just caudal to the sym- 

physis of the mandible. 
Blood supply: From the facial and lingual arter- 

ies. 
Innervation: Parasympathetic innervation from 

the chorda tympani of the facial nerve via the man- 

dibular ganglion. 

Lymph drainage: By the mandibular lymph node. 

The zygomatic salivary gland, gl. zygomatica, lies 

in the ventral part of the bony orbit. It is, lobulated, 

pinkish brown and is about 3 cm in diameter. The 
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gland is lateral to the maxillary blood vessels and 
nerves, and ventral to the eye and periorbita. It fre- 
quently consists of a smaller, medial gland and a 

larger lateral gland. The duct of the gland opens 
into the oral vestibule, opposite the last cheek 

tooth. 
Blood supply: By branches from the malar and 

maxillary arteries. 
Innervation: Parasympathetic innervation is 

from the glossopharyngeal nerve via the otic gan- 

glion. 
The buccal salivary gland, gl. buccalis, lies cau- 

dolateral to the last molar tooth, and extends me- 

dially onto the hard palate. It is loosely lobulated, 

pale pink and measures about 2 cm in length and 

0.5 cm in width. The lobules of the gland open into 
the oral cavity by means of many small ducts. 

Blood supply: By branches from the buccal and 

major palatine arteries. 
Innervation: Parasympathetic innervation is 

from the glossopharyngeal nerve via the otic gan- 

glion. 
The sublingual salivary glands, g/l. sublinguales, 

consist of two distinct parts. The monostomatic 
part is associated with the mandibular salivary 

gland, while the polystomatic part is associated with 
the sublingual recess. The monostomatic part, gl. 
sublingualis monostomatica (Figs. 5-4 and 9-5), lies 
against the rostral pole of the mandibular salivary 

gland. The two glands share a common capsule. 
The gland is lobulated, pale pink (as opposed to 

the pinkish brown of the mandibular salivary 

gland) and measures 1 cm in diameter. The duct 
of the gland joins the duct of the mandibular sali- 
vary gland or remains separate but accompanies the 

latter duct to the sublingual caruncule. The polys- 

tomatic part of the sublingual salivary gland, gl. 

sublingualis polystomatica, lies under the mucosa of 
the sublingual recess. It is related laterally to the 

mandible, medially to the geniohyoid muscle and 
ventrally to the mylohyoid muscle. It is pink, lob- 
ulated and 2.5 to 3 cm long, 0.2 cm wide, and 1.5 
cm thick. The lobules are small and tightly attached 

to each other by connective tissue. The ducts of the 
gland open into the sublingual recess. 

Blood supply: By branches from the sublingual 
arteries. 

Innervation: Parasympathetic innervation is 

from the chorda tympani of the facial nerve via 
small sublingual ganglia. 

Abdomen and Peritoneum. The abdomen, 
abdomen, is that part of the trunk which extends 
from the diaphragm to the pelvis. The abdominal 
cavity within this portion of the trunk contains the 
abdominal viscera. The abdominal cavity is contin- 

uous with the pelvic cavity. The diaphragm bounds 

the abdomen cranially, the sublumbar muscles and 
the crura bound it dorsally, the abdominal muscles 
bound it laterally and ventrally, and the pelvic inlet 
caudally. The latter is attached to the abdominal 
and pelvic walls by an intervening layer of connec- 
tive tissue, the fascia transversalis. During the sum- 
mer large amounts of fat accumulate in the trans- 
verse fascia between the two peritoneal layers of the 
falciform ligament of the liver, the broad ligament 
of the uterus/mesorchium and beneath the perito- | 
neum medial to the attachment of the broad liga- | 

ment/mesorchium to the body wall. The fat serves | 
as an important source of energy during hiberna- 

tion and when the animals emerge in the spring 
(Davis 1967). | 

The peritoneum, peritoneum, lines the abdominal 
and pelvic cavities. The vaginal process on each side 
is an extra-abdominal extension of the peritoneum 
through the inguinal canal of both male and female 
animals. All the abdominal and pelvic viscera are 
covered and sometimes suspended by folds of peri- 

toneum. The peritoneum may be divided into the 
parietal peritoneum that lines the abdominal and 
pelvic cavities and the visceral peritoneum that cov- 
ers and suspends the abdominal and pelvic viscera. 
A double sheet of peritoneum connects the parietal 
and visceral parts. These connecting sheets are re- 
ferred to as mesenteries that suspend the intestine, 

the lesser and greater omentum that suspends the 

stomach, hepatic ligaments that suspend the liver, 

the mesorchium of the testis and broad ligament 

that suspends the female genital systems, and the 
suspensory ligaments of the urinary bladder. The 
peritoneum extends into the pelvic cavity for some 
distance and is then reflected from the pelvic vis- 

cera and pelvic walls. It thus forms pouches or ex- 
cavations between the pelvic wall and pelvic organs, 
as well as between the different pelvic organs. The 
excavation between the dorsolateral walls of the 

pelvis and rectum is the pararectal fossa, fossa par- 
arectalis, and the excavation between the rectum 
and genital tract is the rectogenital excavation, ex- 

cavatio rectogenitalis. Both excavations extend cau- 
dally as far as the ischial arch. The excavation be- 
tween the genital tract and the urinary bladder is 
the vesicogenital excavation, excavatio vesicogenital- 
is. It is shallow and lies at the level of the pelvic 
inlet. The peritoneum is reflected directly from the 
bladder to the abdominal floor at the pelvic brim, 

therefore a pubovesical excavation, excavatio pubov- 
esicalis, normally does not exist. A fold of perito- 
neum, the falciform ligament, lig. falciforme hepatis, 
extends between the umbilicus and the liver. It con- 
tains the round ligament of the liver. 

The greater omentum, omentum majus (Fig. 5- 

5), is an extensive fold of peritoneum that extends 
from the dorsal body wall to the greater curvature 
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Fig. 5-5. Stomach, parietal surface. 1 duodenum, 2 esophagus, 3 cardiac part of the stomach, 4 major curvature of the 

stomach, 5 minor curvature of the stomach, 6 greater omentum, 7 right gastroepiploic a., 8 pyloric part of stomach. 

of the stomach. It hangs as a fat filled, lacy apron 

from the stomach. Its caudal, free border is very 

mobile and can reach as far caudally as the pelvic 

inlet. In all the animals examined, it was wedged in 

between the stomach and the intestinal mass, cov- 

ering only the caudal (visceral) surface of the stom- 

ach. The omentum is longer than the distance be- 

tween the dorsal body wall and the stomach. It 

therefore doubles on itself, forming deep and su- 

perficial layers or parts. The space between the two 

layers is the omental bursa, bursa omentalis. The 

omental bursa has only one opening, the epiploic 

foramen, into the general peritoneal cavity. The ep- 

iploic foramen, foramen epiploicum, is a narrow 

passage that lies to the right of the median plane 

and ventromedial to the caudate process of the liv- 

er. It is bounded dorsally by the caudal vena cava, 
ventrally by the portal vein and cranially by the 
caudate process of the liver. The foramen leads into 

the vestibule of the omental bursa, cranial to stom- 

ach. Access to the omental bursa from the general 

peritoneal cavity is through the epiploic foramen 

(into the omental vestibule) and then caudally over 

the lesser curvature of the stomach into the main 

part of the bursa. 
The lesser omentum, omentum minus, 1s a rem- 

nant of the ventral mesentery that extends between 
the liver and the terminal esophagus, stomach and 

duodenum. (For details see the ligaments of the 

liver) 

Alimentary Canal. The esophagus, esophagus 
(Figs. 5-1, 5-2, 5-5 to 5-7), extends from the limen 

of the esophageal vestibule to the cardia of the 

stomach. In the mature animal it is approximately 

15 cm long. It can be divided into cervical, thoracic 

and abdominal parts. The cervical part, pars cervi- 

calis, begins at the level of the caudal border of the 

cricoid cartilage. The mucous membrane of the 

esophagus contains longitudinal folds and is clearly 
demarcated from the esophageal vestibule of the la- 
ryngopharynx. The cervical esophagus is approxi- 
mately 4 cm long and is related dorsally to the left 

longus colli and longus capitis muscles and ven- 
trally to the trachea. It is slightly longer than the 

neck itself, inclining to the left of the trachea. At 
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Fig. 5-6. Stomach, longitudinal section. 1 duodenum, 2 esophagus, 3 fundus of the stomach, 4 cardiac part of the 

stomach, 5 body of the stomach, 6 ventricular groove, 7 pyloric antrum, 8 pyloric canal, 9 major duodenal papilla. 

the middle of the neck it lies lateral to the trachea. 
The cervical esophagus enters the thorax dorsal to 
the trachea. On the left side the left common ca- 
rotid artery, vagosympathetic trunk, internal jugu- 

lar vein and tracheal duct, lies in the angle between 

the esophagus and longus capitis muscle. 
The thoracic part, pars thoracica, extends from 

the thoracic inlet to the esophageal hiatus of the 
diaphragm. It is about 9 cm long and lies in the 
mediastinum. Cranial to the heart it passes dorsal 

to the trachea and thymus and to the right of the 
aortic arch. Caudal to the heart the esophagus lies 
ventral to the descending thoracic aorta and is re- 
lated to the infracardiac bursa (see mediastinal 

pleura under the respiratory system). It passes 
through the esophageal hiatus. The abdominal part, 

pars abdominalis, is approximately 2 cm long along 
its ventral border and 1 cm long along its dorsal 
border. It is attached to the diaphragm along its 
dorsal border by the greater omentum and to the 
papillary lobe of the liver along its ventral border 
by the lesser omentum. 

Blood supply: Branches of the thyroid arteries 
supply the cervical part, the broncho-esophageal ar- 
tery supplies the thoracic part and the left gastric 
artery supplies the abdominal part. 

Innervation: The cervical part is innervated by 

fibers from the pharyngoesophageal and recurrent 
laryngeal branches of the vagal nerves, and the tho- 
racic part by the dorsal and ventral vagal trunks. 

The stomach, ventriculus (Figs. 5-5, 5-7, 5-10, 5- 

11 and 5-14), lies transversly on the median plane. 
Its size and shape varies greatly, depending on the 
quantity of food it contains. When it is empty it 
measures 11 cm along its greater curvature and 7 

cm along its lesser curvature. The major divisions 
of the stomach are the cardia, fundus, body, and 

the pyloris. It has visceral and parietal surfaces and 

lesser and greater curvatures. 
The esophagus enters the stomach at the cardia, 

pars cardiaca. The different layers of the esophagus 
are continuous with and blend with those of the 
stomach. It only differs from the esophagus in the 
type of glands present in the mucosa. 

The gastric fundus, fundus ventriculi, is the rather 
large, blind expansion of the stomach to the left 
and dorsal to the cardia. 

The body, corpus ventriculi, is the middle portion 
of the stomach and extends from the fundus to the 
pyloric portion. 

The pyloric part, pars pylorica, is approximately 
the distal third of the stomach as measured along 
the lesser curvature. Its initial part, the pyloric an- 
trum, antrum pyloricum (Fig. 5-4), is somewhat di- 
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Fig. 5-7. Stomach and spleen, visceral surface. 1 duodenum, 2 pyloric part of the stomach, 3 major omentum, 4 body 

of the stomach, 5 major curvature of the stomach, 6 gastrosplenic lig., 7 spleen, 8 left gastric a., 9 esophagus. 

lated and narrows to form the pyloric canal, canalis 
pyloricus. 

A muscular sphincter closes the opening between 

the pyloric part and duodenum. 
The greater curvature, curvatura ventriculi major, 

of the stomach is convex and extends from the car- 
dia to the pylorus. It is the greatest distance be- 
tween the two parts. The superficial layer of the 
greater omentum attaches to the greater curvature 
(Fig. 6-5). The spleen, which lies in the superficial 

layer of the greater omentum, is attached to the 
stomach by the gastrosplenic ligament, lig. gastro- 
lienale). 

The lesser curvature, curvatura ventriculi minor 
(Fig. 5-5), extends from the cardia to the pylorus. 
It is the shortest distance between the two parts. 
The shortest path that ingesta can take in passing 
from the cardia to the pyloric portion of the stom- 
ach is known as the gastric groove, sulcus ventriculi. 
This path follows the lesser curvature. The cardia 
lies approximately 2 cm to the left of the pylorus, 
resulting in an acutely concave lesser curvature. The 
papillary process of the liver lies in the lesser cur- 
vature, with the body of the stomach to the left and 

the pylorus to the right of the papillary process (Fig. 
6-6). The caudal edge of the lesser omentum atta- 
ches to the lesser curvature. 

The parietal surface of the stomach, facies par- 

ietalis, faces ventrally and cranially. It lies against 
the dorsal part of the visceral surface of the left 
lateral lobe of the liver. The empty stomach does 
not extend beyond the edges of the liver. However, 

when it is distended, it projects dorsally and later- 
ally beyond the borders of the liver and lies in con- 
tact with the diaphragm and left dorsal body wall. 

The visceral surface of the stomach, facies viscer- 

alis (Fig. 5-7), faces caudodorsally. It lies in direct 
contact with part of the papillary process of the 
liver and the left lobe of the pancreas that is en- 
closed in the visceral layer of the greater omentum. 
Furthermore, the left part of the visceral surface is 

related to the spleen and is separated from the in- 
testinal mass and left kidney by the superficial layer 

of the greater omentum. 
Topography: The stomach lies in the cranial ab- 

domen within the thoracic cage, to the left of the 
midline. When the stomach is moderately full, the 
cranial border lies on a transverse plane through 
the last thoracic vertebra and the caudal border on 
a transverse plane through the third lumbar verte- 
bra (ventromedial to the caudal pole of the left kid- 
ney). As the stomach fills the cranial border does 
not change, but the caudal border shifts caudally. 

Blood supply: The main arteries to the stomach 
are the left gastric artery (Fig. 5-7) along its lesser 
curvature and the left and right gastroepiploic ar- 
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Fig. 5-8. 

12 first loop of the ascending colon. 

teries (Fig. 5-5) along its greater curvature. The left 

gastric artery is a branch of the celiac artery. The 

right gastric and right gastroepiploic arteries are 
branches of the hepatic artery and the left gastroe- 
piploic artery is a branch of the splenic artery. The 
gastroesophageal artery arises from the terminal 

part of the hepatic artery and supplies the abdom- 
inal esophagus and cardia of the stomach. 

The veins of the stomach parallel the arteries. 
They drain into the portal vein (see chapter 9 for 

the detail of the portal vein). The gastroduodenal 
vein also drains into the left branch of the portal 
vein. 

Innervation: The stomach is supplied by the va- 
gus nerve and receives sympathetic fibers from the 
celiac plexus. The ventral vagal trunk supplies the 
lesser curvature, pylorus and visceral surface of the 
stomach. The dorsal vagal trunk supplies the great- 
er curvature and parietal surface of the stomach. 

Lymph drainage: Lymph is drained mainly by the 
gastric lymph node, situated in the lesser omentum. 

Garon and Pierard (1972) made a gross compar- 
ison of the stomach of Marmota monax with that 

Isolated intestinal track. 1 second loop of ascending colon, 2 transverse colon, 3 descending colon, 4 rectum, 
5 jejunum, 6 ileum, 7 apex of the cecum, 8 body of the cecum, 9 base of the cecum, 10 ascending colon, 11 duodenum, 

of the muskrat, Ondatra zibethicus, and present a 

table of weights and capacities for each species. 

Whereas the digestive glands of the muskrat were | 

concentrated in a well-circumscribed area of the 
body of the stomach, the same was not true of the 
woodchuck. | 

The small intestine, intestinum tenue, extends 

from the pylorus of the stomach to the ileocolic 
orifice leading into the large intestine. In adult an- 
imals it is 200 to 250 cm long. The small intestine 
consists of the relatively fixed and short duodenum, 

the freely movable jejunum, and a very short ter- 

minal part, the ileum. There are no clear anatom- 
ical differences between the three parts. The tran- 

sition point of the one into the other is therefore 
very arbitrary and not always constant. 

The duodenum, duodenum (Figs. 5-8 and 5-10), 

is the first and most fixed part of the small intes- 
tine. It consists of a cranial part and a loop with 
descending and ascending limbs. It is suspended 
from the dorsal body wall by a short mesoduode- 
num. 

The cranial part, pars cranialis, begins at the py- 
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| lorus in the upper half of the abdomen, to the right 
of the median plane, on a transverse plane through 
the last thoracic vertebra. It is approximately 5 cm 

long. The major duodenal papilla, papilla duodeni 
major, lies approximately 1 cm from the pylorus 
and contains the opening of the bile duct. From 
the pylorus the cranial part passes to the right and 
slightly dorsally. It crosses the visceral surface of the 
liver between the gall bladder ventrally and the 
right kidney dorsally. It is related caudoventrally to 

the second loop of the ascending colon, to which 
it is attached by a short peritoneal fold. It reaches 
the dorsal body wall just caudal to the last rib. It 
then turns caudally, forming the cranial duodenal 
flexure, flexura duodeni cranialis, and continues as 

the descending duodenum. The descending duo- 
denum, pars descendens, is approximately 12 cm 
long. It passes caudomedially along the dorsal body 
wall, lateral to the right kidney and medial to the 

attachment of the mesorchium or broad ligament 
of the uterus. Its lateral border is related to the first 
loop of the ascending colon, but is separated from 
it by the aforementioned ligaments. Its medial bor- 

der is related to the right kidney and right lobe of 
the pancreas. The descending duodenum reaches 
the dorsal midline at the level of 6 or 7L. It then 
turns to the left and cranially, forming the caudal 
duodenal flexure, flexure duodeni caudalis. From the 

caudal flexure it passes cranially as the ascending 
duodenum. The ascending duodenum, pars ascen- 
dens, is about 10 cm long. It passes cranially along 
the dorsal body wall, just to the left of the midline. 
Its initial part is attached to the initial portion of 
the ascending colon by a short fold of peritoneum, 
the duodenocolic fold, plica duodenocolica. The as- 

cending duodenum reaches the terminal end of the 

ascending colon and the transverse colon at the lev- 

el of 2 to 3L, where it turns ventrally and to the 

right to continue as the jejunum. The ascending 

duodenum contains the lesser duodenal papilla, pa- 
pilla duodeni minor, onto which the accessory pan- 
creatic duct opens, approximately 20 cm from the 
pylorus. 

The jejunum, jejunum (Figs. 5-8 and 5-9), is the 
longest part of the small intestine and measures ap- 
proximately 200 cm in length. It forms a coiled 
mass of intestine that is attached to the dorsal body 
wall by the mesojejunum. The mesojejunum is very 

long, resulting in a very mobile jejunum that can 
vary greatly in position. It is most commonly found 
in the right dorsal part of the abdomen. The jeju- 
num joins the ileum without a clear demarcation 
between the two parts. 

The ileum, ileum (Fig. 5-8), is the terminal part 

of the small intestine. It is 4 to 5 cm long and opens 
into the large intestine at the ileocolic orifice, os- 
tium ileale. The ileum is attached to the dorsal body 

wall by the meso-ileum (which is essentially a part 

of the mesojejunum) and to the cecum by the il- 
eocecal ligament. 

Blood supply to the small intestine: The cranial 

pancreaticoduodenal artery from the hepatic artery, 
and the caudal pancreaticoduodenal artery from the 

cranial mesenteric artery, supply the duodenum. Je- 
junal and ileal branches from the cranial mesenteric 
artery supply the jejunum and ileum. Venous blood 
drains into the portal vein (see the portal vein for 

detail). 

Lymph drainage: Lymph is drained through the 
mesenteric lymph nodes situated in the root of the 
mesentery. 

Innervation: Parasympathetic innervation is 

from the vagus nerves and sympathetic innervation 

from the splanchnic nerves via the celiac and cra- 

nial mesenteric plexuses. 

The large intestine, intestinum crassum, is about 

110 cm long. Its diameter varies greatly, depending 
on the amount of ingesta present. This part of the 
intestine is highly specialized for microbial break- 
down of plant material. It consists of a large cecum, 
a complex ascending colon, a short transverse colon 
and a long descending colon. 

The cecum, cecum (Figs. 5-8 and 5-9), is large. 
It is approximately 8 to 10 cm long and 2 to 3 cm 

in diameter. Its shape varies according to the 
amount of ingesta present. When empty, it is “C” 
shaped and when full comma shaped. The cecum 
has a base, basis ceci, into which the ileum opens, 

a body, corpus ceci, and a blind ending apex, apex 
ceci. It lies transversely, to the left of the midline, 
with its base and body in contact with the ventral 
abdominal wall. The base lies close to the midline 
caudally and the apex lies dorsocranially and to the 
right. Its cranial limit is on a transverse plane 
through 3L, and its caudal limit on a transverse 
plane through 7L. The coils of the small intestine 
lie dorsal to the cecum. 

The ascending colon, colon ascendens (Figs. 5-8 
and 5-9), consists of a short, straight segment and 

two loops. One loop lies along the right abdominal 
wall and the other loop lies transversely caudal to 
the liver. The initial portion of the ascending colon 
is closely attached to the dorsal body wall by the 
mesocolon. Folds of peritoneum attach the limbs 
of the loops to each other. The two loops lie free 
in the abdomen, with the result that their topo- 
graphical positions in the abdomen can vary. The 
following description gives the most commonly 
found positions. 

From its origin at the ileocecal junction, the 
straight portion of the ascending colon passes cra- 
nially along the right dorsal body wall, between the 

two limbs of the duodenum. Caudal to the pylorus 
it turns to the right to form the first loop. This loop 
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Fig. 5-9. Abdomen, superficial ventral view. 1 major omentum, 2 second loop of the ascending colon, 3 apex of the 

cecum, 4 body of the cecum, 5 base of the cecum, 6 descending colon, 7 urinary bladder, 8 urethra, 9 round lig. of 

uterus, 10 uterus, 11 first loop of the ascending colon, 12 jejunum, 13 left lateral liver lobe, 14 xiphoid cartilage of 
sternum. 

lies along the right dorsolateral abdominal wall. It 

can extend caudally as far as the pelvic inlet. The 

terminal end of its ascending limb turns to the left, 
caudal to the liver, to form the second loop. 

The second loop lies transversely across the ab- 

dominal floor caudal to the stomach and liver. It 
extends to the left paralumbar fossa and is com- 
monly separated from the stomach by the greater 

omentum. The terminal end of the second loop 

continues as the transverse colon. 
The transverse colon, colon transversum (Figs. 5- 

8 and 5-10), is short and passes transversely, cranial 

to the cranial mesenteric artery. It turns caudally to 

continue as the descending colon. 
The descending colon, colon descendens (Figs. 5- 

8 and 5-10), is about 35 cm long and thinner than 

the other parts of the colon. Its mesocolon is long, 

resulting in considerable coiling of the terminal 
part of the large intestine. The descending colon 

passes caudally, to the left of the midline and me- 

dial to the left kidney. It enters the pelvic cavity 
and continues as the rectum. 

Blood supply: The ascending, transverse and ini- 
tial part of the descending colon is supplied by 
branches of the cranial mesenteric artery. The cau- 
dal mesenteric artery supplies the rest of the de- 
scending colon. The veins parallel the arteries and 
drain into the portal vein. 

Lymph drainage: Lymph is drained by the colic 
lymph nodes situated in the mesocolon. 

Innervation: The vagal nerves supply the initial 
part of the large intestine, while the pelvic nerves 
supply the last part of the descending colon. 

The rectum, rectum (Fig. 4-14), is that part of 

the large intestine that lies in the pelvic cavity. It is 
approximately 4 cm long. Its initial part is sus- 
pended from the roof of the pelvis by the mesorec- 
tum. The greater part however, lies retroperitone- 

ally. The terminal part of the rectum lies caudal to 
the pelvis, faces ventrally, and is surrounded by the 
external anal sphincter and perianal fat. 
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Fig. 5-10. Abdomen with cecum, ascending colon and jejunum removed. 1 liver, 2 pyloric part of the stomach, 3 body 

of the stomach, 4 spleen, 5 descending colon, 6 round lig. of the uterus, 7 ureters, 8 urinary bladder, 9 uterus, 10 caudal 
duodenal flexure, 11 ascending duodenum, 12 descending duodenum, 13 pancreas, 14 cranial flexure of the duodenum, 
15 transverse colon. 

The anal canal, canalis analis, forms the terminal 
part of the digestive tract. It is about 1 cm long and 
is surrounded by the caudal part of the external 
anal sphincter. The mucous membrane of the anal 
canal consists of three distinct zones. The columnar 
zone is the continuation of the rectum and is char- 
acterized by longitudinal folds of mucous mem- 
brane. The short intermediate zone separates the 
columnar zone from the cutaneous zone. The cu- 
taneous zone is continuous with the skin and con- 
tains the openings of the three para-anal sacs, saccus 
paranalis (Fig. 4-14). One sac lies on the ventral 
midline, the other two on either side of it. The 
woodchuck everts the openings of the sacs when 
threatened or frightened. 

Blood supply: Five vessels supply the rectum and 
anal canal. The cranial rectal artery lies on the dor- 
sal surface of the rectum and anal canal. The mid- 
dle rectal artery lies along the ventrolateral border 
of the retroperitoneal part of the rectum. The two 

caudal rectal arteries supply the ventrolateral part 
of the terminal rectum and anal canal. Satellite 
veins drain the rectum and anal canal. All the veins 
drain into the caudal vena cava, and do not con- 

tribute to the formation of the portal vein. 
Innervation: By parasympathetic fibers from the 

pelvic plexus (Nn. pelvini). 
Lymph drainage: Lymph drains into the caudal 

mesenteric lymph nodes that are arranged around 
the origin of the caudal mesenteric artery. 

Liver, Hepar (Figs. 5-9, 5-12 and 5-14). 
The average weight of the liver of over a hundred 
adult animals weighing 2.6 kg was 42 gm. Com- 
pared to its body weight this is a relatively small 
liver. The liver constitutes 1.6% of the body mass, 
compared to 4.3% in the ferret and 3.4% in the 
dog. The fresh liver is deep red, firm but friable, 

and has six lobes. These are the left lateral and me- 
dial lobes, the quadrate and caudate lobes, and the 
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Fig. 5-11. Abdomen, deep ventral view. 1 left lateral liver lobe, 2 pyloric part of the stomach, 3 body of the stomach, 

4 spleen, 5 left lobe of the pancreas, 6 left adrenal gland, 7 left kidney, 8 caudal duodenal flexure, 9 descending duo- 

denum, 10 right lobe of the pancreas, 11 right kidney, 12 cranial flexure of the duodenum, 13 quadrate liver lobe, 14 

left medial liver lobe. 

right lateral and medial lobes. The caudate lobe 
presents papillary and caudate processes. Interlobar 

fissures separate the caudate and papillary process- 

es, as well as the left lateral and right lateral lobes, 
from each other and from the rest of the liver. The 
right medial, left medial and quadrate lobes are 

fused to a lesser or greater extent. 
The liver presents diaphragmatic and _ visceral 

surfaces and dorsal, ventral, left and right borders. 

The diaphragmatic surface, facies diaphragmatica, 
faces cranioventrally. It is strongly convex in all di- 

rections and lies against the diaphragm and the cra- 
nial part of the abdominal floor. The ligaments of 
the liver are attached to the diaphragmatic surface 

(see below). The visceral surface, facies visceralis, is 

irregularly concave, facing mainly caudodorsally 
and is in contact with various abdominal organs. 
Some parts of the liver lobes overlap each other, 

forming interlobar surfaces between the overlap- 

ping parts. All lobes of the liver, with the exception 

of the left medial lobe, contribute to the visceral 

surface. Various abdominal organs are in contact 
with the visceral surface, leaving their impressions 
that account in part for its irregular shape. The dor- 
sal border, margo dorsalis, and the left and right 
borders, margo sinister et dexter, lie within the rib 
cage and thus are not palpable. The ventral border, 
margo ventralis, projects beyond the costal arch and 
sternum by 4 to 5 cm and is palpable. The dorsal 
border is deeply grooved by the caudal vena cava, 
sulcus venae cavae, and notched by the esophagus, 
impressio esophagea. Furthermore, the ventral bor- 
der of the fused right medial and quadrate lobes is 
notched for the gall bladder, fossa vesicae felleae, 
allowing the gall bladder to contact the abdominal 
floor. The hepatic vessels, nerves, lymphatics and 
bile duct enter or leave the liver through the porta, 
porta hepatica. Together the hepatic porta and its 
contents form the hilus. It is situated close to the 
dorsal border of the liver, ventral to the caudate 
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lobe and caudal vena cava. The portal vein enters 

the porta dorsally, the bile duct leaves it ventrally 
and the hepatic artery and nerves enter between 

them. 

Lobes of the Liver and their Relations. 
The left lateral lobe, lobus hepatis sinister lateralis, 
is the largest of the six lobes. In the average adult 
animal it weighs 23.5 gm and represents 57.25% of 

the total weight of liver. It is approximately 8 cm 

wide and 8 cm long. A deep interlobar fissure sep- 
arates it from the left medial and quadrate lobes. 

The diaphragmatic surface of the lobe can be di- 
vided into roughly three equal parts; one third of 

the area is in contact with the diaphragm, one third 
overlaps the left medial and quadrate lobes cranially 
and the other third lies on the abdominal floor. The 
visceral surface of the left lateral lobe makes up at 
least three-quarters of the visceral surface of the liv- 
er. The right ventral part is in contact with the gall 
bladder and the ventral 1 to 2 cm is in contact with 
the ascending colon. The rest of the visceral surface 
lies against the parietal surface of the stomach, with 

the pylorus against the medial border of the left 
medial lobe and gall bladder. The central, dorsal 

part of the visceral surface of the lobe lies against 
the papillary process of the caudate lobe. 

The left medial lobe, lobus hepatis sinister medi- 
alis, is a fairly small lobe, measuring 4 by 6 cm and 
weighing 3.7 gm, representing 9% of the total 

weight of the liver. It is separated from the left lat- 
eral lobe by a deep interlobar fissure. Medially it is 
fused to the quadrate lobe. However, a shallow in- 
terlobar fissure along its visceral surface and ventral 
border and the attachment of the falciform liga- 
ment along its diaphragmatic surface indicates the 
medial border or limit of the lobe. The diaphrag- 
matic surface of the lobe lies mainly against the 
diaphragm. Approximately 1 cm of the ventral bor- 
der projects beyond the costal arch and xiphoid 
cartilage of the sternum, just to the right of the 
midline. This is the only part of the left medial lobe 
that lies on the abdominal floor. The left lateral 
lobe overlaps the greater part of the visceral surface 
of the left medial lobe. Only a narrow area along 
the medial border is in contact with the pylorus of 
the stomach. 

The quadrate lobe, lobus quadratus, is the second 
largest of the liver lobes. It measures 5 by 7 cm and 
weighs 5.3 gm, representing 12.8% of the total 
weight of the liver. On the left it is fused to the left 
medial lobe, except along its visceral surface where 
a shallow interlobar fissure separates the two. On 
the right it is fused to the right medial lobe, sepa- 
rated only by a shallow groove on its visceral sur- 
face for the cystic duct and the fossa for the gall 
bladder. The diaphragmatic surface lies against the 

diaphragm. Approximately 1 cm of the lobe pro- 

jects beyond the costal arch and xiphoid cartilage 
of the sternum, just to the right of the midline. This 

is the only part of the lobe that lies on the abdom- 
inal floor. Its visceral surface lies against the gall 
bladder and the pylorus of the stomach. 

The right medial lobe, lobus hepatis dexter me- 
dialis, is fairly small, measuring approximately 4 by 

7 cm. It weighs 3.5 gm and represents 8.5% of the 
total weight of the liver. It is largely fused to the 
quadrate lobe except on the visceral surface where 
a shallow groove separates the two. A deep inter- 
lobar fissure separates the right medial and lateral 
lobes. The diaphragmatic surface of the lobe lies 
against the diaphragm and does not project beyond 
the costal arch. The visceral surface is related to the 
gall bladder, cystic duct, and the ascending colon. 
The right lateral lobe overlaps a large part of the 
visceral surface. 

The right lateral lobe, lobus hepatis dexter lateralis 

is cone shaped, with the apex of the cone at the 

hilus and pointing cranially. It is approximately 5 

cm long and 3 cm wide. The lobe weighs 3.25 gm 
and represents 8% of the total weight of the liver. 
It is separated from the right medial lobe and cau- 
date process by deep interlobar fissures. The medial 
half of the diaphragmatic surface lies against the 
diaphragm, the lateral half overlaps the right medial 
lobe. The dorsal part of the visceral surface overlaps 
the caudate process and in some specimens also lies 

against the right kidney. The ventral part of the 
visceral surface lies against the ascending colon. 
The caudal vena cava grooves and is attached to the 
medial border of the lobe. 

The caudate lobe, lobus caudatus, consists of the 
caudate and papillary processes and lies dorsal to 

the porta. It weighs 2 gm and represents 4.8% of 
the total weight of the liver. The caudate process, 
processus caudatus, lies caudal to the right lateral 
lobe. It is roughly pyramidal in shape, with the base 

and one side forming the visceral surface. It is ap- 
proximately 4 cm long and 3 cm wide and weighs 

0.8 gm, representing 42% of the weight of the cau- 
date lobe. The diaphragmatic surface of the lobe 
consists of a small triangular area that lies against 
the diaphragm and a large area that lies against the 
right medial lobe. The caudodorsal part of the vis- 
ceral surface carries the renal impression, impressio 
renalis, for the right kidney. The rest of the visceral 

surface lies against the ascending colon. The caudal 
vena cava separates the caudate and papillary pro- 

cess and is attached to the medial border of the 
caudate lobe and to the lateral border of the pap- 
illary process. The papillary process, processus pap- 
illaris, is irregularly V-shaped. The hepatic vein that 
drains each limb of the V separates them from each 

other. It weighs 1.1 gm and represents 58% of the 
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Fig. 5-12. Liver, parietal surface. 1 caudate processus, 2 caudal vena cava, 3 groove for the caudal vena cava, 4 esoph- 

ageal impression, 5 caudate lobe, 6 left triangular lig., 7 left lateral lobe, 8 left medial lobe, 9 falciforme lig., 10 round 

‘if 
lig., 11 quadrate lobe, 12 gall bladder, 13 right medial lobe, 14 coronary lig., 15 right lateral lobe, 16 right triangular lig. 

weight of the caudate lobe. The cranial surface of 
the lobe lies against the left lateral lobe, while its 

visceral surface is related to the stomach and duo- 
denum. The lobe fits into the lesser curvature of 
the stomach (Fig. 5-6). The result is that the cranial 
part of the process is related to the esophagus and 
parietal surface of the gastric fundus, while the cau- 
dal part crosses the lesser curvature of the stomach 
and is therefore related to the visceral surface of the 
pylorus. 

Ligaments of the Liver (Fig. 5-12). The liv- 
er is covered by visceral peritoneum that forms its 

serous coat. The serous coat is fused to the under- 
lying fibrous capsule. The only parietal attachment 
of the liver to the diaphragm is by means of con- 
tinuations of the serous and fibrous coats from the 
diaphragmatic surface, forming coronary, triangu- 
lar and falciform hepatic ligaments. 

The falciform ligament, lig. falciforme hepatis, is 
a remnant of the embryonic ventral mesentery. It 
extends from the liver and diaphragm to the ventral 
body wall cranial to the umbilicus. The round lig- 
ament, ligamentum teres hepatis (Fig. 5-12), of the 
liver, which is the remnant of the fetal umbilical 
vein, lies in the free border of the falciform liga- 
ment. In mature animals it is very thin and some- 
times impossible to distinguish. The round liga- 

ment enters the ventral border of the liver between 
the left medial and quadrate lobes. The part of the 

falciform ligament that attaches the liver to the di- 

aphragm is thin and does not contain any adipose 

tissue. It attaches to the parietal surface of the liver 

between the left medial and quadrate lobes, from 

the ventral border to the caudal vena cava. Its at- 

tachment to the diaphragm lies nearly in the me- 

dian plane, from the sternum to the caudal vena 

cava. 
The coronary ligament, lig. coronarium hepatis, 

attaches the parietal surface of the liver around the 

caudal vena cava, to the diaphragm. It is formed by 

the continuations of the falciform ligament around 

the vein. In the woodchuck the falciform ligament 
attaches to the caudal vena cava, about 3 mm from 

the liver, and not to the liver itself. (In the majority 

of specimens examined, the ligament did not attach 

to the liver and therefore, in the narrow sense of 

the definition of a coronary ligament, does not ex- 

ist). 

Two triangular ligaments attach the liver to the 
diaphragm. Both are continuations of the coronary 
ligament. Their attachments to the liver extend 

from the caudal vena cava to the left and right lobes 

of the liver. The left triangular ligament, lig. trian- 

gulare sinistrum, extends laterally (to the left) and 
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Fig. 5-13. Liver, visceral surface. 1 esophageal impression, 2 caudal vena cava, 3 caudate process, 4 right lateral lobe, 

5 bile duct, 6 hepatic artery, 7 cystic duct, 8 right medial lobe, 9 gall bladder, 10 quadrate lobe, 11 left medial lobe, 12 

hepatic portal v., 13 lesser omentum, 14 left lateral lobe, 15 papillary process. 

caudally along the dorsal border of the left lateral 
lobe, attaching the latter to the centrum tendineum 

and left costal part of the diaphragm. There are no 
attachments to the left medial lobe. The right tri- 
angular ligament, lig. triangulare dextrum, extends 
caudolaterally (to the right) along the dorsal border 
of the right lateral lobe, attaching the latter to the 

right crus of the diaphragm. It does not have an 
attachment to the right medial lobe. In some spec- 
imens the ligament divides so that it has a V-shaped 
attachment to the liver. 

Apart from these parietal attachments, the liver 
is attached to stomach and duodenum by the lesser 
omentum. 

The lesser omentum, omentum minus (Fig. 5-13), 

is a fold of peritoneum that extends from the vis- 
ceral surface of the liver to the terminal esophagus, 
stomach and duodenum. It can be divided into the 
hepatogastric ligament, lig. hepatogastricum, and the 
hepatoduodenal ligament, lig. hepatoduodenale. Its 
attachment to the liver, about 5 cm long, extends 

ventrally from the ventrolateral surface of the cau- 
dal vena cava to the ventral third of the left lateral 
lobe. At the porta hepatis it gives off a branch that 
attaches to the left and right borders of the papillary 
process. The part of the lesser omentum that atta- 
ches the liver to the lesser curvature of the stomach 
is the hepatogastric ligament, and the part that goes 

to the cranial part of the duodenum is the hepa- 
toduodenal ligament. The hepatogastric ligament 
contains the hepatic lymph node and hepatic artery, 
as well as the portal vein, while the bile duct lies in 
the hepatoduodenal ligament. 

Bile Ducts and Gall Bladder. Bile, secreted 
by the liver cells into bile canaliculi, is collected by 
small intralobar bile ductules. These in turn unite 
and leave the lobes as interlobar bile ductules. The 
interlobar ductules that drain the left lateral and 
medial lobes, as well as the quadrate lobe unite to 

form the left hepatic duct, ductus hepaticus sinister. 
Bile from the caudate and right lateral lobes is 
drained by the right hepatic duct, ductus hepaticus 
dexter. Both left and right ducts open separately 
into the cystic duct, ductus cysticus. Bile from the 
right medial lobe drains into the cystic duct by 
means of an accessory bile duct. The latter duct 
opens into the cystic duct, halfway between the gall 
bladder and the opening of the left hepatic duct. 
There is no common bile duct. Variations in the 
pattern of the bile duct system are common. 

The gall bladder, vesica fellea (Fig. 5-13), is pear 
shaped and averages 4 cm in length and 1 cm in 

width. Its volume is 5 to 6 ml. The gall bladder is 
located in a depression on the visceral surface of 
the liver between the right medial lobe on the right 
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and the quadrate and left lateral lobes on the left. 
The cranial surface is attached to the quadrate and 
right medial lobes by connective tissue, while the 
caudal or free surface lies against the ascending co- 
lon. When the gall bladder is distended it projects 
1 to 1.5 cm beyond the ventral border of the liver 
to contact the abdominal floor. Proximally the gall 

bladder narrows to form a neck that continues as 
the cystic duct. The latter is approximately 2 cm 

long, embedded in connective tissue and occupies 
a shallow groove between the quadrate and right 
medial lobes of the liver. The cystic duct is joined 

by the three hepatic ducts. Distally to the last duct 
which joins it, the cystic duct continues as the bile 

duct or ductus choledochus. The bile duct is about 
3 cm long and lies in the hepatoduodenal ligament. 

It opens into the lumen of the duodenum on a 

small duodenal papilla 1 cm distal to the pyloric 
sphincter. 

Blood supply: The arterial blood supply to the 
liver and gall bladder is from the hepatic artery, a 

branch of the celiac artery. At the porta hepatis the 

hepatic artery (Fig. 5-13) divides into a right and 
left hepatic branches. The right branch gives rise to 

caudally and dorsally directed vessels. The former 

enters the right medial lobe at the porta, but before 

doing so gives off the cystic artery to the cystic duct 

and gall bladder. The latter passes along the medial 

border of the right lateral lobe (in the groove be- 
tween the lobe and the portal vein) and divides into 
two branches: one for the caudate process and the 

other for the right lateral lobe. The left branch is 
the continuation of the hepatic artery. At its origin 

it gives off a small vessel to the papillary lobe. The 
left branch then enters the left part of the porta 

where it divides: one branch enters the fused quad- 
rate and left medial lobes, the other the left lateral 

lobe. Variations to this pattern of supply are com- 
mon. 

The portal vein, vena portae (Figs. 5-13 and 9- 

5), drains the blood from the digestive tract (for 

details of its tributaries (see portal vein, chapter 

10). It passes along the floor (ventral border) of 

the epiploic foramen, dorsal to the junction of the 
pylorus and duodenum. (Note that the caudal 

vena cava lies dorsal to the portal vein and forms 

the roof of the epiploic foramen. These are handy 
landmarks for access to both veins). As the vein 

approaches the right part of the hepatic porta, it 
divides into right and left branches. The right 
branch, ramus dexter, immediately divides again 
into a ventral branch to the right medial lobe, a 
medial branch to the papillary process and a lat- 
eral branch to the right lateral lobe and the cau- 
date process. The left branch, ramus sinister, passes 
ventrolaterally and divides into two branches, one 
to the fused left medial and quadrate lobes, the 
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other to the left lateral lobe. (The branching of the | 
portal vein very closely follows that of the hepatic | 
artery). Variations to this pattern of branching are | 
common. 

Venous drainage: Blood from the central veins of | 
the liver lobules collect in small interlobular veins | 
that join to form intralobar veins. These unite to | 
form right, middle, and left hepatic veins that enter | 
the caudal vena cava. The hepatic vein that drains | 
the caudate process is the first or most caudal to | 
enter the caval vein. The vein from the right lateral | 

lobe opens independently and just cranial to the | 
latter, while the vein from the right medial lobe | 
forms the middle hepatic vein and opens into the | 
floor of the caudal vena cava. The left hepatic vein | 

drains the left lateral and medial lobes, as well as | 
the quadrate lobe and papillary process and opens | 

into the caudal vena cava, just to the left of the 

middle hepatic vein. (Note: Corrosion casts of the 

hepatic vasculature showed that the hepatic artery 
and its larger branches remained close to the vis- 
ceral surface of the liver. in contrast to the arteries, 
the portal and hepatic veins branched in the depth 
of the organ.) 

Innervation: The liver is supplied by both affer- 

ent and efferent fibers from the vagus nerves, and 

by sympathetic fibers from the celiac plexus. 
Lymph drainage is via the hepatic lymph nodes. 

The pancreas (Figs. 5-10 and 5-11) is V shaped, | 
pinkish gray and lobulated. It consists of a body 
and left and right lobes. 

The body, corpus pancreatis, forms the bottom of 

the V and lies in the mesoduodenum, close to the 
pylorus. 

The right lobe, lobus pancreatis dexter, is long and 
narrow. It lies in the mesoduodenum, close to the 

duodenum itself. The lobe extends caudally from 
the pylorus to the caudal flexure along the descend- 
ing duodenum and then cranially along the ascend- 

ing duodenum for 2 to 3 cm. Its distal extremity is 
also attached to the base of the cecum. 

The left lobe, lobus pancreatis sinister, is shorter 

and broader than the right lobe. It crosses the me- 
dian plane and lies mainly against the dorsal body 
wall between the transverse colon and the stomach. 
The initial part of the lobe lies in the attachment 
of the greater omentum to the dorsal body wall, 
while the distal part lies within the greater omen- 

tum. 
The pancreatic secretion drains by many intra- 

and interlobular ducts into a large pancreatic duct 
or into an accessory pancreatic duct. The pancre- 

atic duct, ductus pancreaticus, begins in the distal 
end of the left lobe of the pancreas, passes through 
the left lobe and joins the accessory pancreatic 
duct. The accessory pancreatic duct, ductus pan- 
creaticus accessorius, drains the right lobe of the 
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Fig. 5-14. 
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Visceral surface of liver and stomach. 1 esophagus, 2 caudal vena cava, 3 caudate process, 4 right lateral 

lobe, 5 hepatic portal v., 6 duodenum, 7 right medial lobe, 8 gall bladder, 9 quadrate lobe, 10 left medial lobe, 11 left 

lateral lobe, 12 stomach, 13 papillary process. 

pancreas and opens into the ascending duodenum 
at the lesser duodenal papilla, about 20 cm from 
the pylorus. 

Blood supply: The cranial and caudal pancreati- 
coduodenal arteries are the main supply to the right 
lobe, while the pancreatic branch of the splenic ar- 
tery supplies the left lobe. 

Nerve supply: Sympathetic fibers from the celiac 
and cranial mesenteric plexuses reach the gland via 
the cranial and caudal pancreaticoduodenal arter- 
ies. 

Lymph drainage: The lymphatics from the pan- 
creas drain into the surounding duodenal, hepatic, 
splenic and mesenteric lymph nodes. 



Chapter 6. Respiratory System 

The respiratory system consists of the nose and 

nasal cavity, pharynx, larynx, trachea, bronchi and 

the lungs. 

Nose, Nasal Cavity and Paranasal Sinuses. 

The external nose, nasus externus, consists of a fixed 

bony case and a moveable cartilaginous framework. 

The walls of the bony portion of the nose are 
formed by parts of the incisive, maxillary and nasal 

bones (Fig. 1-5). They form the bony nasal aperture 
rostrally, to which the nasal cartilages, cartilagines 

nasi externi, attach. The cartilages consist of dor- 
solateral, ventrolateral and alar parts. The cartilag- 

inous portion of the nose is moveable by virtue of 
several skeletal muscles associated with it. 

The apical portion of the nose or nasal plane, 
planum nasale, is rounded and contains the nostrils. 

The skin of this area is pigmented and covered with 
fine, short hair. A narrow strip around the nostrils 

and the area between the nostrils are bare. A ver- 
tical groove divides the nasal plane into right and 

left halves. The groove extends downward and is 
continued on the upper lip by the philtrum. 

The nasal cavity, cavum nasi (Fig. 6-1), is the 

facial portion of the respiratory pathway. It extends 
from the nostrils to the choanae and is divided into 
right and left halves by the nasal septum. The nasal 
septum, septum nasi, consists of bony, cartilaginous 

and membranous parts. The bony part is formed 

by the perpendicular lamina of the ethmoid bone 

and the vomer, the cartilaginous part by the nasal 

cartilage, cartilago septi nasi, and the membranous 

part, pars membranacea, by connective tissue. 

The nostril, naris, opens into the nasal vestibule, 

vestibulum nasi. The latter is lined by skin and con- 

tains the opening of the nasolacrimal duct, ostium 

nasolacrimale, on the medial surface of the alar fold. 
There is an abrupt transition from the skin of the 

vestibule to the mucous membrane of the nasal 
cavity proper. 

The nasal cavity, cavum nasi, is surprisingly short 

and narrow. The rostral border of the choanae lies 
1.5 cm from the nostrils. The roof of the nasal cav- 

ity forms a fundus that extends caudally as far as 

the cribriform plate of the ethmoid bone. The nasal 

cavity is laterally compressed by the alveoli of the 

large upper incisor teeth. 

The nasal conchae are ossified scrolls that occupy 

the major portion of the nasal cavity. They include 

the dorsal nasal concha, concha nasalis dorsalis, 

middle nasal concha, concha nasalis media and the 

ventral nasal concha, concha nasalis ventralis. The 

nasal conchae divide the nasal cavity into nasal pas- 

sages or nasal meatuses. The dorsal nasal meatus, 

meatus nasi dorsalis, is between the dorsal nasal 

concha and the nasal bone. The middle nasal me-— 

atus, meatus nasi medius, is between the dorsal and 

ventral nasal conchae, and the ventral nasal meatus, 

meatus nasi ventralis, is between the ventral nasal 

concha and the floor of the nasal cavity. The com- 

mon nasal meatus, meatus nasi communis, is a nar- 

row vertical space on either side of the nasal sep- 

tum. It communicates freely with the other nasal 

meatuses. 
The choanae or caudal nares, choanae, are the 

openings of the two nasal passages into the naso- 

pharynx. They are about 1 cm long and face cau- 

doventrally. The rostral border of the choanae lies 
on a transverse plane just caudal to the upper in- 

cisors, the caudal border lies on a transverse plane 

just rostral to the first premolar teeth. 

Blood supply: Branches of the ethmoidal and 

sphenopalatine arteries supply the nasal cavity. 

Blood from the fundus of the nasal cavity drains 

into the cavernous sinus, while satellite veins drain 

the rest of the cavity. 

Innervation: The sensory innervation of the nasal 

cavity is by branches of the trigeminal and olfactory 

nerves. For the detail of the nerves, see the olfactory 

nerve and the ophthalmic and maxillary divisions 

of the trigeminal nerve. 

Lymph drainage: Lymph is drained by the man- 

dibular and retropharyngeal lymph nodes. 

The paranasal sinuses, sinus paranasalis, consist 

of two large cavities, one on each side of the me- 

dian plane. They pneumatisize the frontal, maxil- 

lary and lacrimal bones. The two cavities (left and 

right) are separated from each other by a median 

bony septum. The frontal, maxillary and lacrimal 

bones bound the sinus laterally, the frontal and 

maxillary bones bound it medially. A thin plate of 

bone separates the rostral part of its medial wall 

from the nasal cavity. The nasomaxillary opening, 

apertura nasomaxillaris, is very small. It lies at the 

lowest point of the sinus and opens into the middle 

meatus of the nasal cavity, lateral to the middle 

nasal concha. 

100 
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Fig. 6-1. Sagittal section of the head, medial view. 1 ventral nasal concha, 2 dorsal nasal concha, 3 middle nasal concha, 
2-5 ethmoid conchae, 6 hard palate, 7 nasopharynx, 8 soft palate, 9 pharyngeal opening of the auditory tube, 10 pala- 

topharyngeal arch, 11 aryepiglottic fold, 12 lamina of the cricoid cartilage, 13 epiglottis, 14 trachea, 15 vocal fold, 16 

thyroid cartilage. 

Pharynx. The pharynx (Fig. 6-1) connects the 
nasal cavity to the larynx and the oral cavity to the 
esophagus. It is divided into nasal, oral and laryn- 
geal parts. The respiratory and digestive pathways 
cross each other in the laryngeal segment of the 
pharynx. 

The nasopharynx, pars nasalis pharyngis (Fig. 6- 

1), connects the nasal cavity with the laryngophar- 
ynx. It extends from the choanae to the intraphar- 
yngeal opening. The nasopharynx is bounded 
ventrally by the hard and soft palates, laterally by 
the maxillary and palatine bones and dorsally by 
the vomer and base of the skull. Due to the rela- 
tively rostral position of the choanae the nasophar- 
ynx is exceptionally long and tube-like. The open- 
ing of the auditory (Eustachian) tube, ostium 
pharyngeum tubae auditivae, lies in its lateral wall 
of the nasopharynx, about 1 cm from the intra- 
pharyngeal. 

The palatopharyngeal arch, arcus palatopharyn- 
geus, is a mucosal fold along the lateral wall of the 
pharynx. It extends from the lateral end of the free 
border of the soft palate to the caudal wall of the 

pharynx. The left and right arches are continuous 
caudally to form the intrapharyngeal opening, os- 
tium intrapharyngeum. The latter is the caudal limit 
of the nasopharynx. 

The oropharynx, pars oralis pharyngis, connects 
the oral cavity with the laryngopharynx. It extends 
from the isthmus faucium rostrally to the base of 
the epiglottis caudally and is bounded dorsally by 
the soft palate, ventrally by the root of the tongue 
and laterally by the fauces. The isthmus faucium 1s 
the orifice between the oral cavity and the oro- 
pharynx. It is bounded ventrally by the root of the 
tongue, dorsally by the soft palate and laterally the 
palatoglossal arch, arcus palatoglossus. The latter are 
two mucosal folds that extend from the lateral sur- 
face of the tongue to the soft palate. The fauces are 
the lateral walls of the oropharynx. They contain 
the palatine tonsils, tonsilla palatina. The latter is 

an accumulation of lymphoid tissue in the mucosa 
of the oropharynx. It is a rounded body, about 3 
mm in diameter, located in the fauces just rostral 

to the epiglottis. It lies in a depression, the tonsillar 
fossa, fossa tonsillaris. The tonsil is partially ob- 
scured by a mucosal fold. 

The laryngopharynx, pars laryngea pharyngis, is 
that portion of the pharynx that lies dorsal and lat- 
eral to the larynx. It extends from the epiglottis 

rostrally to the limen of the esophagus. Its caudal 
limit, therefore, lies on a transverse plane through 
the caudal border of the cricoid cartilage of the lar- 
ynx. Dorsally the laryngopharynx communicates 
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Fig. 6-2. Laryngeal cartilages and trachea, left lateral view. 1 rostral horn of the cricoid cartilage, 2 corniculate process, | 

3 lamina of cricoid cartilage, 4 caudal horn of the of thyroid cartilage, 5 tracheal cartilage, 6 arch of the cricoid cartilage, 
7 thyroid cartilage, 8 base of epiglottis, 9 apex of epiglottis. 

with the nasopharynx through the intrapharyngeal 
opening. The laryngopharynx is divided into the 
piriform recess and the vestibule of the esophagus. 
The piriform recess, recessus piriformis, lies on ei- 

ther side of the larynx. The esophageal vestibule, 
vestibulum esophagi, lies caudal to the piriform re- 

Fig. 6-3. Laryngeal cartilages and trachea, dorsal view. 1 
apex of the epiglottis, 2 corniculate process, 3 muscular 

process, 4 lamina of cricoid cartilage, 5 tracheal cartilage, 

6 caudal horn of thyroid cartilage, 7 median crest, 8 thyroid 
cartilage, 9 aryepiglottic fold, 10 rostral horn of thyroid car- 
tilage. 

cesses and forms the entrance to the esophagus | 
(Fig. 6-1). A transverse mucosal fold, the limen | 

pharyngoesophageum, marks the pharyngoesopha- | 
geal junction. 

Blood supply: Branches of the maxillary and lin- | 
guofacial arteries supply the pharynx. The veins are | 
satellites of the arteries. For the detail of the vessels, | 

see the maxillary and linguofacial arteries. 
Innervation: Branches of the trigeminal, glosso- | 

pharyngeal and vagus nerves innervate the pharynx. | 
For the detail of the nerves, see the maxillary di- 

vision of the trigeminal nerve, and the glossopha- 
ryngeal and vagus nerves. 

Lymph drainage: Lymph is drained by the man- 

dibular and retropharyngeal lymph nodes. 

Larynx. The larynx (Figs. 6-1 to 6-5) consists 

of laryngeal cartilages, intrinsic laryngeal muscles | 

and a mucosal lining. It aids in vocalization. The _ 
larynx lies ventral to the atlas, directly caudal to the | 

root of the tongue and the soft palate. It is ap- 
proximately 1.8 cm long, 1.5 cm wide and 1.3 cm 

deep. 

The five laryngeal cartilages, cartilagines laryngis, 

are the cricoid, thyroid and arytenoid cartilages and | 
the epiglottis. 

The epiglottis, epiglottis, is the most rostral of the 
laryngeal cartilages. It is roughly triangular, with an 
attached base, basis, and a free apex, apex. The dor- 

sal or laryngeal surface, facies laryngea, is concave 

dorsally. Its lateral borders are attached to the cor- 

niculate processes of the arytenoid cartilages by the 
aryepiglottic folds, plica aryepiglottica. It is attached 
ventrally to the basihyoid bone by the hyoepiglottic 

muscles. It is attached to the thyroid cartilage cau- 

dally. 
The paired arytenoid cartilages, cartilago aryten- 

oidea, are irregular in shape with a base and artic- 
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Fig. 6-4. Laryngeal cartilages and trachea, ventral view. 1 

apex of epiglottis, 2 rostral horn of thyroid cartilage, 3 lam- 

ina of thyroid cartilage, 4 caudal horn of thyroid cartilage, 

5 tracheal cartilage, 6 arch of the cricoid cartilage. 

ular, dorsal, lateral and medial faces, and articulate 
with the rostrodorsal border of the cricoid cartilage. 
They have corniculate, muscular and vocal pro- 

cesses. The muscular process, processus muscularis, 

projects laterally from the lateral face and serves for 
the attachment of the cricoarytenoid and thyroar- 
ytenoid muscles. The vocal process, processus vo- 
calis, projects ventrally from the base and serves for 
the attachment of the vocal muscle and vocal liga- 
ment. The corniculate process, processus cornicula- 

tus, projects rostrodorsally from the dorsal face. It 
is attached to the epiglottis by the aryepiglottic fold. 
The articular face lies dorsomedially and bears an 
articular facet for articulation with the cricoid car- 
tilage. 

The thyroid cartilage, cartilago thyroidea, is the 
largest of the laryngeal cartilages. It forms the mid- 
dle portion of the larynx and is open dorsally. The 
thyroid cartilage consists of two laminae, lamina 
dextra et sinistra, which are united ventrally to form 
a deep trough. Each lamina is expanded dorsally to 
form rostral and caudal horns, cornu rostrale and 
cornu caudale, respectively. Rostral and caudal thy- 
roid notches, incisura rostrale and incisura caudale, 
separate the respective processes from the lamina. 

The rostral cornu articulates with the thyrohyoid 
bone. 

The cricoid cartilage, cartilago cricoidea, consists 

of an arch and a lamina to form a complete ring. 
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Fig. 6-5. Laryngeal cartilages, cranial view. 1 glottic slit, 

2 corniculate process, 3 epiglottis, 4 thyroid cartilage, 5 

aryepiglottic fold. 

The expanded dorsal part is the lamina, lamina car- 
tilaginis cricoideae. It bears a longitudinal ridge, cris- 
ta mediana, along its dorsal surface. The arch, arcus 

cartilaginis cricoideae, extends ventrally from the 
lamina to complete the ring. 

The laryngeal cavity, cavum laryngis, is divided 
into three transverse segments. From rostral to cau- 
dal they are the laryngeal vestibule, glottis and in- 

fraglottic cavity. The epiglottis, aryepiglottic folds 
and the corniculate processes bound the laryngeal 
opening, aditus laryngis. The opening leads into the 
vestibule of the larynx. The vestibule of the larynx, 

vestibulum laryngis, is the portion of the laryngeal 
cavity rostral to the glottis. The glottis is the middle, 
narrow portion of the laryngeal cavity. It consists 

of paired vocal folds with the slit between the folds. 
The vocal process of an arytenoid cartilage and its 

associated muscle, ligament and the mucous mem- 
brane covering it forms a vocal fold, plica vocalis. 

Between the walls of the glottis is a narrow pas- 

sageway or glottic slit, the rima glottis. The slit leads 
into the caudal part of the laryngeal cavity. The 
infraglottic cavity, cavum infraglotticum, extends 
from the rima glottis to the cavity of the trachea. 
The thyroid and cricoid cartilages bound the infra- 
glottic cavity. 

Blood supply: The laryngeal artery supplies the 
larynx. The laryngeal veins are satellites of the ar- 

teries. 
Innervation: The larynx is innervated by the cra- 

nial and caudal (recurrent) laryngeal branches of 
the vagus nerves (see the vagus nerve for the detail 
of the branches). 

Lymph drainage: Lymph is drained by the ret- 

ropharyngeal lymph node. 

Trachea. The trachea (Figs. 6-1 to 6-5) ex- 

tends between the larynx and the lungs and is to- 
pographically divided into cervical and thoracic 
segments. It lies along the ventral border of the cer- 
vical and cranial thoracic vertebral bodies and con- 
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sists of approximately 23, dorsally incomplete car- 
tilaginous tracheal rings. The rings are irregular in 
width and the last one is almost triangular in shape. 
The tracheal rings are closed dorsally by the tra- 
cheal muscle. The trachea divides dorsal to the base 
of the heart, at the level of the second intercostal 
space, into the left and right primary bronchi. Each 
primary bronchus supplies a lung. 

The left primary bronchus, bronchus principalis 
sinister, divides into two secondary or lobar bron- 
chi, bronchi lobares, before it reaches the hilus of 
the lung. 

The right primary bronchus, bronchus principalis 

dexter, divides into four lobar bronchi. The first one 
comes off laterally and supplies the caudal lobe of 
the lung and the second one comes off ventrally 
and supplies the accessory lobe. The last branch di- 

vides into two, one each for the middle and cranial 
lobes. 

Blood supply: The cervical trachea is supplied by 
branches from the common carotid arteries, while 
the thoracic part of the trachea and bronchial tree 
are supplied by the bronchial branches of the bron- 
choesophageal artery (for the origin and course of 
the vessels, see the subclavian artery and its branch- 

es). Venous blood from the bronchial tree and lung 
tissue is drained by the bronchial veins that enter 

the azygos vein directly, or via an intercostal vein. 
Innervation: By tracheo-bronchal branches from 

the sympathetic trunk and vagus nerves. 

Lymph drainage: Lymph is drained by the me- 
diastinal lymph nodes. 

Thoracic Cavity and Pleurae. In the wider 
sense, the muscles and bones of the thoracic wall 
bound the thoracic cavity, cavum thoracis. A thin 

layer of subserous connective tissue, the endoth- 

oracic fascia, fascia endothoracica, covers the inner 
surface of the thoracic wall. It attaches the pleura 

to the thoracic wall. This thin layer of endothoracic 

fascia constitutes the true thoracic cavity. Dorsally 
the thoracic wall is formed by the thoracic vertebral 
bodies and the intra-thoracic part of the longus col- 
li muscles, laterally by the ribs and intercostal mus- 

cles, and ventrally by the sternum, costal cartilages 
and the transverse thoracic and intercostal muscles. 
The thoracic cavity is separated from the abdominal 
cavity caudally by the dome-shaped diaphragm. 
The thoracic inlet is bounded cranially by the first 
ribs and their costal cartilages, the longus colli mus- 
cles and the sternothyroid muscles. The trachea, 
esophagus, blood vessels and nerves and the con- 
nective tissue surrounding the structures (deep fas- 

cia of the neck) traverses the thoracic inlet. The 

deep fascia of the neck is continuous with the en- 
dothoracic fascia. 

Cranially the thorax is narrow. It widens caudal- 
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ly, making the thorax roughly cone-shaped. The di- 
aphragm extends craniomedially from its origin on 
the inner surfaces of the ribs and costal cartilages, 
forming a narrow recess (see below). 

The thoracic cavity contains the trachea and 
lungs, esophagus, heart, thymus, lymph nodes, 
blood vessels and nerves. 

The pleurae are the serous membranes that line 
the walls of the thorax and cover the lungs, heart 

and structures in the mediastinum. The pleura 
forms two complete sacs, one on either side, which 

are known as the pleural cavities. The left pleural 
cavity extends from the first rib to the diaphragm, 
the right pleural cavity extends from the second rib 
to the diaphragm. Each pleural cavity is only a po- 

tential cavity, containing a capillary film of serous 
fluid that moistens its surface. For the purpose of 
description, the pleura are designated as the parietal 
and pulmonary pleura. Except for the intervening 

capillary fluid, the pulmonary pleura lie in contact 

with the parietal pleura. 

The parietal pleura, pleura parietalis, forms the 
walls of the pleural cavities. It is subdivided into 
costal pleura, pleura costalis, that lines the walls of 
the thorax, mediastinal pleura, pleura mediastinalis, 
that lines the mediastinum, and the diaphragmatic 
pleura, pleura diaphragmatica, that lines the thorac- 

ic surface of the diaphragm. At the attachment of 
the diaphragm to the lateral thoracic wall the dia- 

phragmatic pleura reflects acutely forward onto the 
thoracic wall to form the costal pleura. The result- 
ing narrow space between the diaphragmatic and 
costal pleura is the costodiaphragmatic recess, re- 
cessus costodiaphragmaticus. The line of pleural re- 
flection passes from the seventh sternocostal junc- 
tion, through the genu of the eighth rib and then 
almost vertically to the middle of the last rib. (It 
crosses the seventh rib 2 cm, the eighth rib 1.5 cm 
and the ninth 1 cm ventral to the respective cos- 

tochondral junctions, and the tenth and eleventh 
ribs at the costochondral junctions). With maxi- 

mum inspiration the lungs can theoretically expand 
to the lines of pleural reflection, but in practice it 
probably never happens. To the right of the midline 

and mediastinum a fold of parietal pleura, the plica 
venae cavae, attaches the caudal vena cava to the 
sternum and diaphragm. The resulting space be- 
tween the plica vena cava and the mediasinum is 

the mediastinal recess, recessus mediastini. It con- 

tains the accessory lobe of the right lung. 
The mediastinal pleura can be topographically 

subdivided into the cranial mediastinal, pericardial, 

and caudal mediastinal pleura. The caudal medi- 
astinum is displaced to the left by the large acces- 
sory lobe of the right lung. It is therefore attached 
to the diaphragm to the left of the midline. 

The pulmonary pleura, pleura pulmonalis, ad- 
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Fig. 6-6. Thorax, right lateral view (intercostal muscles removed). 1 thoracic part of longissimus m., 2 thoracic part of 

semispinalis m., 3 iliocostalis m., 4 splenius m., 5 cranial lobe of lung, 6 heart, 7 middle lobe of lung, 8 caudal lobe of 
lung, 9 diaphragm. 

heres tightly to the surface of the lung and follows 
its outline. The pulmonary ligaments, ligg. pulmon- 
ales, are folds of pulmonary pleura that leaves the 
dorsomedial surface of each lung caudal to its hilus. 
They attach the caudal lobes of the lungs along 
their dorsomedial borders to the mediastinum. A 
separate fold of pulmonary pleura extends from the 
dorsal surface of the accessory lobe of the right lung 
to the caudal mediastinum (It attaches to the right 
wall of the infracardiac bursa). 

The mediastinum is the endothoracic fascia and 
mediastinal pleura along the midline of the thorax. 
It encloses the thymus, thoracic duct and lymph 
nodes, heart and blood vessels, trachea and bron- 
chi, and the vagus, phrenic and sympathetic nerves. 
The heart divides the mediastinum into cranial, 
middle and caudal divisions. The cranial mediasti- 
num lies in front of the heart, the middle medias- 

tinum contains the heart and the caudal mediasti- 
num lies caudal to the heart. The infracardiac 
bursa, cavum mediastini serosum, is a closed serous 

cavity to the right of the esophagus in the caudal 
mediastinum. The cavity extends from the dia- 
phragm to the heart and can communicate with the 
peritoneal cavity through the hiatus esophageus of 
the diaphragm. 

Lungs. The lungs, pulmo (Figs. 6-6 to 6-8), ex- 
tend laterally from the mediastinum. They reduce 
the pleural cavity to a potential space. The lungs 

are pyramidal in shape with a narrow apex, apex 

pulmonis, and a broad base, basis pulmonis, which 

rests on the diaphragm. Each lung is bounded dor- 
sally by the thoracic vertebral bodies, laterally by 
the ribs and costal cartilages, medially by the me- 

diastinum, ventrally by the sternum and caudally 

by the diaphragm. They therefore have dorsal, ven- 

tral (sternal) and basal (diaphragmatic) borders and 

costal, diaphragmatic and mediastinal surfaces. The 

bronchi, blood vessels and nerves enter the lung at 

the hilus, hilus pulmonis. The latter lies on the me- 

diastinal surface of the lung. 

The left lung, pulmo sinister, consists of one large, 

undivided lobe. Internally, according to the branch- 

es of the bronchus, it can be divided into cranial 

and caudal lobes. 
The right lung, pulmo dexter, consists of cranial, 

middle, caudal and accessory lobes. Interlobar fis- 

sures separate the lobes from each other. The fis- 

sures extend to the hilus, except for a small area 

along the dorsal border where the lung tissue of the 

cranial and caudal lobes is continues. In the em- 

balmed specimen the cranial lobe, lobus cranialis, 

extends from the second rib to the fourth costal 

cartilage along its ventral border and to the sixth 

rib along its dorsal border. It is separated from the 

middle lobe by the cranial interlobar fissure, fissura 

interlobaris cranialis. 

The middle lobe, lobus medius, lies caudoven- 
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Fig. 6-7. Thorax, left lateral view, intercostal muscles removed. 1! dorsal margin of left lung, 2 basal margin of left lung, 
3 diaphragm, 4 undivided left lung, 5 ventral margin of left lung, 6 apex of lung. 

Fig. 6-8. Thorax, ventral view, intercostal muscles removed. 1 manubrium, 2 apex of lung, 3 undivided left lung, 4 heart, 

5 diaphragmatic surface on the base of lung, 6 diaphragm, 7 cranial epigastric a., 8 xiphoid cartilage, 9 costal arch, 10 
caudal lobe of right lung, 11 middle lobe of right lung, 12 internal thoracica a., 13 cranial lobe of right lung, 14 first rib. 
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trally to the cranial lobe. It extends from the fourth 

rib to the fifth intercostal space along its ventral 
border and from the fourth to the sixth ribs along 
its dorsal border. It is separated from the caudal 

lobe by the caudal interlobar fissure, fissura inter- 
lobaris caudalis. The caudal lobe, lobus caudalis, ex- 

tends from the sixth to the eleventh ribs along its 
dorsal border. The accessory lobe, lobus accessorius, 

lies in the mediastinal recess. It is separated from 
the caudal and middle lobes by the plica vena cava 
and from the caudal lobe of the left lung by the 
caudal mediastinum. 
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Blood supply: Bronchial branches of the bron- 

choesophageal artery supply the lung tissue. The 
pulmonary arteries divide along the bronchial tree 

to form the capillary network around the alveoli of 
the lung for oxygenation of the blood. Oxygenated 
venous blood returns to the heart by means of the 

pulmonary veins. 
Innervation: Pulmonary branches from the sym- 

pathetic trunks and vagus nerves innervate the 
lungs. 

Lymph drainage: Lymph is drained by the trach- 
eobroncheal lymph nodes. 



Chapter 7. Urogenital Apparatus 

The urogenital apparatus consists of the urinary 

and reproductive organs. 
The urinary organs include the kidneys, ureters, 

urinary bladder and urethra. 

Kidney. The kidney, ren (Figs. 7-1 and 7-2), 
is bean-shaped, reddish-brown and weighs about 4 
gm. Both the right and left kidneys are 3 cm long, 
2 cm wide and 1.5 cm thick. Each kidney has cra- 
nial and caudal poles, medial and lateral borders 
and dorsal and ventral surfaces. The lateral border, 
margo lateralis, is convex and smooth. The medial 
border, margo medialis, is concave and indented by 
the cavity of the kidney, the renal sinus, sinus ren- 

alis. The entrance into the renal sinus is the renal 
hilus, hilus renalis. Blood vessels, nerves, lymphatics 

and the ureter enter or leave the kidney through 

the hilus. The renal sinus contains a variable 

amount of adipose tissue. 
Both kidneys are invested with a thin, fibrous 

capsule. The capsule dips inward at the hilus to line 
the walls of the renal sinus and to form the adven- 
titia of the renal pelvis. The dorsal surface, facies 
dorsalis, lies against the sublumbar muscles. 

Both kidneys are retroperitoneal in the sublum- 

bar region, one on either side of the aorta and cau- 

dal vena cava (Fig. 7-3). They are embedded in 
perirenal fat, except along the ventral surface which 

is covered by peritoneum. The amount of perirenal 

fat determines the extent to which the kidney is 

related to other abdominal organs. 
The left kidney extends from the caudal border 

of the second to the middle of the fourth lumbar 
vertebra. It lies slightly obliquely, with the caudal 

pole, extremitas caudalis, closer to the midline than 

the cranial pole, extremitas cranialis. The craniola- 

teral surface is medial to the spleen, the caudola- 

teral surface lies medial to the stomach and greater 

omentum, and the craniomedial surface lies lateral 
the pancreas. The second loop of the ascending co- 

lon lies against the caudoventral surface of the kid- 
ney. The left adrenal gland lies cranial to the renal 

blood vessels, between the cranial pole of the kid- 

ney and the aorta. 

The right kidney extends from the caudal border 
of the first to the caudal border of the third lumbar 

vertebra. Its cranial pole lies in the renal impression 

of the liver, the lateral surface lies against the de- 

scending duodenum and the ventral surface lies 

against the first loop of the ascending colon. The 
right adrenal gland lies cranial to the renal blood 
vessels, between the cranial pole of the kidney and 
the caudal vena cava. 

Internal features: The parynchema of the kidney 
consists of an outer cortex, cortex renis, containing 
the renal corpuscles and an inner medulla, medulla 

renis, made up of the renal tubules. The medulla 

forms four renal pyramids, pyramides renales. Each 

pyramid consists of a base and an apex or papilla, 
papilla renalis. The urinary secretory ducts or pap- 
illary ducts open on the papillae. Each papilla is 
surrounded by a space, the calyx, calices renalis, that 
receives the urine. The calices are continous with 
the renal pelvis. Outside the kidney the renal pelvis 
continues as the ureter. 

Blood supply: Renal arteries supply the kidneys. 
Both the renal arteries divide into two or more 
branches before they enter the hilus of the kidneys. 
Renal veins drain the kidneys. 

Innervation: Sympathetic and parasympathetic 

nerves form a dense network around the renal ves- 
sels and enter the kidney with the vessels. 

Lymph drainage: Through the renal or lumbar 
lymph nodes. 

Ureter. The ureter (Figs. 7-1 to 7-4) is a thin, 

fibromuscular tube that carries urine from the kid- 
neys to the urinary bladder. It begins at the renal 
pelvis and passes caudoventrally and medially to- 
wards the bladder. Both ureters are embedded in 
the retroperitoneal fat on either side of the abdom- 
inal aorta and caudal vena cava (Fig. 5-10). They 
are bounded dorsally by the psoas muscles. Along 
their course they lie dorsal to the testicular/ovarian 
blood vessels, pass ventral to the deep circumflex 

iliac and external iliac arteries and veins and finally 
cross the dorsal surfaces of the ductus deferens of 
the male or the uterine horns of the female. The 
ureters reach the dorsolateral aspect of the bladder 
caudal to the line of peritoneal reflection on the 

bladder. They therefore do not enter or pass in the 
lateral ligaments of the bladder, but remain retro- 
peritoneally. Each ureter opens into the bladder by 
means of a slitlike orifice, ostium ureteris. 

Blood supply: Ureteral branches from the renal 

and umbilical arteries. The veins are satellites of the 
arteries. 

Innervation: The autonomic nerves to the ureters 

come from the celiac and pelvic plexus. 
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Fig. 7-1. Right kidney, visceral surface. 1 cranial extremity, 

2 medial margin, 3 renal a., 4 renal v., 5 ureter, 6 caudal 

extremity, 7 lateral margin. 
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Urinary bladder. The urinary bladder, vesica 

urinaria (Figs. 7-3 and 7-4), varies in size, shape 

and position, depending on the amount of urine it 

contains. It receives urine from the kidneys, 

through the ureters, and stores it until it is disposed 

of through the urethra. The entire urinary bladder 
lies cranial to the pelvic inlet and is therefore ab- 

dominal in position (Fig. 5-8). When empty and 

contracted it is 2 cm long and 1 cm wide. The hold- 

ing capacity is about 35 mil. 

The urinary bladder consists of a body, corpus 

vesicae, and a neck, cervix vesicae, which is con- 

nected to the urethra. It is topographically related 

to the descending duodenum, cecum and small in- 

testine, as well as to the uterine horns of the female 

animal or the deferent ducts of the male. The extent 

of contact with the abdominal viscera is dependent 

on the degree of filling of the bladder. In the male 
the deferent ducts lie dorsal to the neck of bladder, 

in the female the fused uterine horns and cervices 

are in contact with the dorsal surface of the bladder. 

The body of the urinary bladder is held in po- 

sition by three ligaments. These are reflections of 

the peritoneum onto the bladder. The median lig- 

a 

— 

Fig. 7-2. Kidney, longitudinal section. 1 renal papilla, 2 renai sinus, 3 renal pelvis, 4 renal v., 5 ureter, 6 fibrous capsule, 

7 renal pyramid (medulla), 8 renal cortex. 
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Fig. 7-3. 
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Female urogenital tract, vental view. 1 left renal a. and v., 2 left kidney, 3 mesometrium, 4 left ureter, 5 ovary, 

6 uterine horn, 7 round lig. of uterus, 8 vaginal ring, 9 urethra, 10 urinary bladder, 11 body of uterus, 12 uterine tube, 
13 right ureter, 14 right kidney. 

ament of the bladder, lig. vesicae medianum, is re- 
flected from the ventral surface of the bladder to 
the linea alba as far cranial as the umbilicus. The 
lateral ligaments of the bladder, lig. vesicae laterale, 
connect the lateral surfaces of the bladder to the 
lateral abdominal walls. They are not directly at- 
tached to the body wall, but blend with the broad 

ligament of the uterus in the female, or with the 
mesorchium in the male. The neck of the bladder 

receives the ureters. It lies caudal to the line of the 
peritoneum reflection onto the bladder and is 
therefore retroperitoneal in position. 

Internally, each ureter forms a ridge or column, 
columna ureterica, under the mucous membrane of 
the bladder as they pass through the wall (Fig. 7- 
4). Their openings, ostium ureteris, lie close to each 
other in the neck of the bladder. A triangular area, 
irigonum vesicae, is formed between the columns. 
An indistinct, broad fold of mucous membrane, pli- 
ca ureterica, continues distally from the openings. 
The two folds meet and are continuous with a dor- 

sal median ridge in the urethra (see urethra). The 
neck of the bladder continues through the internal 
urethral opening, ostium urethrale internum, into 

the urethra. 
Blood supply: The cranial part of the bladder is 

supplied by the cranial vesical artery (a branch of 

the umbilical artery), and the neck by the caudal 
vesical artery (a branch of the prostatic/vaginal ar- 
tery). Venous blood is drained into the caudal vena 

cava. 
Innervation: Parasympathetic fibers from the pel- 

vic nerves and sympathetic fibers from the hypo- 
gastric nerves innervate the pelvis. 

Lymph drainage: By the hypogastric and lumbar 
lymph nodes. 

Urethra. The urethra (Fig. 7-4) originates at 

from the neck of the urinary bladder just cranial to 
the pelvic inlet. A short portion of the pelvic ure- 

thra therefore lies in the abdomen. 
In the female the urethra extends caudally to 
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Fig. 7-4. Male urinary bladder, opened ventrally. 1 urinary 

bladder, 2 ureter, 3 ureteric column, 4 ureteric opening, 5 

ureteric fold, 6 mucosal folds of urethra, 7 openings of pros- 

tate gland, 8 urethral crest, 9 seminal colliculus, 10 urinary 

bladder trigone, 11 deferent duct. 

meet the genital tract at the vagino-vestibular junc- 

tion (Fig. 7-5). Its dorsal wall is in close apposition 

to the ventral wall of the vagina. The female urethra 
is about 20 mm long and opens into the floor of 
‘the vagina at the urethral orifice, ostium urethrae 
externum. 

In the male the urethra carries both urine and 
semen to the distal end of the penis. It is 80 to 90 
mm long and is divided into pelvic and penile 
parts. The pelvic part, pars pelvina, consists of a 
very short (7 mm) preprostatic portion, pars pre- 

prostatica, and a longer prostatic portion, pars pros- 

tatica (Fig. 7-6). The prostatic partis approximately 
35 mm long and 7 mm wide and extends from the 
prostate gland to the bulb of the penis. Proximally 
it has a longitudinal crest, crista urethralis, along its 
roof. The crest is approximately 35 mm long and 

carries a slight enlargement, the colliculus semin- 
alis, colliculus seminalis, approximately 10 mm from 
its beginning. The deferent ducts and the ducts of 
the seminal vesicles open into the urethra on the 
dorsolateral surfaces of the colliculus seminalis, 
while the ducts from the prostate open more cau- 

dally along the urethral crest. Caudally, at the is- 
chial arch, the bulbourethral glands open by means 

of prominent ducts into the distal part of the pelvic 

LAL 

urethra (Fig. 7-4). The mucosa of the pelvic urethra 
has a large number of folds that are arranged in a 
herringbone pattern. 

The penile part, pars penina, of the urethra ex- 

tends from the ischial arch to the tip of the penis. 
It is approximately 45 mm long, 3 mm wide and 
lies in a groove on the penis. A thin vascular layer, 
the corpus spongiosum penis, surrounds the penile 
portion. The corpus spongiosum has two enlarge- 

ments; the first is the bulb of the penis, bulbus pe- 
nis, which lies between the two crura of the penis, 
the second is the glans, glans penis, which lies at 
the tip of the penis. The bulb of the penis is 1.3 
cm wide, 0.7 cm long and 0.6 cm thick. The bul- 

bospongiosus muscle covers the distal half of the 
penile bulb. The glans is about 0.1 cm in diameter. 

Blood supply: By urethral branches from the 
prostatic/vaginal and internal pudendal arteries. 
The artery of the penile bulb supplies the penile 
portion. The urethral veins are satellites of the ar- 
teries. 

Innervation: By nerves derived from the pelvic 

plexus. 

Male Genital Organs. The male genital or- 
gans consist of the testes and scrotum, the epidid- 
ymis, the deferent ducts, the accessory genital 
glands, the penis and the urethra. 

The scrotum is a pouch of skin located between 
the pelvic limbs, ventral to the abdomen and pelvis. 
It lies craniolateral to the penis and is divided into 

two compartments. During the breeding season 
each compartment contains a vaginal tunic and a 
testis with its associated structures. However, dur- 

ing the non-breeding season the testis and vaginal 
tunic are abdominal in position and the scrotum is 
empty. The wall of the scrotum consists of an outer 
layer of skin and an inner layer of smooth muscle, 

the tunica dartos. 
Blood supply: The principal blood vessel to the 

scrotum is the scrotal branch of the external pu- 
dendal artery, with minor contributions from the 
internal pudendal artery. The veins are satellites of 
the arteries. 

Innervation: The scrotum is innervated by the 
genitofemoral and superficial perineal nerves. 

The testes (Figs. 7-6 and 7-7) are located in the 

abdominal cavity during the non-breeding season 
and in the scrotum when the animal is sexually ac- 
tive. They are oval in shape and vary in size, de- 
pending on the season. During the non-breeding 

season they are about 17 mm long, 10 mm wide 

and 15 mm thick. During the breeding season they 
are 25 mm long, 15 mm wide and 15 mm thick. 
They have capital and caudal extremities, lateral 
and medial surfaces and free and epididymal bor- 
ders. The head of the epididymis is very loosely 
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Fig. 7-5. Isolated female genital tract, vagina opened dorsally. 1 mesometrium, 2 ovary, 3 ovarian blood vessels, 4 

urinary bladder, 5 uterine body, 6 vagina, 7 vaginal vestibule, 8 clitoral fossa, 9 clitoris, 10 external urethral opening, 11 
right cervix, 12 left cervix, 13 uterine horn, 14 uterine tube, 15 mesosalpinx, 16 fimbria of uterine tube, 17 ovary, 18 

suspensory lig. of ovary. 

attached to the capital extremity, extremitas capi- 

tata, of the testis, while the caudal extremity, ex- 
tremitas caudata, is more closely associated with the 
tail of the epididymis. The free border, margo liber, 
lies ventral and the epididymal border, margo epi- 
didymalis, dorsolateral. In the scrotal position the 

testes are orientated longitudinally with the capital 
extremity facing cranially. 
A thick, fibrous capsule, the tunica albuginea cov- 

ers the parenchyma of the testis. Efferent ductules, 

ductuli efferentes, pass from the craniomedial pole 
of the testis to the head of the epididymis. 

The vaginal tunic, tunica vaginalis, is a pouch of 
peritoneum that extends into the scrotum. It con- 
tains the vaginal cavity, cavum vaginale, which 
freely communicates with the peritoneal cavity. 
When the testis is descended, the parietal layer, 
lamina parietalis, lines the inside of the scrotum 

and is reflected unto the testis and associated 
structures as the visceral layer, lamina visceralis. 
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Fig. 7-6. 
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Isolated male genital tract, dorsal view. 1 mesorchium, 2 body wall at the inguinal canal (cut), 3 peritoneum 
forming the vaginal ring, 4 vaginal tunic, 5 deferent duct, 6 vesicular gland, 7 urethra, 8 duct of bulbourethral gland, 9 
bulb of penis, 10 internal lamina of preputium, 11 frenulum of preputium, 12 glans of penis, 13 free part of penis, 14 

penis, 15 crus of penis, 16 bulbourethral gland, 17 prostate, 18 ureter, 19 urinary bladder, 20 ligament of the tail of 

epididymis, 21 tail of epididymidis, 22 testis, 23 deferent duct, 24 parietal layer of vaginal tunic, 25 mesoductus deferens, 
26 testicular a. 

The visceral layer invests the testis, epididymus 
and deferent duct. All the viscera of the scrotum 
are therefore suspended from the scrotal and lat- 
eral body walls by a double fold of peritoneum, 
the mesorchium, mesorchium, that extends from 

the parietal layer lining the scrotal wall to the vis- 
cera] layer that invests the organs. The attachment 

and structure of the mesorchium is similar to that 
of the broad ligament of the uterus (see below). 

During the non-breeding season the testis is re- 

tracted into the abdomen and the parietal layer of 
the vaginal tunic is inverted into the peritoneal 
cavity. It forms a loosely folded area of peritone- 
um at the deep inguinal ring. 
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Fig. 7-7. 
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Isolated testis, vaginal tunic opened. 1 deferent duct, 2 mesoductus deferens, 3 mesorchium, 4 cremaster m., 

5 parietal layer of vaginal tunic, 6 ligament of the tail of epididymis, 7 tail of epididymis, 8 proper ligament of testis, 9 

testis, 10 body of epididymis, 11 efferent ductules, 12 head of epididymis. 

The external cremaster muscle inserts on the ex- 
ternal surface of the vaginal tunic. 

Blood supply: The testis is supplied by the tes- 
ticular artery and drained by the testicular vein. The 
tortuous vessels are visible between the peritoneal 
covering of the testis and the tunica albuginea, me- 
dial to the epididymis. 

Innervation: The testis is innervated by the sym- 

pathetic nervous system. The nerve fibers accom- 

pany the testicular blood vessels. 

Lymph drainage: Lymphatics accompany the 
blood vessels and drain into the renal or lumbar 
lymph nodes. 

The epididymis (Figs. 7-6 and 7-7) is composed 
of a long, convoluted tube, ductus epididymidis. It 

lies along the dorsolateral border of the testis and 
is divided into a head, a body and a tail. The head 
of the epididymis, caput epididymidis, begins on the 
medial surface of the testis, and curves around the 
cranial extremity to attain a dorsolateral position. 
It is very loosely attached to the cranial extremity 

of the testis by the visceral layer of the vaginal tu- 
nic, blood vessels and efferent ductules. The blood 
vessels and nerves of the testis lie medial to the 
head of the epididymis. The body of the epididy- 
mis, corpus epididymidis, passes along the dorsolat- 

eral border of the testis, and is about 20 mm long 
and 2 mm wide. It is attached to the testis by a fold 
of vaginal tunic, the mesepididymis. The tail of the 
epididymis, cauda epididymidis, is loosely attached 
to the caudal extremity of the testis by the proper 

ligament of the testis, lig. testis proprium, and to the 
parietal layer of the vaginal tunic by the ligament 
of the tail of the epididymis, lig. caudae epididym- 
idis. It turns dorsally and cranially to continue as 

the ductus deferens. 
The ductus deferens (Figs. 7-4, 7-6 and 7-7) is the 

continuation of the duct of the epididymis. It ex- 
tends from the tail of the epididymis to the collic- 
ulus seminalis of the pelvic urethra. Initially it is 
convoluted, but gradually straightens out. Begin- 

ning at the tail of the epididymis, it passes cranially 
along the medial border of the testis and enters the 
abdominal cavity through the inguinal canal. In the 
abdomen it lies in a fold of peritoneum, the me- 
soductus deferens. The duct passes dorsally, crossing 
the ventral surface of the ureter to reach the dorsal 
aspect of the neck of the bladder. It continues cau- 

dally between the urethra and the seminal vesicles 
and penetrates the prostate gland to open into the 

urethra on the colliculus seminalis. 
Blood supply: The ductus deferens and the epi- 
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didymis is supplied by the a. ductus deferentis, a 

branch of the umbilical artery. It accompanies the 
ductus deferens to the epididymis and anastomoses 
with the testicular artery. The veins are satellites of 

the arteries. The testicular veins drain into the cau- 
dal vena cava. In some animals the left testicular 
vein drains into the left renal vein. 

Innervation: The nerves to the ductus deferens 
are autonomic, arising from the pelvic plexus. The 

fibers are distributed with the blood vessels. 
Lymph drainage: Lymph is drained through the 

medial iliac lymph nodes. 

Accessory Genital Glands. The paired vesic- 
ular glands, gil. vesiculares (Fig. 7-6), are elongated, 

lobular glands situated dorsal to the ductus defer- 
ens and the neck of the bladder. They are about 1 
cm long and 0.3 cm wide. The ducts of the glands 
open into the ductus deferens. 

The prostate gland, prostata (Fig. 7-6), lies caudal 

to the vesicular glands and is attached to the dorsal 
aspect of the urethra. It consists of two lobes that 
fuse to form a dorsoventrally flattened, circular 
mass. The prostate gland is about 0.7 cm in di- 
ameter and 0.3 cm thick. The ducts of the glands 
open into the prostatic part of the urethra, lateral 
to the colliculus seminalis. 

The paired bulbourethral glands, g/l. bulboureth- 
rales (Fig. 7-6), are two circular, laterally com- 

pressed glands situated at the level of the ischial 

arch. They lie dorsal to the urethra and just cranial 

to the penile bulb. The glands are about 0.7 cm in 
diameter and 0.3 cm wide. Their ducts open into 

the terminal part of the pelvic urethra. 

Blood supply: Branches from the prostatic artery 

supply the vesicular and prostate glands. Branches 

off the internal pudendal artery supply the bulbo- 
urethral glands. The veins are satellites of the ar- 
teries. 

Innervation: Fibers from the pelvic and hypogas- 
tric nerves reach the accessory genital glands via the 
pelvic plexus and blood vessels. 

Lymph drainage: Lymph is drained through the 

medial iliac lymph nodes. 
The penis (Figs. 4-2 and 7-6) has three principle 

divisions: root, body and glans. 

The root of the penis, radix penis, is formed by 
two crura, crus penis, which are attached to the is- 
chial tuberosities. A crus consists of vascular spaces, 

the corpus cavernosum penis, enclosed by a tough, 
fibrous coat, the tunica albuginea corporum caver- 
nosorum. Each crus is covered by an ischiocaver- 
nosus muscle. As the two crura pass ventrally and 
cranially they converge and fuse with each other to 
form the body of the penis. The other components 

of the penile root are the urethra and penile bulb. 
The penile bulb is an enlargement of the vascular 
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spaces around the urethra that continues distally as 
the corpus spongiosum penis. 

The body of the penis, corpus penis, is continuous 
with the root. It passes cranioventrally for about 30 
mm and then makes an acute ventrocaudal flexure. 
The flexure lies between the two halves of the scro- 
tum. The body of the penis continues caudally for 

another 25 mm and ends at the glans penis. The 
penile urethra lies in a groove, 0.3 cm wide, on the 

caudal (before the flexure) and dorsal (after the 

flexure) surfaces of the penile body. The last 5 mm 
of the penis lies free in the preputial cavity and is 
the pars libera penis. The corpus cavernosum of the 
free part of the penis is replaced by bone, forming 

an os penis or baculum. 

The glans penis is a small, rounded enlargement 
of the corpus spongiosum at the tip of the penis. 
It measures about 1 mm in diameter. The external 
opening of the urethra lies on the glans penis. 

Blood supply: The crura and corpus cavernosum 

are supplied by the deep penile arteries, the bulb of 
the penis, corpus spongiosum and glans penis are 

supplied by the artery of the penile bulb and the 
surrounding tissues (adnexa) are supplied by the 

dorsal penile artery. The dorsal penile vein drains 

the penis. 
Innervation: The penis is supplied by the puden- 

dal nerve and receives autonomic fibers from the 
pelvic plexus. 

Lymph drainage: Lymph is drained by the su- 
perficial inguinal lymph nodes. 

The prepuce, preputium (Fig. 7-6), is a fold of 
skin reflected over the penis. It is composed of two 

layers, a lamina externa consisting of skin covered 
with hair, and a lamina interna consisting of strat- 

ified squamous epithelium that lines the preputial 
cavity. The external lamina is continuous with the 
internal lamina at the preputial orifice, ostium pre- 
putiale, that is the entrance into the preputial cav- 
ity, cavum preputiale. The lamina interna is reflect- 
ed onto and attached to the free part of the penis. 
A thin fold of the internal lamina, the frenulum 
preputii, extends from the ventral surface of the pe- 
nis to the preputial orifice. The preputial cavity is 
about 15 mm deep. It is obliterated when the penis 
is extruded. The preputial orifice lies 30 to 40 mm 
cranioventral to the anus. 

Blood supply: Branches from the external puden- 
dal artery supply the preputium. The preputial 
veins are satellites of the arteries. 

Innervation: By branches of the genitofemoral 
nerve. 

Lymph drainage: Lymph is drained through the 

superficial inguinal lymph nodes. 

Female Genital Organs. The female genital 
organs consist of the ovaries, uterine tubes, uterus, 
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vagina, vulva, and clitoris. The ovaries, oviducts 

and uterus are abdominal in position. They are sus- 
pended from the dorsolateral body walls by the 
broad ligament of the uterus. 

The broad ligament, lig. latum uteri, is a double 
fold of peritoneum that suspends the female genital 
organs from the dorsolateral abdominal wall and 
pelvic cavity. It also contains vessels and nerves to 

the genitalia and serves as an important fat depot. 
The attachment of the broad ligament extends from 
the last rib to the pelvic inlet along a line about 10 
mm from the dorsal margin of the transverse ab- 
dominal muscle. In the pelvic cavity the ligament 
is reflected off the uterus onto the rectum dorsally, 

ventrally onto the urinary bladder and laterally 

onto the wall of the pelvic cavity. A peritoneal fold 
that extends from the ovary to the inguinal canal 
arises from the ventral surface of the broad liga- 
ment. It contains the round ligament, lig. teres uteri, 
of the uterus. The peritoneal extension through the 
inguinal canal is the vaginal tunic. Its development 
varies from animal to animal. Following the struc- 

ture that it suspends, the broad ligament is divided 
into the mesovarium, the mesosalpinx and the me- 

sometrium. 
The mesovarium, mesovarium, is the part of the 

broad ligament that attaches the ovary to the ab- 

dominal wall. 

The mesosalpinx, mesosalpinx (Fig. 7-5), extends 

laterally from the mesovarium to suspend the uter- 

ine tube. The space between the mesovarium and 

mesosalpinx is the ovarian bursa, bursa ovarica. The 

bursa is wide open ventromedially and does not 

enclose the ovary. 

The mesometrium, mesometrium (Fig. 7-5), sus- 

pends the uterine horns. It is continuous cranially 
with the mesovarium. It begins at the cranial edge 
of the uterine horn and extends caudally to the 
point where the peritoneum of the broad ligament 

reflects onto the urinary bladder and the colon. 
The ovary, ovarium (Figs. 7-3 and 7-5), lies in 

the abdominal cavity caudal to each kidney. They 
lie against the abdominal wall, opposite the bifur- 

cation of the abdominal aorta on a transverse plane 

through the sixth lumbar vertebra. In the inactive 

state they are approximately 4 mm long, 1.6 mm 
wide and weighs 25 mg. However, during estrous 

they are 9 to 10 mm long, 3 to 9 mm wide and 
weighs 50 to 150 mg. During estrous up to 13 to 
15 follicles can develop and ovulate, resulting in 

multiple corpora lutea. They have medial and lat- 
eral surfaces, free and mesovarian borders and uter- 
ine and tubal extremities. The ovary is attached to 
the last rib by its suspensory ligament, lig. suspen- 
sorium ovari, and to the tip of the uterine horn by 
its proper ligament, lig. ovarii proprium. Both liga- 
ments lie within the broad ligament. 
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Blood supply: The ovaries are supplied by the 
ovarian arteries and drained by the ovarian veins. 

Innervation: Sympathetic fibers reach the ovaries 
from the renal and aortic plexuses. 

Lymph drainage: By means of the ovarian lymph 
nodes. 

The uterine tube, tuba uterina (Figs. 7-3 and 7- 
5), extends from the ovary to the cranial end of the 

uterine horn, embedded between the two peritoneal 
layers of the mesosalpinx. It averages 15 mm in 
length and 2 mm in diameter. The infundibulum, 
infundibulum tubae uterinae, is the funnel shaped 
origin of the tube with an abdominal opening, os- 
tium abdominale tubae uterinae, into the peritoneal 

cavity. The infundibulum lies at the cranial pole of 
the ovary and its abdominal opening is fringed by 
poorly developed fimbria, fimbriae tubae. The uter- 
ine tube joins the tip of the uterine horn and opens 
into the latter by means of a small opening, the 
ostium uterinum tubae. 

The uterus, uterus (Figs. 7-3 and 7-5) has two 

long horns, a short, partially fused body and two 
cervices. The uterine horn, cornu uteri, is slightly 
convoluted and extends from the uterine tube to 
the cervix. In anestrus they are approximately 50 to 
60 mm long and | to 2 mm in diameter. During 

estrus they increase to 100 to 120 mm in length 
and 5 mm in diameter. The uterine horns present 

two borders, a mesometrial border along the at- 

tached surface and an antimesometrial free border. 
Caudally, the two horns fuse superficially to form 
a uterine body, corpus uteri, while they remain as 
two separate tubes internally. Externally, a shallow 
groove indicates the borders of the fused horns. 
Each tube communicates with the vagina through 
a cervix, cervix uteri. The cervical canal, canalis cer- 

vicis, extends from the internal opening in the uter- 

ine horn, ostium uteri internum, to the external 

opening in the vagina, ostium uteri externum. The 

caudal part of the cervix protrudes into the vagina 

to form a small portio vaginalils uteri. In anestrous 
the cervix is approximately 3 mm long and increas- 

es to 5 mm in length during estrus. 
Blood supply: By the uterine and ovarian arteries. 

The two vessels anastomose near the tip of the uter- 

ine horn. The veins are satellites of the arteries. 
Innervation: By sympathetic fibers from the hy- 

pogastric plexus and parasympathetic fibers from 
the pelvic nerves. 

Lymph drainage: By the lumbar and hypogastric 
lymph nodes. 

The vagina (Fig. 7-5) extends from the cervix to 

the opening of the urethra in the floor of the tract. 
The vagina lies in the retroperitoneal space on the 
floor of the pelvic canal and is separated from the 
rectum by a sheet of connective tissue. In the ma- 
ture animal it is approximately 22 mm long and 
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7.5 mm in external diameter. The two cervices open 
separately into the cranial part of the vagina with- 
out forming a distinct fornix. The vagina ends at 
the level of the urethral opening. In the live animal 
it is demarcated from the vestibule by a low, trans- 

verse mucosal ridge. 
The vaginal vestibule, vestibulum vaginae (Fig. 7- 

5), is the terminal part of the female genital tract. 
It extends from the urethral opening to the vulva. 
It is approximately 20 mm long and 7.5 mm in 
external diameter. 

Blood supply: By vaginal branches from the uter- 
ine and vaginal arteries. The veins are satellites of 
the arteries. 

Innervation: The vagina and vestibule are inner- 

vated by sympathetic and parasympathetic fibers 

from the pelvic plexus. 
Lymph drainage: Both the vagina and vestibule 

are drained by the medial iliac lymph nodes. 
The vulva, pudendum femininum (Fig. 7-5), is the 

external genitalia of the female. It consists of two 
labia, Jabium pudendi, and the clitoris, clitoris. The 

two labia border the slit-like opening of the genital 

D7 

tract to the exterior and are covered by hair. They 
unite dorsally and ventrally, forming dorsal and 
ventral commissures. The clitoris is well developed. 
It consists of two vascular bodies or crura, crura 
clitorides, which are attached to the ischial arch, a 
body, corpus clitoridis, and a glans, glans clitoridis. 
The glans is located in a small depression of the 
vestibule, fossa clitoridis, just cranial to the ventral 
commissure. In the glans the corpus cavernosum of 
the clitoris is sometimes replaced by cartilage or 
bone, forming an os clitoridis. 

Blood supply: Branches of the vaginal and exter- 
nal pudendal arteries supply the labia, deep and 
dorsal clitoridal branches of the internal pudendal 
artery supply the clitoris. The veins are satellites of 
the arteries. 

Innervation: Somatic nerves, which innervate the 
external genitalia, arise from the pudendal and gen- 
ital nerves. The autonomic innervation of the ex- 
ternal genitalia is via the hypogastric and pelvic 
nerves. 

Lymph drainage: The vulva is drained by the su- 
perficial lymph nodes. 
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Adrenal Glands. The adrenal glands, glan- 
dula adrenalis (Fig. 5-11), are near the cranial poles 
of the kidneys, embedded in the perirenal fat. They 
are approximately 10 mm long, 5 mm wide and 5 
mm thick. The right adrenal gland lies between the 
cranial pole of the right kidney and the caudal vena 

cava, cranial to the renal blood vessels. The left ad- 
renal gland lies between the cranial pole of the left 
kidney and the abdominal aorta, cranial to the re- 

nal blood vessels. 
Blood supply: The adrenal glands are supplied by 

the adrenal arteries that arise from the abdominal 
aorta, or occasionally from the renal arteries. The 

veins are satellites of the arteries. 
Innervation: By a dense sympathetic nerve plex- 

us. 

Thyroid Gland. The thyroid gland, gl. thyro- 
idea (Fig. 4-5a), consists of two thin, elongated 

lobes, connected by an isthmus. Each lobe is ap- 

proximately 15 mm long and 5 mm wide. The isth- 

mus is 0.5 mm wide. On average the total mass of 

the thyroid is 28 mg. Both lobes lie dorsolateral to 

the larynx and trachea and are covered laterally by 

the sternothyroid muscle. The isthmus lies ventral 

to the second tracheal cartilage. The color of the 

gland varies from light to dark brown. 
Blood supply: By thyroid arteries. 

Innervation: By autonomic fibers from the cra- 

nial cervical ganglion that accompanies the arteries 
to the glands. 

Parathyroid Gland. The parathyroid gland, 
gl. parathyroidea, is mostly embedded in the cran- 
iomedial part of the thyroid lobes. When visible 
they appear darker than the thyroid gland. In some 
animals they lie in the connective tissue medial to 

the thyroid gland. They are approximately 1 mm 
in diameter. 

Pineal Gland. The pineal gland, gl. pinealis, is 
associated with the diencephalon and lies in the 
roof of the third ventricle. It is approximately 1 mm 

in diameter. The pineal recess of the third ventricle 
extends into the gland 

Hypophysis. The hypophysis (Fig. 10-4) lies in 
the hypophyseal fossa of the sella tursica on the 

floor of the cranial cavity. It is attached to the di- 

encephalon by the hypophyseal stalk and is ap- 

proximately 5 mm in diameter and 2 mm thick. 
Blood supply: By the hypophyseal arteries from 

the cerebral arterial circle. 
There are other organs that have endocrine com- 

ponents e.g., the gonads, pancreas and the gut. 

These components however, do not form macro- 

scopically identifiable structures. 
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HEART AND PERICARDIUM 

The pericardium, pericardium, is the fibro-serous 
envelope of the heart. It consists of an outer fibrous 
pericardium, pericardium fibrosum, attached to the 

large blood vessels at the base of the heart, and an 
inner serous pericardium, pericardium serosum. The 

serous pericardium consists of a parietal layer at- 

tached to the inner surface of the fibrous pericar- 

dium, and a visceral layer that is attached to the 
surface of the heart to form the epicardium. The 
pericardial cavity, cavum pericardii, is the space be- 

tween the two serous layers. It contains a small 

amount of serous pericardial fluid. The heart and 

pericardium lie in the mediastinum and is therefore 

covered by mediastinal or pericardial pleura. A var- 

iable amount of adipose tissue is present between 

the pleura and pericardium. 

Heart, Cor (Figs. 9-3 and 9-4). The heart is 

cone-shaped and obliquely placed in the thorax 

(Fig. 9-1). It consists of two atria that receive re- 

turning venous blood and two ventricles that func- 

tion as muscular pumps to circulate the blood 

through the body and lungs. The heart has a broad 

base, basis cordis, and narrow apex, apex cordis, 
with a left face, facies auricularis, and a right face, 

facies atrialis. 

The heart of a woodchuck with a body mass of 

2.7 kg is about 35 mm long, 25 mm wide and 
weighs 7 gm. 

Orientation and Topography (Figs. 9-1 and 
9-2). The heart extends from the second inter- 

costal space to the cranial border of the fifth rib 

and fills the ventral halve of the thoracic cavity. A 
longitudinal axis through the heart lies at an angle 

of approximately 45° with the apex caudal and dis- 

placed to the left. The base of the heart faces cran- 

iolaterally (to the right) and lies to the right of the 

median plane. The right ventricle lies against the 

sternum and costal cartilages. It is covered by the 
left lung and the accessory lobe of the right lung. 

The left ventricle faces dorsally and is related to the 

accessory and middle lobes of the right lung and 

the tendinous center of the diaphragm. Thus the 
heart is ventral and medial to the lungs, cranial to 

the diaphragm, caudal to the thymus and dorsal to 

the sternum and costal cartilages. 

Surface Anatomy (Figs. 9-3 and 9-4). Su- 
perficially, the atria and ventricles are separated 
from each other by the coronary groove, sulcus co- 
ronarius. The coronary groove encircles the heart, 

except cranioventrally, where the conus arteriosus 
and pulmonary trunk intervenes. The groove is 
filled with adipose tissue and contains the coronary 
arteries. The interventricular grooves are distinct 

surface markings, indicating the position of the in- 
terventricular septum. They extend between the 

base and the apex of the heart and contain branches 

of the coronary arteries and small amounts of ad- 
ipose tissue. The left or paraconal interventricular 

groove, sulcus paraconalis interventricularis, begins 

to the left of the pulmonary trunk and passes along 
the cranioventral border of the ventricles to the 
apex of the heart. The right or subsinuosal inter- 
ventricular groove, sulcus interventricularis subsin- 

uosus, begins ventral to the caudal vena cava and 
passes along the caudodorsal border of the ventri- 

cles to the apex of the heart. 

Atria. The left and right atria and the associ- 
ated blood vessels form the base of the heart. In- 

ternally the atria are separated from each other by 
the interatrial septum. 

The right atrium, atrium dextrum, lies dorsal to 

the right ventricle. It consists of a fibro-muscular 
cavity and a muscular auricle. The fibrous part, s/- 
nus venarum cavarum, receives venous blood from 

the body by means of three caval veins and from 
the heart by means of the cardiac veins. It is sep- 
arated from the left atrium by the interartrial sep- 

tum, septum interatriale. Externally the right cranial 

vena cava is separated from the right auricle by the 

sulcus terminalis, sulcus terminalis. A muscular ter- 
minal crest, crista terminalis, represents the sulcus 

internally. A transverse muscular ridge, tuberculum 

intervenosum, situated internally between the caudal 

vena cava and the right cranial vena cava diverts 

the incoming blood from the veins through the 

right atrioventricular opening. The fossa ovalis, fos- 

sa ovalis, is a shallow depression in the interatrial 

septum caudal to the tuberculum intervenosum. It 

represents the foramen ovale of the unborn animal. 

The caudal vena cava opens into the caudal part 

of the right atrium. The left cranial vena cava passes 
between the left atrium and left ventricle to open 

into the coronary sinus, sinus coronarius. The latter 
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Fig. 9-1. Thoracic cavity, left lateral view. 1 vertebral v., 2 left subclavian a., 3 costocervical v., 4 recurrent laryngeal n., 

5 right bronchus, 6 vagal n., 7 esophagus, 8 sympathic trunk, 9 thoracic aorta, 10 dorsal vagal trunk, 11 ventral vagal 

trunk, 12 phrenic n., 13 caudal v. cava, 14 heart, 15 pulmonary wv., 16 left pulmonary a., 17 left cranial vena cava, 18 

thymus, 19 internal thoracic a., 20 axillary a., 21 axillary v., 22 brachial plexus. 

Fig. 9-2. Thoracic cavity, right lateral view. 1 sympathic trunk ganglion, 2 communicating branch, 3 sympathic trunk, 4 

thoracic duct, 5 thoracic aorta, 6 broncho-esophageal a., 7 dorsal intercostal a. and v., 8 right azygos v., 9 costocervical 

v., 10 axillary a., 11 brachial plexus, 12 axillary v., 13 right cranial v. cava, 14 internal thoracic a., 15 thymus, 16 vagal 
n., 17 heart, 18 pulmonary wv., 19 middle tracheobroncheal In., 20 phrenic n., 21 caudal v. cava, 22 ventral vagal trunk, 

23 dorsal vagal trunk. 
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Fig. 9-3. Heart, cranial view. 1 right cranial vena cava, 2 aorta, 3 pulmonary trunk, 4 left cranial vena cava, 5 conus 

arteriosus, 6 left auricle, 7 paraconal interventricular branch, 8 right ventricle, 9 apex of heart, 10 right cardiac v., 11 

caudal vena cava, 12 right auricle, 13 right atrium, 14 pulmonary wv. 

sinus lies ventrally to the opening of the caudal 
vena cava and also receives the veins draining the 
heart. The right cranial vena cava opens into the 
cranial part of the right atrium. The right atrioven- 
tricular opening leads from the right atrium to the 
right ventricle. 

The left atrium, atrium sinistrum, lies dorsal to 
the left ventricle. It receives all the pulmonary 
veins. The left auricle lies caudal to the right auricle 
and is separated from the latter by the pulmonary 
trunk and aorta. The left atrioventricular opening 
leads from the left atrium to the left ventricle. 

Ventricles. The two ventricles form the bulk 
of the muscular heart. The wall of the right ventri- 
cle is thin, that of the left ventricle is thick. Inter- 

nally the ventricles are separated from each other 

by a muscular septum, septum interventriculare. Ex- 

ternally the position of the interventricular septum 
is indicated by the interventricular grooves. 

The right ventricle, ventriculus dexter, lies against 
the sternum and costal cartilages and to the left of 
the midline. Its large right atrioventricular opening, 
ostium atrioventriculare, is guarded by the tricuspic 
or right atrioventricular valve, valva atrioventricu- 

laris dextra. The valve consists of three leaflets or 
cusps. The parietal cusp, cuspis parietalis, is attached 
to the lateral border of the opening, the septal cusp, 
cuspis septalis, to the septal or medial border of the 
opening and the angular cusp, cuspis angularis, to 

the cranial border of the opening. 
Fibrous cords, chordae tendineae, attach the free 

ends of the cusps to papillary muscles, mm. papil- 
lares. The outflow track of the right ventricle forms 
the arterial cone, conus arteriosus, that leads to the 

opening of the pulmonary trunk, ostium trunci pul- 
monalis. The latter opening is guarded by the pul- 
monary valve, valva trunci pulmonalis, which con- 
sists of three semilunar valvules, the valvula 

semilunaris dextra, intermedia et sinistra. 
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Fig. 9-4. Heart, caudal view. 1 right azygos v., 2 right cranial vena cava, 3 pulmonary v., 4 right pulmonary a., 5 

pulmonary vv., 6 caudal vena cava, 7 left ventricle, 8 left auricle, 9 left cranial vena cava, 10 right pulmonary a., 11 aorta. 

The left ventricle, ventriculus sinister, lies caudo- 
dorsally to the right ventricle and to the left of the 
midline. Its atrioventricular opening, ostium atriov- 

entriculare sinistrum, is guarded by the bicuspid or 
left atrioventricular valve, valva atrioventricularis 

sinistra. The valve consists of the septal cusp cuspis 
septalis which is attached to the septal or medial 
aspect of the opening and the parietal cusp cuspis 
parietalis which is attached to the lateral aspect of 
the opening. Chordae tendineae attach the free edg- 
es of the cusps to papillary muscles. The outflow 
track of the left ventricle leads to the opening of 
the aorta, ostium aortae. The opening is guarded by 
three semilunar valvules: the valvula semilunaris 
dextra, septalis et sinistra. 

Innervation: The heart is innervated by sympa- 
thetic fibres from the sympathetic trunk, cervico- 
thoracic ganglion and middle cervical ganglion and 
by branches from the vagus nerves. 

Vascular System of the Heart. Heart mus- 
cle is supplied by the coronary arteries. The right 
coronary artery, a. coronaria dextra, leaves the right 

caudolateral aspect of the aorta. The right auricle 
covers the aorta at its origin. The artery passes cran- 

iolaterally to reach the coronary groove, turns cau- 
dally as the right circumflex branch, r. circumflexus, 
and enters the subsinuosal interventricular groove 

as the subsinuosal interventricular branch, r. inter- 

ventricularis subsinuosus. It supplies atrial and ven- 

tricular branches. 
The left coronary artery, a. coronaria sinistra, 

leaves the left caudolateral aspect of the aorta. It 
passes to the left, caudal to the pulmonary trunk, 
to reach the coronary groove. At the coronary 
groove it gives off the paraconal interventricular 
branch, r. interventricularis paraconalis, and then 

continues caudally in the coronary groove as the 
left circumflex branch, r. circumflexus. Close to its 
origin the coronary artery gives off one or two sep- 

tal branches to the interventricular septum and 
supplies ventricular and atrial branches as it passes 
along the paraconal interventricular and coronary 
grooves. 

Cardiac veins drain the heart. The large cardiac 
vein, vena cordis magna, drains the area supplied by 
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the left coronary artery. It accompanies the artery, 

but in opposite directions. The right coronary vein, 

vena cordis dextra, drains the right atrium and ven- 

tricle and accompanies the circumflex branch of the 

right artery. The middle cardiac vein, vena cordis 

media, drains both ventricles in the vicinity of the 

subsinuosal interventricular groove. It accompanies 

the subsinuosal branch of the right coronary artery. 

All the main cardiac veins drain into the coronary 

sinus. Some of the minor right cardiac veins drain 
directly into the right atrium. 

ARTERIAL SYSTEM 

Aorta and its Branches (Figs. 9-1 and 9- 
2). The aorta leaves the left ventricle at the level 

of the third costal cartilage, just dorsal to the ster- 

num. It passes cranially for a short distance as the 

ascending aorta, then arches dorsally to form the 

aortic arch and finally passes caudally as the de- 
scending aorta. 

The ascending aorta, aorta ascendens, passes cra- 

nially for approximately 10 mm before it turns to 

the left and dorsally to form the aortic arch. It has 

a slight dilatation, the aortic bulb, bulbus aortae, 

immediately distal to the aortic valve. Both coro- 

nary arteries arise from the aortic bulb. The right 

coronary artery passes between the aorta and right 

auricle to reach the coronary groove. The left cor- 
onary artery passes between the pulmonary trunk 

and left auricle to reach the coronary groove. For 

the detail of their distribution, see the vascular sys- 

tem of the heart. 

The aortic arch, arcus aortae, lies opposite the left 

second costal cartilage. The first vessel that comes 

off the aortic arch is the brachiocephalic trunk, 

truncus brachiocephalicus. The brachiocephalic 

trunk passes cranially in the cranial mediastinum 

where it gives rise to the left and right common 

carotid arteries to the head (occasionally the two 
vessels have a common origin from the aortic arch). 

The brachiocephalic trunk then turns to the right 
as the right subclavian artery (for the detail of the 

distribution of the carotid arteries, see the arteries 

of the head and neck). The next vessel to come off 

the aortic arch is the left subclavian artery, a. sub- 
clavia sinister (Fig. 10-1). It arises just distal to the 

origin of the brachiocephalic trunk. 

The descending aorta, aorta descendens, passes 

caudally along the left ventrolateral border of the 

vertebral column. In the thorax it forms the tho- 
racic aorta, in the abdomen the abdominal aorta. 
The thoracic aorta, aorta thoracica, supplies dorsal 

intercostal arteries, aa. intercostales dorsales, to the 
third to twelfth pair of ribs (for the detail of their 

distribution see the arteries of the trunk). The tho- 
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racic aorta passes from the thorax to the abdomen 
between the two crura of the diaphragm. 

The abdominal aorta, aorta abdominalis, passes 

along the ventral border of the sublumbar muscles, 

to the left and dorsal to the caudal vena cava. 
Branches of the abdominal aorta supply the ab- 
dominal viscera and body wall. 

The lumbar arteries, aa. lumbales, leave the dor- 
sal aspect of the abdominal aorta at each lumbar 

vertebra. Each lumbar artery divides into a dorsal 

branch, ramus dorsalis, which supplies the sur- 
rounding muscles and a spinal branch, ramus spi- 
nalis, which enters the intervertebral foramen to 
supply the meninges and spinal cord. 

The celiac artery, a. celiaca, leaves the ventral sur- 

face of the abdominal aorta at the level of the first 
lumbar vertebra. It divides into the hepatic, left gas- 
tric and splenic arteries. 

The hepatic artery, a. hepatica, leaves the cranial 

surface of the celiac artery. Ten to 20 mm from its 
origin it gives off the gastroduodenal artery and 
continues to the liver over the lesser curvature of 
the stomach (between the caudal vena cava to the 

right, and the papillary process of the liver to the 
left). It enters the right part of the porta hepatis 
where it divides into left and right hepatic branches. 
The terminal part of the left branch gives off a small 
gastroesophageal artery that supplies the abdominal 
esophagus and cardia of the stomach. For the detail 
of the branches to the lobes of the liver, see the 

blood supply to the liver. 

The gastroduodenal artery, a. gastroduodenalis, 
passes to the right, dorsally to the pylorus of the 
stomach. It divides into the cranial pancreaticodu- 

odenal and right gastroepiploic arteries. 
The cranial pancreaticoduodenal artery, a. pan- 

creaticoduodenalis cranialis, passes along the dorsal 
border of the duodenum to supply the right lobe 

of the pancreas and the descending duodenum. 
The right gastroepiploic artery, a. gastroepiploica 

dextra, crosses the visceral surface of the pylorus 

and then turns to the right along the greater cur- 
vature of the stomach. It anastomoses with the left 
gastroepiploic artery. 

The left gastric artery, a. gastrica sinistra, divides 
into three branches which supply the lesser curva- 
ture of the stomach. The first branch supplies the 
visceral surface, the second branch the parietal sur- 
face and the third branch the pylorus of the stom- 
ach. 

The splenic artery, a. lienalis, comes off the cau- 
dal aspect of the celiac artery. It passes ventrally in 

the superficial leaf of the greater omentum, gives 
off a few branches to the spleen and continues 
along the greater curvature of the stomach as the 
left gastroepiploic artery, a. gastroepiploica sinistra. 

The latter anastomoses with the right gastroepiploic 
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artery and supplies the greater curvature of the 

stomach. 
The cranial mesenteric artery, a. mesenterica 

cranialis, leaves the ventral surface of the abdominal 
aorta at the level of the second lumbar vertebra. It 
passes ventrally in the mesentery and forms the 

blood supply to the intestine. Close to its origin it 

divides into many branches, each branch supplying 
a specific part of the intestine. From proximal to 

disal the following branches are given off: 
The middle colic artery, a. colica media, supplies 

the transverse colon and the second loop of the 

ascending colon. 
The right colic artery, a. colica dextra, supplies 

the first loop of the ascending colon. 
The caudal pancreaticoduodenal artery, a. pan- 

creaticoduodenalis caudalis, supplies the ascending 

duodenum and the left lobe of the pancreas. 
A colic branch, ramus colicus, supplies the initial 

(straight) part of the ascending colon. 
The next four or five branches are jejunal arter- 

ies, aa. jejunales, that supply the jejunum. 

The continuation of the cranial mesenteric artery 

is the ileocolic artery, a.ileocolica, that supplies the 
ileum and cecum. 

The left and right cranial abdominal arteries, aa. 

abdominales craniales, come off the abdominal aor- 
ta between the second and third lumbar vertebrae. 
They pass dorsal to the cranial poles of the kidneys 
and supply the cranial part of the dorsolateral ab- 
dominal wall. For the detail of the vessels, see the 
arteries of the body wall. 

The adrenal artery, a. adrenalis, arises just cranial 

to the renal artery of the same side. It supplies the 

adrenal glands. 
The renal arteries, aa. renales (Fig. 7-3), are 

paired. The right renal artery arises from the ab- 

dominal aorta at the level of the third lumbar ver- 
tebra and the left renal artery just caudal to it. Both 
renal arteries gives rise to caudolaterally directed 
vessels which pass ventral to the caudal poles of the 

kidneys. These branches supply the mesorchium in 

the male animal, or the broad ligament of the uter- 
us in the female animal. The caudal phrenic artery, 
a. phrenica caudalis, arises from the right renal ar- 

tery or directly from the abdominal aorta. It sup- 
plies the crura of the diaphragm. Both renal arteries 

divide into two or more branches before they enter 
the hilus of the kidneys. 

The caudal mesenteric artery, a. mesenterica cau- 

dalis, arises from the ventral surface of the abdom- 
inal aorta at the level of the sixth lumbar vertebra. 
The vessel lies within the mesocolon and divides 
into left colic and cranial rectal arteries. The left 
colic artery, a. colica sinistra, supplies the descend- 

ing colon. The cranial rectal artery, a. rectalis cran- 
ialis, passes along the dorsal surface of the rectum, 
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from the pelvic inlet to the anus. It supplies most 

of the rectum and its terminal branches supply the 
peri-rectal and peri-anal adipose tissue between the 
tail and anus. 

Deep circumflex iliac artery, a. circumflexa ilium 
profunda, arises from the aorta on each side be- 
tween the sixth and seventh lumbar vertebrae. The 
vessels pass laterally and are joined by the lateral 
cutaneous femoral nerves before they pass through 
the body wall, just ventral to the tuber coxa. For 

the detail of the area of supply of the vessel, see the 
arteries of the body wall. 

The testicular/ovarian artery, a. testicularis/ovar- 
ica, leaves the ventral surface of the abdominal aor- 
ta between the caudal mesenteric and deep circum- 
flex iliac arteries. Each passes distally in the 
mesorchium of the male or in the broad ligament 
of the uterus in the female. Before they reach the 
gonad each vessel gives off a branch that passes cra- 

nially to supply the mesorchium/broad ligament. 
The main vessel continues to the testis or ovary. It 

becomes very tortuous and is closely associated 
with the testicular/ovarian vein to form a pampi- 

niform plexus. In the female the ovarian artery also 
gives off a branch that supplies the uterine tubes 
and cranial part of the uterine horns. 

At the level of the seventh lumbar vertebra the 
abdominal aorta divides into three, forming the 
two common iliac arteries and the median sacral 
artery. For the detail of their distribution, see the 
arteries of the pelvis and pelvic limb. 

Brachiocephalic Trunk and Subclavian 
Arteries. The brachiocephalic trunk and subcla- 
vian arteries give rise to the vessels that supply the 

cranial and ventral parts of the thorax, the head, 

neck and the thoracic limbs. For the origin of the 
vessels, see the aortic arch. 

From its origin the left subclavian artery, a. sub- 

clavia sinistra (Fig. 9-1), passes craniodorsally, 
crossing the lateral surface of the intra-thoracic part 
of the longus colli muscle. At the level of the first 

intercostal space it gives off the left internal thoracic 
artery, then the left costocervical trunk and medial 

to the first rib, the left vertebral and left dorsal 
scapular arteries. It leaves the thorax cranial to the 
first rib and continues in the thoracic limb as the 
right axillary artery. 

The right subclavian artery, a. subclavia dextra, is 
the continuation of the brachiocephalic trunk after 
the common carotid arteries are given off. The first 
branch to leave the right subclavian artery is the 
right costocervical trunk, then the right internal 
thoracic, right dorsal scapular and right vertebral 

arteries. The right costocervical trunk gives off a 
large bronchoesophageal artery, a. broncho-esopha- 
gea (Fig. 9-2) close to its origin from the right sub- 
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clavian artery. The broncho-esophageal artery pass- 

es caudally in the mediastinum along the 
dorsolateral aspect of the trachea (between the tra- 

chea and right cranial vena cava). It gives off 
branches to the mediastinum, trachea and esopha- 
gus. At the bifurcation of the trachea it divides into 
two branches which continue to the lungs along the 
dorsal aspects of the bronchi. 

See the blood supply to the body wall for the 

detail of the arteries that originate from subclavian 
arteries. 

Arteries of the Head and Neck. The head 
and neck are supplied by two major vessels, the 
common carotid and vertebral arteries. For a de- 
tailed comparative description of the arteries of the 
head in sciurids see Tandler 1899. 

The common carotid artery, a. carotis communis, 

forms the main blood supply to the head, excluding 
the brain. In all sciurids the internal carotid artery 
obliterates after the origin of the stapedial artery, 
and the vertebral arteries supply the brain (Bugge 
1971; Guthrie 1963). At the thoracic inlet the left 

and right arteries lie between the longus capitis and 

cleidomastoideus muscles. In the neck they are con- 
tained in a fibrous carotid sheath, accompanied by 

the internal jugular veins and vagosympathetic 
trunks, in a muscular groove between the sterno- 
thyroid and the longus capitis muscles. They are 

therefore separated from the trachea and esophagus 
by muscle. 

Above the larynx the common carotid artery 
gives off a common stem for the internal carotid, 
occipital and condylar arteries. After a short course 
the internal carotid artery gives off the stapedial 
artery, a. stapedia. In some of the specimens ex- 
amined the stapedial artery left the common carot- 
id artery independently of the internal carotid ar- 
tery. 

The stapedial artery, a. stapedia, is the first 
branch of either the common carotid artery or the 
internal carotid artery. It passes rostrodorsally and 
enters the caudal part of petro-occipital fissure. 
Within the fissure it enters the petrous temporal 

bone, passes rostrally along the roof of the middle 
ear cavity and enters the cranial cavity through a 
foramen situated rostral to the petrous crest of the 
petrous temporal bone (see Fig. 2-11 for the fora- 

men). It gives off the middle meningeal artery, a. 
meningea media, and continues rostrally along the 

ventrolateral aspect of the cranial cavity. Along its 

intracranial course the vessel receives an anasto- 
motic branch from the maxillary artery through the 
petrotympanic fissure (Tandler 1899). The stapedial 
artery leaves the cranial cavity rostrally through the 
sphenofrontal foramen that opens into the caudal 

aspect of the bony orbit (see Fig. 2-7). As the vessel 

emerges from the foramen, it gives rise to the su- 

praorbital artery, the external ethmoidal and exter- 

nal ophthalmic arteries. For a detailed description 

of the stapedial artery and its extracranial branches, 
see Bugge 1971. 

The supraorbital artery, a.supraorbitalis, passes 
rostrodorsally along the dorsal wall of the bony or- 

bit and then through the supraorbital incisure to 
ramify in the muscle and skin above the eye. 

The external ethmoidal artery, a. ethmoidalis ex- 

terna, passes dorsally for a short distance and then 
enters the ethmoid foramen to reach the ethmoidal 
fossa of the cranial cavity. It anastomoses with the 
internal ethmoidal branch of the rostral cerebral ar- 
tery and then passes through the cribriform plate 

of the ethmoid bone. Its terminal branches ramify 
in the caudal part of the nasal cavity. 

The external ophthalmic artery, a. ophthalmica 
externa, supplies the muscles, sclera and surround- 

ing tissues of the eye. 
The occipital artery, a. occipitalis, arises from a 

common stem for the occipital, condylar and in- 

ternal carotid arteries. It passes dorsally, crossing 
the caudal surface of the paracondylar process and 
ramifies in the muscles of the cranial cervical and 

occipital regions. 
The condylar artery, a. condylaris, passes through 

the condylar canal of the occipital bone and sup- 
plies the periosteum and dura mater along the floor 
of the foramen magnum and basi-occipital bone. 

The internal carotid artery, a. carotis interna, 

comes off a common stem for the occipital, con- 

dylar and internal carotid arteries, or directly from 
the common carotid artery. In most animals the 
internal carotid artery is obliterated after the origin 
of the stapedial artery. In some animals a very small 
vessel remains that enters the petro-occipital fis- 
sure, passes rostrally and enters the cranial cavity 
through the carotid canal. It joins the cerebral ar- 
terial circle, but contributes minimally to the blood 

supply of the brain. 
The internal carotid nerve accompanies the ar- 

tery. 
The external carotid artery, a. carotis externa, is 

the continuation of the common carotid artery be- 
yond the origin of the common trunk for the in- 
ternal carotid, occipital and condylar arteries. Close 
to its origin the external carotid artery gives off the 
cranial thyroid and cranial laryngeal arteries. 

The cranial thyroidal artery, a. thyroidea cranialts, 

leaves the ventral aspect of the common carotid ar- 
tery and enters the cranial pole of the thyroid gland. 
It passes along the deep face of the gland, giving 
off small branches that enter and supply the glan- 

dular tissue. 
The cranial laryngeal artery, a. laryngea cranialis, 

leaves the ventral aspect of the common carotid ar- 
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tery and enters the larynx through the cranial la- 
ryngeal incisure. It supplies the mucosa, cartilages 

and muscles of the larynx. 
The external carotid artery continues rostrally 

along the dorsolateral surface of the pharynx. It 
gives off branches to the pharynx, passes medial to 
the stylohyoid bone and stylohyoid muscle, gives 

off the superficial temporal artery and then divides 
into the maxillary (internal maxillary artery of Tan- 

dler 1899) and linguofacial arteries. 
The superficial temporal artery, a. temporalis su- 

perficialis, passes dorsolaterally, crossing the caudal 
surface of the tympanic bulla. Just ventral to the 
external acoustic meatus it gives off the caudal au- 
ricular artery (posterior auricular artery of Tandler 

1899) and then it turns rostrally, crossing the base 
of the ear, deep to the parotid salivary gland. 

The caudal auricular artery, a. auricularis cau- 

dalis, passes dorsally along the caudal surface of the 
external ear canal. It supplies the pinna by means 
of three vessels, one along the lateral border, one 

along the medial border, and one along the middle 
of the caudal surface of the pinna. 

The superficial temporal artery continues ros- 

trally, deep to the parotid salivary gland. It gives off 
numerous branches to the parotid gland, gives rise 
to the masseteric artery, a. masseterica, to the mas- 

seter muscle, the transverse facial and rostral auric- 
ular arteries (anterior auricular artery of Tandler 
1899), and finally ramifies in the skin and muscle 
of the temporal region. 

The rostral auricular artery, a. auricularis rostral- 

is, supplies the ear canal and some of the muscle 
and skin along the rostromedial part of the pinna. 

The transverse facial artery, a. transversa faciet, 

passes rostrally along the ventral border of the zy- 
gomatic arch, accompanied by the transverse facial 

nerve and vein. It supplies the surrounding tissues, 

including the lateral canthus of the eye. 
The linguofacial artery, a. linguofacialis, gives rise 

to the lingual and facial arteries. In 50% of animals 

the two vessels arise separately from the external 
carotid artery. At the origin of the lingual artery a 
large pharyngeal branch comes off either from the 
lingual or maxillary artery. 

The lingual artery, a. lingualis, forms the blood 

supply of the tongue. It passes medial to the digas- 
tric muscle and enters the root of the tongue deep 

to the hyoglossal muscle and hyoid bone. The vessel 
is joined by the hypoglossal nerve as it passes ros- 
trally along the deep face of the genioglossus mus- 
cle. Along its course from the root to the apex of 
the tongue it gives off dorsally directed branches 
which supply the tongue. A pharyngeal branch, r. 

pharyngealis, leaves the lingual or maxillary artery, 
ramifies in the rostral part of the pharynx and sup- 
plies the palatine tonsil. 
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The facial artery, a. facialis (external maxillary 
artery of Tandler 1899), passes lateral to the digas- 
tric muscle, gives off the sublingual artery (sub- 
mental artery of Tandler 1899) and emerges super- 
ficially in the groove between the rostral belly of 
the digastric muscle and the ventral border of the 
masseter muscle. It curves dorsally along the rostral 
border of the masseter muscle and gives off branch- 
es to the lower lip, angle of the mouth and the 
caudal part of the upper lip, medial canthus of the 
eye and lateral nasal region. 

The sublingual artery, a. sublingualis, passes ros- 
trally along the deep face of the mylohyoid muscle. 
It supplies the floor of the mouth. Either the left 
or the right sublingual artery continues to the tip 
of the tongue, the other emerges superficially be- 
tween the two bellies of the digastric muscle to sup- 
ply the chin. 

The maxillary artery, a. maxillaris (internal max- 
illary artery of Tandler 1899), turns dorsally at its 
origin from the external carotid artery. It gives off 
the inferior alveolar artery as well as branches to 
the roof of the pharynx and pterygoid muscles be- 
fore it enters the caudal alar foramen. The vessel 
passes through the alar canal and emerges at the 
rostral alar foramen where it gives off small branch- 
es to the muscles of the eye, the lacrimal artery and 

then the large buccal and small minor palatine ar- 

teries. It continues rostrally along the ventral bor- 

der of the periorbita, giving off the sphenopalatine, | 
major palatine and malar arteries before it enters 

the maxillary foramen to become the infraorbital 
artery. 

The inferior alveolar artery, a. alveolaris inferior, 

enters the mandibular foramen, passes rostrally in 

the alveolar canal and emerges at the mental fora- 
men to supply part of the lower lip. Along its 
course in the alveolar canal it gives off branches to 
the teeth of the lower jaw. 

The buccal artery, a. buccalis (buccolabial artery 

of Tandler 1899), turns rostrolaterally, gives off 
branches to the temporal and masseter muscles and 

then ramifies in and supplies the tissues of the buc- 
cal region. 

The minor palatine artery, a. palatina minor, 
passes ventrally through the caudal palatine fora- 

men. It supplies the soft palate. 
The major palatine artery, a. palatina major, 

passes through the palatine canal and then rostrally 
along the ventral surface of the hard palate. It sup- 
plies the hard palate and surrounding tissues. 

The sphenopalatine artery, a. sphenopalatina, 
passes through the sphenopalatine foramen and 
then rostrally along the lateral wall of the naso- 
pharynx. It supplies the floor and walls of the na- 

sopharynx as well as the choanae. 
The malar artery, a. malaris, passes dorsally along: 



the rostral border of the bony orbit. It ramifies in 

the lower eye-lid and skin below the eye. 
_ The infraorbital artery, a. infraorbitalis, passes 

through the infraorbital canal and emerges at the 
infraorbital foramen. Within the canal it gives off 

branches to the upper teeth. Its terminal branches 

supply the lateral aspect of the nose and upper lip. 
The vertebral artery, a. vertebralis, arises from the 

subclavian artery and runs dorsocranially, leaving 

the thorax medial to the first rib. It passes medial 
to the transverse process of the seventh cervical ver- 
tebra and enters the transverse foramen of the sixth 
cervical vertebra. The vessel continues cranially 

through the transverse foramina of successive cer- 
vical vertebrae. At each cervical vertebra it gives off 

branches to the surrounding muscle, as well as spi- 

nal branches which enter the vertebral canal 
through the intervertebral foramina. The spinal 

branches join the ventral spinal artery. 
The vertebral artery passes through the lateral 

vertebral foramen of the atlas to enter the vertebral 
canal. It courses ventrally and is joined by the 
smaller ventral spinal artery. The left and right ver- 
tebral arteries anastomose on the ventral surface of 
the myelencephalon and continue rostrally as the 
basilar artery. The vertebral arteries form the main 

blood supply to the brain. 

Arteries of the Brain and Spinal Cord (Fig. 
9-6). The ventral spinal artery, a. spinalis ven- 

tralis, is formed by contributions from the spinal 
branches of the vertebral, intercostal, lumbar and 
sacral arteries. It lies in the ventral median fissure 
of the spinal cord and gives off branches that pen- 
etrate and supply the spinal cord. At the level of 

the atlas the ventral spinal artery joins the vertebral 
arteries. 

The basilar artery, a. basilaris, continues rostrally 
along the ventral surface of the myelencephalon. It 
gives off branches to the myelencephalon, inner ear, 

pons and cerebellum. At the rostral border of the 
pons the basilar artery divides into two caudal com- 
municating arteries, a. communicans caudalis. The 

vessels pass on either side of the hypophysis and 
form the caudal part of the cerebral arterial circle, 
circulus arteriosus cerebri. Each gives rise to a caudal 
cerebral artery, a. cerebri caudalis, which supplies 
the medial part of the cerebral hemisphere and is 
joined by the internal carotid artery. The latter ves- 

sel is minute and its contribution to the arterial 
supply of the brain is minimal. A small choroidal 
artery, a. choriodea rostralis, accompannies each op- 

tic nerve to supply the retina of the eye. The next 
vessel to leave the arterial circle is the middle ce- 
rebral artery, a. cerebri media, which supplies the 
lateral part of the cerebral hemisphere. The arterial 
circle continues as the rostral cerebral artery, a. cer- 
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ebri rostralis, which supplies the rostromedial aspect 
of the cerebral hemisphere and the olfactory bulb. 
They anastomose with the ethmoidal arteries (see 
the branches of the maxillary artery). Rostral to the 

optic chiasma the cerebral arterial circle is com- 

pleted by the rostral communicating artery, a. com- 

municans rostralis. The latter is a small vessel that 
connects the left and right rostral cerebral arteries. 

Arteries of the Trunk. The costocervical 
trunk, truncus costocervicalis, is a branch of the sub- 

clavian artery. From its origin the costocervical 
trunk passes dorsally, gives off the dorsal intercostal 

arteries to the first two ribs and continues as the 
deep cervical artery. The deep cervical artery, a. cer- 

vicalis profunda, leaves the thorax between the 
heads of the second and third ribs. It supplies the 
deep (epaxial) muscles of the caudal cervical and 
cranial thoracic regions. 

The dorsal intercostal arteries, aa. intercostales 

dorsales (Fig. 9-2), are a series of paired, segmen- 
tally arranged vessels to the thoracic wall. The first 
two pairs arise from the costocervical trunks and 

the rest from the thoracic aorta. All the vessels pass 
dorsolaterally to reach the caudal aspect of the ribs. 
From there they follow the arch of the ribs, accom- 
panied by the intercostal nerves and veins. They 
anastomose with the ventral intercostal arteries and 
supply the intercostal muscles and surrounding tis- 
sues, including the parietal pleura. 

The internal thoracic artery, a. thoracica interna 

(Figs. 9-1 and 9-2), arises from the ventral aspect 
of the subclavian artery at the level of the first in- 
tercostal space. It passes caudoventrally in the cra- 

nial mediastinum and gives off branches to the thy- 
mus and surrounding tissue. It continues caudally, 

deep to the transverse thoracic muscle and approx- 
imately 10 mm from the midline, giving off the 

ventral intercostal arteries to the ribs. 
The ventral intercostal arteries, aa. intercostales 

ventrales, cross the medial aspect of the costal car- 
tilages to reach the caudal aspect of the ribs. They 
anastomose with the dorsal intercostal vessels. 

Small perforating vessels arise from the internal 
thoracic artery. They supply the deep pectoral mus- 
cles and the medial aspect of the thoracic mammary 
glands. 

At the level of the seventh intercostal space the 

internal thoracic artery divides into the musculo- 
phrenic and cranial epigastrica arteries. The mus- 

culophrenic artery, a. musculophrenica, passes dor- 
solaterally between the diaphragm and the costal 
arch. It supplies the costal part of the diaphragm 
and the surrounding intercostal muscles. 

The cranial epigastric artery, a. epigastrica crant- 

alis, passes between the costal arch and the xiphoid 
cartilage to gain the deep face of the rectus abdom- 
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inis muscle (between the rectus and transverse ab- 

dominal muscles). It supplies both muscles and 

anastomoses with the caudal epigastric artery. 

The dorsal scapular artery, a. scapularis dorsalis, 
is a branch of the subclavian artery that leaves the 

thorax medial to the first rib and reaches the medial 
aspect of the shoulder where it divides into cranial, 

middle and caudal branches. All the branches lie 
on the lateral surface of the serratus ventralis mus- 
cle. The cranial and caudal branches accompany the 
dorsal thoracic vein and long thoracic nerve. The 

dorsal branch passes dorsocaudally to the insertion 

of the serratus ventralis muscle. It supplies the ser- 

ratus ventralis and rhomboideus muscles at their 

insertions on the scapula. 

The cranial abdominal artery, a. abdominalis 

cranialis, is a branch of the abdominal aorta. Form 

its origin it passes laterally, crosses the dorsal aspect 

of the cranial pole of the kidney, and is joined by 
the iliohypogastric nerve before it passes through 
the abdominal wall. The vessel accompanies the 
nerve and supplies the cranial part of the dorsolat- 

eral wall of the abdomen. 

The deep circumflex iliac artery, a. circumflexa 
ilium profunda, is a branch of the abdominal aorta 

that appears on the surface of the abdomen just 

ventral to the tuber coxae. It lies deep to the ac- 

companing vein and branches to supply the skin 

over the cranial gluteal, lateral femoral and caudal 

abdominal regions. One branch passes distally 

along the craniolateral aspect of the thigh. It ac- 

companies the lateral cutaneous femoral nerve to 

the knee. 

The external pudendal artery, a. pudenda externa, 

is a branch of the external iliac artery that emerges 
at the caudal angle of the superficial inguinal ring. 
In the male it lies deep to the tunica vaginalis of 

the testis. The vessel gives rise to the preputial/ 

mammary, ventral scrotal\labial and caudal super- 

ficial epigastric arteries. 
In the male the preputial branch, ramus prepu- 

tialis, supplies the preputium, and the ventral scro- 

tal branch, ramus scrotalis ventralis, supplies the 

scrotum. 

In the female the mammary branch, ramus mam- 

marius, supplies the inguinal mammary gland and 

the ventral labial artery, ramus labialis ventralis, 
supplies the vulva. 

The caudal superficial epigastric artery, a. epigas- 

trica caudalis superficialis, passes craniolaterally to 

supply the ventral abdominal region. At its origin 
the vessel lies 10 mm from the ventral midline, cov- 
ered by three or four superficial inguinal lymph 

nodes. In the female it forms part of the arterial 
supply to the inguinal and abdominal mammary 
glands. 
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Arteries of the Thoracic Limb. The subcla- 
vian artery leaves the thorax cranial to the first rib 
and enters the medial aspect of the axilla. It con- 

tinues as the axillary artery that forms the blood 
supply to the thoracic limb. 

The large axillary artery a. axillaris, passes distally 
along the medial aspect of the axilla. It gives rise to 
the superficial cervical, external thoracic, lateral 
thoracic, thoracodorsal and subscapular arteries. 

The superficial cervical artery, a. cervicalis super- 
ficialis, is the first branch of the axillary artery (in 
some specimens it comes from the subclavian ar- 
tery). It leaves the cranial border of the axillary ar- 
tery, ventral to the brachial plexus. The vessel gives 
off the suprascapular artery and continues cranially, 
deep to the maxillary vein, to supply the tissues at 
the base of the neck, including the superficial cer- 
vical lymph node. The suprascapular artery, a. su- 
prascapularis, accompanies the suprascapular nerve 
around the cranial aspect of the scapular neck to 
supply the supra- and infraspinatus muscles. 

The external thoracic artery, a. thoracica externa, 

leaves the craniomedial border of the axillary artery. 
It supplies the superficial pectoral muscles. 

The lateral thoracic artery a. thoracica lateralis, — 

leaves the caudomedial border of the axillary artery 
under cover of the brown adipose tissue of the ax- 

illa. It passes caudally along the deep face of the 
deep pectoral muscle, accompanied by the external 

thoracic vein and lateral thoracic nerve. The axillary 
lymph nodes are arranged along the initial part of 
the artery. The vessel branches profusely in the sur- 
rounding adipose tissue and supplies branches to 
the deep pectoral muscles. It appears superficially 
along the caudolateral border of the deep pectoral 
muscle and continues caudally on the abdominal 
muscles, supplying the surrounding tissues, includ- 
ing the two thoracic mammary glands. It finally 
anastomosis with the caudal superficial epigastric 
artery. 

The thoracodorsal artery, a. thoracodorsalis, 

leaves the caudal border of the axillary artery, distal 
to the origin of the lateral thoracic artery. It passes 
dorsocaudally in the groove between the latissimus 

dorsi and subscapular muscles, supplying branches 
to the surrounding muscles. The terminal branches 
of the artery emerge superficially behind the long 
head of the triceps muscle where it ramifies in the 

surrounding tissues, including the accessory axillary 

lymph node. 
The subscapular artery, a. subscapularis, leaves 

the caudal border of the axillary artery. It is the 

largest branch of the axillary artery and is accom- 
panied by the axillobrachial vein. It gives rise to the 
collateral radial artery and passes laterally across the 

caudal border of the shoulder joint, between the 
long head of the triceps and the teres major muscles 



and ramifies in the muscles caudolateral to the 

shoulder. The collateral radial artery, a. collateralis 

of the biceps brachii muscles). It continues distally 
in the antebrachium, deep to the radial carpal flex- 
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. radialis, arises from the subscapular artery caudal 

to the shoulder joint. It accompanies the radial 
nerve as the latter pass caudodistally in the arm 
between the triceps and brachial muscles. Along its 
course it supplies the triceps muscles. The artery 
appears superficially in the cubital fossa from un- 
derneath the lateral head of the triceps muscle to 
supply the skin of the cranial antebrachial region. 

Distal to the origin of the subscapular artery the 

axillary artery continues as the brachial artery. 

The brachial artery, a. brachialis, is the main ar- 

tery of the brachium. It passes distally along the 
medial aspect of the arm, in the groove between 
the medial head of the triceps and biceps muscles. 
The ulnar and median nerves, and the brachial vein 
accompany the artery. Along its course it gives rise 

to the deep brachial, bicipital, collateral ulnar and 
transverse cubital arteries. 

The deep brachial artery, a. profunda brachii, 
leaves the caudal aspect of the brachial artery to 
supply the triceps muscles. 

The bicipital artery, a. bicipitalis, leaves the cra- 
nial aspect of the brachial artery to supply the distal 
part of the biceps brachii muscle. 

The collateral ulnar artery, a. collateralis ulnaris, 

comes off the distal part of the brachial artery. It 
passes caudally along the medial aspect of the elbow 

and then turns distally on the caudal aspect of the 
antebrachium to supply the skin of the surrounding 

area. 
The transverse cubital artery, a. transversa cubiti, 

leaves the brachial artery at the level of the elbow. 
It passes from medial to lateral across the cubital 
fossa, deep to the brachialis and biceps brachii mus- 
cles. Along its course it gives off the superficial cra- 
nial antebrachial artery and then turns distally, un- 

der cover of the m. extensor carpi radialis, to supply 

all the extensors of the antebrachium. The super- 

ficial cranial antebrachial artery, a. antebrachialis 
superficialis cranialis, appears from underneath the 
lateral head of the triceps muscle and passes distally 
along the craniomedial aspect of the antebrachium, 
medial to the cephalic vein, to the carpus and ma- 
nus. On the manus it divides to form the dorsal 
superficial supply to the digits. The vessels to the 
first, fourth and fifth toes are reinforced by branch- 
es from the palmar arteries (see radial artery). 

The brachial artery continues in the antebrachi- 
um as the median artery, a. mediana. The vessel 
passes through the supracondylar foramen or cra- 
nially to the medial condyle of the humerus when 
the supracondylar foramen is absent. It crosses the 

craniomedial aspect of the elbow joint and passes 
between the humerus and the pronator teres mus- 
cle (between the pronator teres and the insertion 

or muscle. Proximally it gives off a small cranial 
interosseus artery, a large ulnar artery and the deep 
antebrachial artery. In the middle of the forearm it 
gives off the radial artery. Above the carpus it forms 
a sigmoid flexure and joins the median nerve on 
the caudomedial aspect of the deep digital flexor 
muscle. The median artery passes medial to the ac- 

cessory carpal bone, between the digital flexor ten- 
dons and the carpal pads and ends by forming the 
superficial palmar arterial arch from which the ves- 

sels that supply the manus arise. 

The cranial interosseus artery, a. interossea cran- 

ialis, passes distally in the interosseus space between 
the radius and ulna. It supplies the pronator qua- 
dratus muscle. 

The ulnar artery, a. ulnaris, passes caudodistally 
between the ulnar and humeral heads of the deep 
digital flexor muscle to join and accompany the ul- 
nar nerve. It supplies the surrounding muscles and 
anastomoses with the superficial palmar arch to re- 

inforce the supply to the digits. 

The deep antebrachial artery, a. profunda ante- 
brachii, leaves the caudal surface of the median ar- 
tery. It supplies the flexor muscles of the antebra- 

chium. 
The radial artery, a. radialis, passes craniodistally 

in the forearm, deep to the flexor carpi radialis 
muscle and appears superficially on the medial as- 

pect of the distal antebrachium. It gives off an anas- 
tomosing branch to the superficial cranial antebra- 
chial artery that reinforces the dorsal superficial 
supply to the manus and then divides into dorsal 
and palmar branches. The dorsal branch forms a 
poorly developed dorsal carpal rete, rete carpi dor- 
salis, on the dorsal aspect of the carpus. The palmar 
branch joins the small deep palmar arch. The con- 

tribution to the blood supply of the manus from 
the dorsal rete and deep palmar arch is minimal. 

Arteries of the Manus. The manus have su- 
perficial and deep dorsal and palmar vessels. Both 
dorsal and deep palmar vessels are poorly devel- 
oped ‘and contribute little to the arterial supply of 
the digits. The continuation of the median artery, 
the superficial palmar arch, forms the main supply 

to the digits. 
The superficial dorsal arteries of the digits are 

derived from the superficial cranial antebrachial ar- 
tery. At the carpus the vessel divides to supply a 
branch to each toe. Branches from the radial and 
collateral ulnar arteries reinforce the branches to 
the first and fifth toes. 

The deep dorsal arteries of the digits are derived 
from the dorsal carpal rete. The rete gives rise to 
small vessels that supply the proximal part of the 
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manus. The vessels do not reach the metacarpo- 
phalangeal joints. 

The palmar arteries of the digits are derived from 
the superficial and deep palmar arches. 

The superficial palmar arch, arcus palmaris su- 
perficialis, is the largest and is formed by the me- 
dian artery. It supplies a palmar digital artery to 

each toe. 
The palmar branch of the radial artery forms the 

deep palmar arch, arcus palmaris profundus. The 

arch gives rise to branches to each toe. The branch- 
es supply the short muscles of the manus and anas- 

tomose with the superficial palmar digital arteries 
at the level of the phalangodigital joints. 

Arteries of the Pelvis and Tail. The abdom- 
inal aorta divides at the level of the last lumbar 
vertebra into the two common iliac and the median 
sacral arteries. The three vessels supply the pelvis 
and its contents, the tail and the pelvic limb. The 
origin of the vessels that supply a specific area is 

very variable. In the following descriptions the or- 
igins most commonly found are used. 

The median sacral artery, a. sacralis mediana, 

passes caudally along the median pelvic surface of 
the sacrum. It gives rise to dorsally directed seg- 
mental sacral branches, rami sacrales, which enter 
the ventral sacral foramina. They supply the con- 

tents of the sacral canal. The median sacral artery 
continues along the ventral aspect of the tail as the 
median artery of the tail. 

The median artery of the tail, a. caudalis medi- 

ana, gives off dorsally directed vessels which anas- 

tomose along the lateral aspect of the tail to form 
the left and right ventrolateral arteries of the tail, 
a. caudalis ventrolateralis. Small branches leave the 

median and lateral arteries to supply the muscles 
and surrounding tissues of the tail. 

From its origin off the abdominal aorta the com- 
mon iliac artery, a. iliaca communis (Fig. 4-14), 

passes ventrolaterally, crossing the abdominal sur- 

face of the iliopsoas muscles. It gives rise to the 
cranial gluteal and iliacofemoral arteries before it 

divides into the external and internal iliac arteries. 
The cranial gluteal artery, a. glutea cranialis, 

leaves the dorsal aspect of the common iliac artery. 
It passes along the caudodorsal wall of the pelvic 

cavity and through the greater ischiadic foramen to 
supply the deep and middle gluteal muscles. 

The iliacofemoral artery, a. iliacofemoralis, leaves 
the dorsal aspect of the common iliac artery. It 

passes caudolaterally, between the iliopsoas muscle 
and the shaft of the ilium (approximately 1 cm dor- 
sal to the acetabulum) to reach the deep face of the 

tensor fascia lata muscle. The artery supplies the 

iliopsoas and tensor fascia lata muscles, as well as 
the surrounding tissues. 
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Close to its origin (approximately 10 mm) the 
internal iliac artery, a. iliaca interna, gives rise to 
the umbilical and caudal gluteal arteries and con- 
tinues in the pelvis as the internal pudendal artery. 

The umbilical artery, a. umbilicalis, leaves the 

ventral surface of the internal iliac artery. From its 
origin it passes caudomedially in the cranial part of 
the lateral ligament of the urinary bladder. It gives 
rise to an ureteric branch which supplies the ureter, 
a branch to the ductus deferens of the male animal 
and the cranial vesicle artery to the bladder. 

The caudal gluteal artery, a. glutea caudalis, is a 
large vessel that leaves the dorsal aspect of the in- 
ternal iliac artery. It passes caudodorsally along the 

lateral wall of the pelvic cavity, gives rise to the 
obturator and the first ventral sacral arteries and 
then it leaves the pelvic cavity through the lesser 
ischiadic foramen. The artery ramifies in the mus- 
cles on the lateral aspect of the pelvis. 

The obturator artery, a. obturatoria, supplies the 
intra pelvic muscles and and then passes through 

the obturator foramen to supply most of the medial 
thigh muscles (adductor group). 

The internal pudendal artery, a. pudenda interna, 

passes caudally into the pelvic cavity. It is closely 
attached to the dorsolateral border of the urethra 
in the male or the vagina in the female. It gives rise 
to the prostatic/vaginal artery, caudal rectal artery 
and the artery of the penis/clitoris. In the male the 
prostatic artery, a. prostatica, forms the main blood 
supply to the pelvic viscera of the male. It gives off 

the caudal vesical artery, a. vesicalis caudalis, to the 

neck and caudal part of the urinary bladder, the 

urethral artery, a. urethralis, to the urethra and 
branches to the prostate and seminal vesicles. As in 
the male, the vaginal artery, a. vaginalis, of the fe- 
male gives off arteries to the bladder and urethra, 

as well as the uterine artery. The uterine artery, a. 
uterina, is the main branch of the vaginal artery. It 
enters the mesometrium at the level of the cervix, 

supplies a branch to the vagina and passes cranially 
along the mesometrial border of the uterine horn. 
It supplies the uterus and anastomoses with the 

uterine branch of the ovarian artery. 
The prostatic/vaginal artery continues caudally 

along the ventrolateral aspect of the urethra/vagina. 

At the pelvic outlet it gives off the middle rectal 
artery, a. rectalis media, to the ventrolateral aspect 
of the rectum and the ventral perineal artery, a. 
perinealis ventralis, to the perineal region. 

The caudal rectal artery, a. rectalis caudalis, leaves 

the internal pudendal artery and enters the cranial 
border of the external anal sphincter. It is accom- 
panied by the caudal rectal nerve and supplies the 
rectum and anus. 

In the male, the artery of the penis, a. penis, sup- 
plies three branches to the penis, namely the deep 
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artery of the penis, the artery of the penile bulb and 
the dorsal penile artery. The deep artery of the pe- 

nis, a. profunda penis, supplies the crura (corpus 
cavernosum) of the penis. The artery of the penile 
bulb, a. bulbi penis, supplies the penile bulb and 

corpus spongiosum of the penis. The dorsal artery 
of the penis, a. penis dorsalis, passes along the dorsal 

aspect of the penis to supply the tissues surround- 
ing the penis. The equivelant vessels in the female 
are the artery of the clitoris, a. clitoridis, giving off 
the artery of the vestibular bulb, a. bulbi vestibuli, 

the deep clitoridal artery, a. profunda clitoridis and 

the dorsal clitoridal artery, a. dorsalis clitoridis. 

Arteries of the Pelvic Limb. The external 
iliac artery and its branches supply the pelvic limb. 

The external iliac artery, a. iliaca externa passes 

distally along the cranial border of the body of the 
ilium. The external iliac vein and the femoral nerve 
accompany the artery. It gives off the medial cir- 

cumflex femoral artery and the pudendoepigastric 
trunk and then continuous as the femoral artery. 

The medial circumflex femoral artery, a. circum- 

flexa femoris medialis, is the first branch of the ex- 

ternal iliac artery. It passes caudally, crossing the 
medial surface of the iliopsoas and vastus medialis 

muscles. It supplies the medial thigh muscles. 
The pudendoepigastric trunk, truncus pudendoe- 

pigastricus, is the second branch of the external iliac 
artery that comes off opposite the medial circum- 
flex femoral artery and is accompanied by the fe- 

moro-inguinal nerve. The vessel passes laterally and 

divides into the caudal epigastric and external pu- 
dendal arteries. 

The caudal epigastric artery, a. epigastrica cau- 

dalis, passes cranially along the deep face of the 
rectus abdominis muscle. It supplies the latter mus- 

cle and the surrounding peritoneum. 

The external pudendal artery, a. pudenda externa, 
passes through the inguinal canal to supply the skin 

of the external genitalia. For the detail of its distri- 
bution, see the arteries of the trunk. 

The continuation of the external iliac artery in 
the pelvic limb is the femoral artery. The latter 
passes through the vascular lacuna to reach the me- 
dial aspect of the thigh. Initially it lies superficially, 
but passes progressively deeper between the femur 
and adductor muscles. It reaches the caudal aspect 
of the femur just proximal to the knee. 

Along its course the femoral artery, a. femoralis, 
gives rise to the lateral circumflex femoral, saphe- 
nous, descending genicular, and caudal femoral ar- 
teries. 

The lateral circumflex femoral artery, a. circum- 
flexa femoris lateralis, leaves the femoral artery just 

distal to the vascular lacuna. It enters the quadri- 
ceps muscle proximally between the rectus femoris 
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and vastus medialis muscles. The vessel is accom- 
panied by the femoral nerve and supplies the quad- 

riceps muscle. Its terminal branches anastomose 

with branches from the medial circumflex femoral 
artery. 

The saphenous artery, a. saphena, leaves the me- 

dial surface of the femoral artery at the middle of 

the thigh. It is accompanied by the saphenous nerve 

and vein and forms the blood supply to the pes and 

toes. The sartorius muscle initially covers the vessels 

and nerve. They appear superficially along the cau- 

dal border of the muscle in the distal third of the 
thigh. In this position the nerve lies cranial to the 

artery and the vein. As the artery passes distally 

along the medial aspect of the crus, it gives off small 

vessels to the surrounding tissues. In the middle of 
the crus it divides into cranial and caudal branches. 

The cranial branch divides into a larger lateral 

branch and a smaller medial branch. The medial 
branch remains with the saphenous vein and nerve, 

and anastomoses with the dorsal pedal arch. The 

lateral branch passes distolaterally between the tibia 

and the tendon of the long digital flexor muscle. It 

forms a sigmoid curve just above the ankle. At the 
sigmoid curve it anatomoses with the cranial tibial 
artery and a branch from the caudal femoral artery. 
The vessel continues over the flexor surface of the 
ankle, lateral to the tendon of the cranial tibial 

muscle and deep to the tendon of the long digital 

extensor muscle, as the dorsal pedal artery, a. pedis 

dorsalis. The dorsal pedal artery gives off small ves- 

sels to the ankle and a small dorsal pedal arch from 

which the dorsal digital arteries to the pes arise. The 

main vessel continues distally, between the second 

and third metacarpal bones and deep to the exten- 

sor tendons. At the middle of the pes it passes from 

the dorsal to the plantar surface between the second 

and third metacarpal bones to anastomose with the 

superficial plantar arch (see below). 

The caudal branch of the saphenous artery passes 

over the plantar surface of the ankle, medial to the 

calcaneus and superficial to the deep flexor tendon. 

It continues distally in the pes, deep to the super- 

ficial flexor tendons, where it forms the superficial 

plantar arch. The dorsal pedal artery reinforces the 

plantar system by anastomosing with the superficial 

plantar arch. The plantar arteries to the pes arise 

from the superficial plantar arch. 
At the metatarsophalangeal joints the dorsal dig- 

ital arteries anastomose with their equivalent plan- 

tar digital arteries before they divide to form the 

proper digital arteries. 

The descending genicular artery, a. genus descen- 
dens, of the knee leaves the cranial aspect of the 
femoral artery distal to the origin of the saphenous 
artery. It passes distally in the groove between the 
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vastus medialis and adductor muscles and supplies 
the craniomedial aspect of the thigh and knee. 

There are four or five caudal femoral arteries, aa. 

caudales femores. They arise from the femoral artery 
at the level of the knee joint to supply the caudal 
thigh and gastrocnemius muscles. One branch sup- 

plies the popliteal lymph node and accompanies the 
caudal sural nerve in the crus. It anastomoses with 
the sigmoid flexure of the saphenous artery above 
the ankle. The continuation of the femoral artery 
beyond the origin of the most distal caudal femoral 
artery is the popliteal artery. 

The popliteal artery, a. poplitea, passes between 
the two condyles of the femur and over the flexor 
surface of knee joint. It supplies branches to the 
knee and divides into the cranial and caudal tibial 

arteries. 
The caudal tibial artery, a. tibialis caudalis, is the 

larger of the two vessels. It passes distally in the 
crus on the caudal surface of the popliteal and deep 
digital flexor muscles. The vessel accompanies the 
tibial nerve and supplies the surrounding muscles. 

The cranial tibial artery, a. tibialis cranialis, pass- 
es deep to the popliteus muscle, then between the 
tibia and fibula to reach the cranial aspect of the 

tibia. It continues distally in the crus along the cra- 
nial border of the tibia, deep to the peroneus brevis 
muscle. The deep peroneal nerve accompanies the 

artery. The vessel emerges distally from under the 

muscles and joins the sigmoid flexure of the sa- 
phenous artery above the ankle. 

Arteries of the Pes. The cranial and caudal 
branches of the saphenous artery supply the foot 
(see above). They form dorsal and plantar pedal 
arches from which the vessels to the digits arise. 

The dorsal pedal arch gives rise to the dorsal digital 

arteries and the plantar pedal arch gives rise to the 
plantar digital arteries. The latter are large and form 

the main arterial supply to the digits. In addition 
to the plantar digital arteries, the plantar pedal arch 

also gives rise to deep digital vessels that supply the 
short flexor muscles of the pes. 

VENOUS SYSTEM 

The venous drainage of the body generally fol- 
lows the pattern of arterial supply (the veins are 

satellites of the arteries). In addition to these ves- 

sels, a superficial venous system is often present. 
Two cranial caval veins and one caudal caval vein 

return venous blood from the body to the right 

atrium of the heart. In addition to the caval veins, 
pulmonary veins drain the lungs and cardiac veins 
drain the heart. 

Pulmonary Veins. Four or five pulmonary 
veins, vv. pulmonales (Figs. 9-3 and 9-4), drain the 
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lungs. They leave the lungs at the hilus and open 
directly into the dorsal aspect of the left atrium. 

Cardiac Veins. Cardiac veins drain the heart. 

See “Blood vessels of the heart” for the detail of 

the vessels. 

Cranial Vena Cava. Two cranial caval veins 

are present in the woodchuck. They drain the head, 

neck, thoracic limbs and thoracic wall. 

The left cranial vena cava, v. cava cranialis sinistra 

(Fig. 9-1), is the continuation of the left brachioce- 

phalic vein towards the heart after receiving the left 

costocervical vein. The left cranial vena cava crosses 

the lateral surface of the aortic arch and passes be- 
tween the hilus of the lung and the left auricle. The | 
vein enters the coronary groove caudal to the left 

auricle and opens into the coronary sinus of the 
right atrium. 

The right cranial vena cava, v. cava crantalis dex- 
tra (Fig. 9-2), is the continuation of the right bra- 
chiocephalic vein towards the heart after receiving 
the azygos vein. The cranial vena cava passes dorsal 
and lateral to the ascending aorta and drains into 
the cranial part of the right atrium. 

Veins of the Head and Neck. The linguofa- 
cial and maxillary veins drain the head. The lin- 
guofacial vein drains the rostral part of the head 
and the maxillary vein the caudal part of the head. 
Many of the veins of the head drain into or origi- 
nate from the ophthalmic and pterygoid plexuses. 

An ophthalmic plexus, plexus ophthalmicus, lies 

caudal to the eyeball in the bony orbit. It drains 
the structures of the orbit and anastomoses with 
the supraorbital and superficial temporal veins. It 
also receives a small vein from the temporal muscle. 

The ophthalmic plexus drains into the cavernous 

sinus (see venous drainage of the central nervous 
system) through the orbital fissure and gives rise to 

the external ophthalmic vein. The ophthalmic vein 
is not a satellite vein of the external ophthalmic 

artery. It drains directly into the maxillary vein. 

The pterygoid plexus, plexus pterygoideus, is a 

large venous plexus between the mandible and the 
medial pterygoid muscle. Many of the veins of the 

head drain into the plexus or anastomose with it. 

The plexus is connected with the cavernous sinus 

and also drains into the maxillary vein. 

The linguofacial vein, v. linguofacialis (Figs. 9-5 

and 9-8), is formed by the confluence of the lingual 

and facial veins. They are satellites of the linguofa- 

cial artery and its branches, and drain the areas 

supplied by the homologous arteries. 
The facial vein, v. facialis, drains the face and is 

formed by the supraorbital, dorsal nasal, buccal, in- 

— 
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Fig. 9-5. 
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Blood vessels of the ventral neck region. 1 monostomatic sublingual salivary gland, 2 mandibular salilvary 
gland, 3 mandibular In., 4 parotid salivary gland, 5 anastomosis between linguofacial and maxillary veins, 6 thyroid gland, 

7 common carotid a., 8 maxillary v., 9 linguofacial v., 10 lingual v., 11 facial v. 

ferior and superior labial veins, as well as the veins 
of the lower eyelid and angle of the eye. 

The supraorbital vein, v. supraorbitalis, drains the 

area medial to the medial canthus of the eye. It is 
connected rostrally to the dorsal nasal vein, cau- 

dally it passes through the supraorbital incisure to 
anastomose with the ophthalmic plexus. 

The dorsal nasal vein, v. dorsalis nasi, drains the 

apex and dorsum of the nose. It anastomoses ros- 
trally with the veins of the nasal cavity (see the ““Ve- 

nous drainage of the central nervous system, dorsal 
sagittal sinus”), caudally it is connected to the su- 
praorbital vein. 

The vein of the angle of the eye, v. angularis oculi, 
drains the medial canthus and the lower lid of the 

eye. 
The buccal vein, v. buccalis, drains the buccal re- 

gion. It lies lateral to the mandible and medial to 
the buccal and masseter muscles. It is also con- 
nected to the pterygoid plexus caudally. 
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Fig. 9-6. Arteries of the brain, ventral view. 1 olfactory bulb, 2 olfactory peduncle, 3 lateral olfactory tract, 4 optic nerve, 

5 optic chiasma, 6 optic tract, 7 hypophysis, 8 olfactory peduncle, 9 caudal cerebral a., 10 rostral cerebellar a., 11 basilar 

a., 12 caudal cerebellar a., 12a vertebral a., 12b ventral spinal a., 13 paraflocculus, 14 caudal communicating a., 15 

cerebral arterial circle, 16 middle cerebral a., 17 and 18 rostral cerebral a. 

The vein of the upper lip, v. labialis superior, 
drains the ventral aspect of the upper lip and the 
angle of the mouth. 

The vein of the lower lip, v. labialis inferior, 
drains the angle of the mouth and the lower lip. 

Note: The infraorbital vein drains the greater 
part of the upper lip. 

The facial vein passes caudally over the ventro- 

lateral surface of the masseter muscle and joins the 
lingual vein caudoventral to the angle of the man- 
dible. 

The lingual vein, v. lingualis (Figs. 9-5 and 9-8), 
drains the tongue and the floor of the mouth by 
means of the deep lingual and sublingual alveolar 
veins. It passes between the parotid and mandibular 
salivary glands and is closely associated with the 
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Fig. 9-7. Schematic dorsal view of the hepatic portal vein. 1 cecal v., 2 cecum, 3 ileum, 4 jejunum, 5 first loop of 

ascending colon, 6 right colic v., 7 cranial pancreaticoduodenal v., 8 second loop of ascending colon, 9 portal v., 10 right 

gastroepiploic v., 11 stomach, 12 left gastric v., 13 spleen, 14 splenic branches, 15 left gastroepiploic v., 16 splenic v., 
17 transverse colon, 18 caudal mesenteric v., 19 middle colic v., 20 left colic v., 21 caudal pancreaticoduodenal v., 22 

cranial mesenteric v., 23 rectum, 24 jejunal vv., 25 cranial rectal v., 26 hepatic portal v., 27 right branch of hepatic portal 

v., 28 cystic v., 29 left branch of hepatic portal v. 
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Fig. 9-8. Veins and lymph nodes of the head, lateral view. 1 maxillary v., 2 anastomoses between maxillary and facial 

veins, 3 brachiocephalic trunk, 4 axillary v., 5 linguofacial v., 6 superficial cervical In., 7 lingual v., 8 mandibular In., 9 

facial v. 

mandibular lymph nodes. At the angle of the jaw 
the lingual vein has a large anastomoses with the 
pterygoid plexus. 

The deep lingual veins, vv. profundae linguae, 
drain the tongue. They arise from a dorsal lingual 

plexus. The vessels pass ventrally and unite along 

the ventral border of the tongue to form the lingual 
vein. 

The sublingual vein, v. sublingualis, drains the 
floor of the mouth and the intermandibular area. 
It passes caudally and drains into the lingual vein. 

The left and right sublingual veins anastomose with 
each other across the intermandibular space by 
means of a small hyoid arch, arcus hyoideus. 

The linguofacial vein passes caudally along the 

ventral border of the sternocephalic muscle, deep 

to the ventral cutaneous muscle of the neck. In the 
mid-cervical region it anastomoses with the max- 
illary vein (Figs. 9-5 and 9-8). The linguofacial vein 
Passes ventral (external) to the clavicle and enters 

the thorax medial to the first rib. It joins the max- 
illary and axillary veins to form the brachiocephalic 
vein. The latter continues as the cranial caval vein. 

Note: Hill (1937) considered the anastomoses 

between the maxillary and linguofacial veins to be 
the continuation of the maxillary vein. He de- 
scribed a venous loop off the external jugular vein 
around the clavicle that is considered here to be the 
continuation of the maxillary vein. 

The maxillary vein, v. maxillaris, drains the cau- 
dal and deep parts of the head, including the brain. 
Blood flows by means of the transverse facial, su- 

perficial temporal, infraorbital, inferior alveolar, 

palatine, deep temporal, masseteric, caudal auricu- 

lar, vertebral, internal jugular and retroarticular 

emissary veins. The maxillary vein originates from 
the pterygoid plexus caudal to the temporomandib- 
ular joint and passes caudoventrally under cover of 
the parotid salivary gland. 

The transverse facial vein, v. transversa faciet, lies 

ventral to the zygomatic arch. It drains the lateral 
canthus of the eye, the lateral part of the lower lid 
of the eye and the area immediately ventral to the 
zygomatic arch. The vein drains into the superficial 
temporal vein caudal to the temporomandibular 
joint. 

The superficial temporal vein, v. temporalis su- 
perficialis, drains the upper lid of the eye and the 
superficial temporal region. It anastomoses rostrally 
with the ophthalmic plexus and caudally it drains 
into the maxillary vein. 

The infraorbital vein, v. infraorbitalis, drains the 

upper lip, lateral nasal region and the rostral part 
of the hard palate. It anastomoses with the facial 
vein, passes through the infraorbital canal and 
drains into the pterygoid plexus. 

The inferior alveolar vein, v. alveolaris inferior, 
drains the lower jaw and teeth. The vessel leaves 
the inferior alveolar canal and drains into the pter- 

ygoid plexus. 
The palatine veins, vv. palatinae, drain the soft 

palate and the caudal part of the hard palate. They 
open into the pterygoid plexus. 

The deep temporal vein, v. temporalis profunda, 
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drains the temporal muscle and opens into the 

pterygoid plexus. 

The masseteric vein, v. masseterica, drains the 
caudal part of the masseter muscle. It passes cau- 

dally and drains into the maxillary vein. 
The caudal auricular vein, v. auricularis caudalis, 

drains the pinna and caudal muscles of the ear. It 

is formed by the confluence of the lateral, inter- 

mediate and medial veins of the ear. The vein pass- 
es along the caudolateral border of the ear and 
drains into the maxillary vein. 

The retroarticular emissary vein, v. emissaria for- 

aminis retroarticularis, connects the transverse sinus 
of the brain with the maxillary vein. It leaves the 
retro-articular foramen and passes ventrally to the 

external acoustic meatus where it drains into the 

maxillary vein (see the venous drainage of the 

brain). 

The caudal continuation of the maxillary vein in 

the neck passes along the dorsomedial border of the 
sternocephalic muscle. It receives the anastomosing 

branch from the linguofacial vein and enters the 

thorax dorsal to the clavicle and medial to the first 
rib. It joins the axillary and linguofacial veins to 

form the brachiocephalic vein. 

The internal jugular vein, v. jugularis interna, has 

a course independent of the linguofacial or maxil- 

lary veins. It is formed by the confluence of the 

sigmoid and ventral petrosal sinuses of the cranial 

cavity. It leaves the petro-occipital fissure and re- 
ceives veins from the pharynx, larynx, esophageal 

plexus, thyroid gland and veins from the occipital 

region. The vein accompanies the common carotid 

artery in the neck and enters the thorax where it 
-drains into the brachiocephalic vein. 

Venous Drainage of the Central Nervous 
System. Dorsal and ventral cerebral and cerebel- 
lar veins drain the brain. The veins open into si- 

nuses that lie between the dura mater and perios- 

teum of the cranial cavity. The sinuses of the cranial 

cavity drain by means of emissary veins, vv. emis- 

sariae, into the veins of the head and are connected 
to the ventral venous sinuses of the vertebral canal. 

The sinuses of the dura mater are grouped into 

dorsal and ventral systems. The dorsal system con- 

sists of the dorsal sagittal, straight, transverse, tem- 

poral and dorsal petrosal sinuses. The ventral sys- 

tem consists of the cavernous, ventral petrosal and 
basilar sinuses. The sigmoid sinus connects the two 
systems to each other. 

The veins of the spinal cord drain into the in- 

ternal vertebral venous plexus. The latter lies in the 

periosteum along the floor of the vertebral canal. It 
anastomoses with systemic veins by means of in- 
tervertebral, intercostal and lumbar veins. 
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Dorsal System of Sinuses. The dorsal sag- 
ittal sinus, sinus sagittalis dorsalis, lies in the falx 
cerebri. It begins by the confluence of the veins 
from the nasal cavity and the olfactory bulbs. The 
sinus receives the dorsal cerebral veins and the 
straight sinus. It divides caudally to form the two 
transverse sinuses. 

The straight sinus, sinus rectus, drains the corpus 
callosum and the medial aspect of the cerebral 
hemispheres. It opens into the dorsal sagittal sinus 
at the point where the falx cerebri joins the tento- 
rium cerebelli membranaceum. 

The transverse sinus, sinus transversus, passes lat- 
erally in the tentorium cerebelli membranaceum. It 
receives the middle meningeal vein and the dorsal 
petrosal sinus. The transverse sinus connects with 

the sigmoid sinus before it enters the temporal me- 

atus to form the temporal sinus, sinus temporalis. 

The latter continues through the temporal canal 

and emerges at the retroarticular foramen as the 
retroarticular emissary vein, v. emissaria foraminis 

retroarticularis. The vein finally drains into the 

maxillary vein. 

The dorsal petrosal sinus, sinus petrosus dorsalis, 

lies in the tentorium cerebelli membranaceum. It 

receives cerebral and trigeminal veins and drains 
into the transverse sinus. 

The sigmoid sinus, sinus sigmoideus, connects the 

transverse sinus with the ventral petrosal sinus. It 

passes dorsally and caudally to the cerebellar fossa 

of the petrous temporal bone, receives the ventral 

petrosal sinus and leaves the cranial cavity through 

the jugular foramen. The sinus is also connected to 

the condylar vein. The latter passes through the 

condyloid canal and continues along the ventrolat- 
eral floor of the caudal cranial cavity as the basilar 

sinus. The emissary vein of the jugular foramen, v. 
emissaria foraminis jugularis, continues as the inter- 

nal jugular vein (see above). 

Ventral System of Sinuses. The paired cav- 
ernous sinus, sinus cavernosus, lies on the floor of 

the cranial cavity. They extend from the orbital fis- 

sures to the petrobasilar canal and are connected to 

each other. They communicate rostrally through 

the orbital fissures with the ophthalmic and ptery- 

goid plexuses. Laterally they give off emissary veins 

through the round, oval and external carotid fo- 

ramina and continue caudally as the ventral petro- 

sal sinuses. 
The ventral petrosal sinus, sinus petrosus ventral- 

is, lies in the petrobasilar canal. It extends between 

the cavernous sinus rostrally and the ventral end of 
the sigmoid sinus caudally. 

The basilar sinus, sinus basilaris, is the connec- 

tion between the sigmoid sinus in the condyloid 



138 

canal and the ventral internal vertebral plexus 

through the foramen magnum. 

Veins of the Thoracic Limb. Superficial and 
deep veins drain the thoracic limb. The superficial 
veins accompany the cranial superficial antebrachial 
artery and its branches. The deep veins accompany 
the axillary artery and its branches (excluding the 

superficial antebrachial artery). 

Superficial Veins. The cephalic vein, v. ce- 
phalica, forms the superficial venous drainage of the 
thoracic limb. Veins from the palmar aspect of the 

manus drain into a superficial palmar venous arch, 

arcus palmaris superficialis. The cephalic vein orig- 

inates from the medial part of arch. It passes prox- 
imally along the medial border of the carpus and 

turns cranially around the medial border of the an- 

tebrachium. 
Above the carpus the accessory cephalic vein 

drains into the cephalic. 

The veins on the dorsal aspect of the digits and 

metacarpus drain into a superficial network of ves- 
sels, rete carpi dorsale. The accessory cephalic vein 
drains or originates from the network. Proximal to 

the carpus it drains into the cephalic vein. 
The cephalic vein passes proximally along the 

craniomedial aspect of the antebrachium. The su- 
perficial antebrachial artery and the cutaneous 
branches of the radial nerve accompany the vein. It 

crosses the flexor surface of the elbow and contin- 
ues proximally in the groove between the lateral 
head of the triceps and the acromial part of the 

deltoid muscles. Just distal to the shoulder the ce- 

phalic vein gives off the axillobrachial vein, passes 

deep to the cleidobrachial and acromiomandibular 

muscles and finally drains into linguofacial vein at 
the base of the neck. 

The axillobrachial vein, v. axillobrachialis passes 

dorsocaudally in the groove between the lateral 
head of the triceps and deltoid muscles. It turns 
medially to pass between the teres major and sub- 

scapular muscles and drains directly into the axil- 
lary vein. In some specimens it also anastomoses 
with the collateral radial vein. 

Deep Veins. The deep veins of the thoracic 
limb accompany the arteries. They drain the areas 
supplied by their homologous arteries. For the de- 

tail of the branching pattern of the veins, see the 
arterial supply to the thoracic limb. The main ve- 
nous channels are the median vein in the forearm, 
the brachial vein in the upper-arm and the axillary 
vein in the shoulder region. 

At the antebrachium the median, radial, deep an- 

tebrachial and ulnar veins represent the deep ve- 
nous system. 
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The radial vein, v. radialis, receives small vessels 

from the dorsal and palmar aspects of the carpus 
as well as the deep palmar digital veins. It joins the 
median vein in the middle of the antebrachium. 

The ulnar vein, v. ulnaris, drains some of the 
antebrachial muscles and is joined by the deep an- 
tebrachial vein before it opens into the median 
vein. 

A large anastomosing branch connects the ulnar 
and the collateral ulnar veins. 

The deep antebrachial vein, v. profunda antebra- 
chi, drains the muscles of the forearm and joins 

the ulnar vein before the latter opens into the me- 
dian vein. 

The median vein, v. mediana, receives the radial 

vein in the middle of the forearm, and distal to the 
elbow it receives the ulnar vein. It passes over the 

medial surface of the elbow joint and continues in 
the brachial region as the brachial vein. 

The brachial vein, v. brachialis, is the main vein 

of the upper arm. It receives the transverse cubital, 
collateral ulnar, bicipital and deep brachial veins, 

and drains into the axillary vein. 

The transverse cubital vein, v. transversa cubiti, 

anastomoses with the cephalic and collateral radial 

veins and drains into the distal part of the brachial 
vein. 

The collateral ulnar vein, v. collateralis ulnaris, 

anastomoses with the ulnar vein and drains into the 
distal part of the brachial vein. 

The bicipital vein, v. bicipitalis, drains the biceps 
brachii muscle and opens into the distal part of the 
brachial vein. 

The deep brachial vein, v. profunda brachii, 

drains the triceps muscle. It is the largest of the 
veins draining the brachium and joins the brachial 
vein in the middle of the arm. 

The brachial vein continues as the axillary vein 

beyond the deep brachial vein. 
The axillary vein, v. axillaris, accompanies the ax- 

illary artery along the medial aspect of the shoulder. 
It receives all the veins that drain the shoulder re- 

gion, as well as the large axillobrachial vein. 

The collateral radial vein, v. collateralis radialis, 
receives anastomosing branches from the transverse 

cubital and axillobrachial veins and anastomoses 

with the deep brachial vein. It drains into the ax- 
illary vein at the level of the shoulder joint. 

The subscapular vein, v. subscapularis, drains into 
the linguofacial vein at the base of the neck. 

The thoracodorsal vein, v. thoracodorsalis, re- 
ceives veins from the area caudal to the shoulder 

and drains into the axillary vein. 
The lateral thoracic vein, v. thoracica lateralis, 

drains the deep pectoral muscles and opens into the 

axillary vein. 
The external thoracic vein, v. thoracica externa, 



Chapter 9—Cardiovascular System 

drains the superficial pectoral muscle and opens 
into the axillary vein. 

The suprascapular vein, v. suprascapularis, drains 

the supra- and infraspinatus muscles. It is closely 
associated with the suprascapular artery and opens 
into the axillary vein. 

The dorsoscapular vein, v. scapularis dorsalis, ac- 

companies the dorsoscapular artery and drains the 

area supplied by the satelite artery. It drains into 
the axillary vein. 

The superficial cervical vein, v. cervicalis superfi- 
cialis, drains the structures at the base of the neck, 

as well as the serratus ventralis muscles and the 
tissues of the axilla. It opens into the proximal end 

of the axillary vein. 
The axillary vein passes around the cranial bor- 

der of the first rib, ventral to the axillary artery. 
The internal jugular, linguofacial and maxillary 
veins from the head join the axillary vein at this 
point to form the brachiocephalic vein. A true sub- 
clavian vein is therefore not present in the wood- 

chuck. 

The brachiocephalic vein, v. brachiocephalica 
(Fig. 9-8), is formed by the confluence of the in- 

ternal jugular, axillary, linguofacial and maxillary 

veins. It receives the internal thoracic, vertebral and 

costocervical veins and continues as the cranial ca- 
val vein. 

The internal thoracic vein, v. thoracica interna, is 

a satellite of the internal thoracic artery. It drains 
the ventral abdominal wall, thoracic mammae, the 

diaphragm, ventral intercostal area and the cranial 
mediastinum. It receives the thymic veins before it 
drains into the brachiocephalic vein. 

The vertebral vein, v. vertebralis, originates from 

the same area as the internal jugular vein. It accom- 

panies the vertebral artery in the neck and has nu- 

merous connections with the ventral internal ver- 
tebral plexus. 

The costocervical vein, v. costocervicalis, drains 

the area supplied by the costocervical artery, in- 
cluding the first two intercostal spaces. The vein 

passes medial to the proximal end of the first rib 

and enters the thorax. In some specimens the right 
costocervical vein drains into the right azygos vein 
instead of the right brachiocephalic vein. 

The right azygos vein, v. azygos dextra (Figs. 9-2 
and 9-4), drains the cranial abdominal and thoracic 

walls. It begins ventral to the second lumbar ver- 

tebra, between the psoas minor muscles, as a single 

trunk formed by the confluence of the second lum- 
bar veins. The vein passes cranially, accompanied 
by the thoracic duct and flanked by the crura of 
the diaphragm and the psoas minor muscles. In the 

thorax it appears at the cranial border of the psoas 
muscles and inclines to the right where it lies be- 
tween the vertebral bodies and the aorta. At the 
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level of the sixth thoracic vertebra it turns ventrally 

to pass around the hilus of the right lung. The vein 
drains into the terminal part of the right cranial 
vena cava. The right azygos vein receives all dorsal 
intercostal veins, except the first two or three in- 

tercostal veins on the left. In some specimens it also 

receives the right costocervical vein. 

The dorsal intercostal veins, vv. intercostales dor- 

sales (Fig. 9-2), drain the area supplied by dorsal 
intercostal arteries, including the internal vertebral 

plexus of the vertebral canal. The open into the 
azygos vein or the costocervical vein. 

The caudal vena cava, v. cava caudalis (Figs. 9-1 

to 9-4), drains the pelvis and tail, pelvic limbs and 
abdominal wall and some of the abdominal viscera. 
It begins ventral to the seventh lumbar vertebra by 
the confluence of the two common iliac veins and 
the middle sacral vein. The common iliac veins are 
formed by the confluence of the internal and ex- 
ternal iliac veins. 

The internal iliac vein, v. iliaca interna, drains the 

pelvic viscera by means of the internal pudendal 
and prostatic/vaginal veins, and part of the pelvic 

wall by means of the caudal gluteal vein. 
The internal pudendal vein, v. pudenda interna, 

drains the anus and penis/clitoris by means of the 
caudal rectal vein and the vein of the penis/clitoris 

respectively. 
The vein of the penis/clitoris, v. penis/clitoridis, 

in the drains the penis/clitoris and its adnexa. 

The caudal rectal vein, v. rectalis caudalis, drains 

the anus and caudal part of the rectum. 
The prostatic/vaginal vein, v. prostatica/vaginalls, 

drains the viscera of the pelvis. The vein and its 
tributaries accompany the artery. In the female it 
drains the genital tract, (excluding the ovaries), 

middle part of the rectum, ureters, urinary bladder 
and pelvic urethra. In the male it drains the ductus 
deferens, middle part of the rectum, ureters, uri- 

nary bladder and pelvic urethra. The internal iliac 

vein is formed by the confluence of the prostatic/ 
vaginal and internal pudendal veins. 

The caudal gluteal vein, v. glutea caudalis, accom- 
panies the homologous artery through the lesser is- 
chiatic foramen. It drains the proximal parts of the 
caudal thigh muscles, the superficial gluteal muscles 
and the sacral region. It receives the obturator and 

lateral tail veins. 
The lateral vein of the tail, v. caudalis lateralis, 

accompanies the homologous artery in the tail. At 
the base of the tail it passes laterally to drain into 

the caudal gluteal vein. 
The obturator vein, v. obturatoria, accompanies 

the obturator artery along the lateral wall of the 
pelvic cavity. It passes through the obturator fora- 

men and drains the medial thigh (adductor) and 

intra pelvic muscles. 
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Veins of the Pelvic Limb. Superficial and 
deep veins drain the pelvic limb. Both the deep and 
superficial veins follow the arteries. 

The medial saphenous vein, v. saphena medialis, 
forms the superficial venous system of the pelvic 
limb and almost exclusively drains the pes. It ac- 

companies the saphenous artery and its branches 
and has cranial and caudal branches. The veins of 
the toes and pes drain into a superficial dorsal arch 
that lies transversely across the dorsum of the pes, 
distal to the tarsus. The dorsal branch of the medial 
saphenous vein arises from the medial part of the 

arch. It passes proximally along the craniomedial 
border of the tarsus where it is joined by the small 
caudal. The vessel continues proximally along the 

medial aspect of crus and thigh. It passes deep to 
the sartorius muscle and joins the femoral vein in 

the proximal femoral region. 
The cranial tibial vein, v. tibialis cranialis, origi- 

nates proximal to the ankle. It accompanies the cra- 
nial tibial artery and drains into the popliteal vein. 

The caudal tibial vein, v. tibialis caudalis, accom- 
panies the caudal tibial artery and the tibial nerve. 

At the knee it gives off an anastomosing branch to 
the cranial tibial vein and receives the descending 
vein of the knee. It continues proximally to drain 
into the femoral vein, opposite the junction of the 
latter and the saphenous vein. The descending vein 
of the knee v. genus descendens, accompanies the 
descending artery of the knee on the medial aspect 
of the knee. 

The popliteal vein, v. poplitea, is formed by the 

confluence of the cranial tibial vein and the anas- 

tomosing branch from the caudal tibial vein. It is 

a short vessel that accompanies the popliteal artery 

on the caudal surface of the knee. It receives the 
caudal femoral vein and continues proximally as 
the femoral vein. 

The femoral vein, v. femoris, accompanies the 
femoral artery along the medial surface of the thigh. 
It receives the caudal femoral, saphenous and lat- 

eral circumflex femoral veins. 

The caudal femoral vein, v. caudalis femoris, ac- 

companies the caudal femoral artery. It drains the 
popliteal lymph node and the muscles caudal to the 

knee. 

The lateral circumflex femoral vein, v. circum- 
flexa femoris lateralis, is a large vessel that drains 
the quadriceps femoris muscle. It accompanies the 

circumflex femoral artery and femoral nerve and 
drains into the proximal part of the femoral vein. 

The femoral vein passes through the vascular la- 
cuna and continues in the caudal abdomen as the 
external iliac vein. The external iliac vein accom- 

panies the external iliac artery and receives the pud- 

endoepigastric and medial circumflex femoral 
veins. 
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The pudendoepigastric vein, v. pudendoepigastri- 

ca, drains the caudal abdominal region, in the male 
the preputium and scrotum, in the female the labia 
and inguinal mammary gland. It accompanies the 
pudendoepigastric artery though the inguinal canal. 

The medial circumflex femoral vein, v. circum- 

flexa femoris medialis, drains the medial thigh mus- 
cles. It accompanies the medial circumflex femoral 
artery. 

The common iliac vein, v. iliaca communis, re- 
ceives the cranial gluteal, iliacofemoral and umbil- 
ical veins. 

The cranial gluteal vein, v. glutea cranialis, drains 

the middle and deep gluteal muscles and accom- 
panies the cranial gluteal artery through the greater 
ischiatic foramen. 

The iliacofemoral vein, v. iliacofemoralis, accom- 
panies the iliacofemoral artery. It drains the ilio- 
psoas and tensor fascia lata muscles. The vein 
drains into the common iliac vein at the confluence 
of the external and internal iliac veins. 

The umbilical vein, v. umbilicalis, drains the cra- 

nial part of the urinary bladder, the ureter and part 
of the ductus deferens. It accompanies the umbili- 
cal artery. 

The median sacral vein, v. sacralis mediana, is the 
cranial continuation of the median vein of the tail, 

v. caudalis mediana. The latter accompanies the me- 

dian artery of the tail along the ventral midline of 
the tail and has many anastomoses with the lateral 

veins of the tail. The median sacral artery passes 

cranially along the ventral surface of the sacrum. It 
accompanies the median artery of the sacrum. 

The abdominal portion of the caudal vena cava 

lies in the groove between the left and psoas mus- 
cles, ventral to the lumbar vertebral bodies and to 
the right of the abdominal aorta. As it passes cra- 
nially it gradually inclines ventrally and to the right 

until it reaches the medial border of the caudate 

lobe of the liver. It deeply grooves or tunnels the 
caudate lobe before it reaches the diaphragm. The 
vein passes through the foramen vena cava of the 

diaphragm. The thoracic portion of the vein lies in 

the plica vena cava and is asociated with the right 
phrenic nerve. It passes between the acessory and 
caudal lobes of the right lung and opens into the 

caudal part of the right atrium. Along its course it 
receives the lumbar, the deep circumflex iliac, renal 

and right testicular/ovarian, cranial abdominal and 

hepatic veins. 
The last five pairs of lumbar veins, vv. lumbales, 

drain into the caudal vena cava. They accompany 
the lumbar arteries and are connected to the ventral 
internal vertebral plexus. 

The deep circumflex iliac vein, v. circumflexa il- 
ium profunda, drains the abdominal wall and sur- 
rounding tissue ventral to the tuber coxa. It accom- 
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panies the artery and the lateral cutaneous femoral 
nerve. 

The renal veins, vv. renales (Figs. 7-1 to 7-3), 

drain the kidney and adrenal gland. In most cases 
the left renal vein also receives the left testicular/ 
ovarian vein. 

The testicular/ovarian veins, v.testicularis/ovarica, 

drain the testicle/ovary, The right vein drains di- 

rectly into the caudal vena cava, the left vein gen- 
erally drains into the left renal vein. 

Hepatic veins, vv. hepaticae. As the caudal vena 
cava passes through the caudate lobe of the liver 
and receives four veins. The hepatic veins from the 
caudate process and right lateral lobes open inde- 
pendently into the caudal vena cava, the right he- 
patic vein drains the right medial lobe and the left 
hepatic vein drains the quadrate lobe, papillary pro- 

cess and the left lobes of the liver. 
The portal vein, v. portae (Fig. 9-7), and its trib- 

utaries from the digestive tract forms the hepatic 
portal system. The vein arises from a capillary bed 
in the gall bladder, spleen, pancreas and all of the 

gastrointestinal tract, except the anal canal. Varia- 
tions exist in the pattern of formation and division 
of the portal vein. The cranial mesenteric and 
splenic veins are the two main tributaries of the 
hepatic portal vein. 

The gastroduodenal vein, v. gastroduodenalis, is 
formed by the confluence of the right gastroepi- 
ploic and cranial pancreaticoduodenal veins. In 

some animals the two veins remain separate. 
The right gastroepiploic vein, v. gastroepiploica 

dextra, drains the right part of the greater curvature 
of the stomach. 

The cranial pancreaticoduodenal vein, v. pan- 
creaticoduodenalis cranialis, drains the descending 

duodenum and the right lobe of the pancreas. In 
50% of the animals it drains directly into the portal 
vein. 

The splenic vein, v. lienalis, is formed by the con- 
fluence of the left gastric and left gastroepiploic 
veins. The splenic branches drain the spleen. 

The left gastric vein, v. gastrica sinistra, drains the 
parietal and visceral surfaces of the lesser curvature 

of the stomach, the cardia and the abdomen part 
of the esophagus. In 20% of animals the branch 
from the cardia and esophagus drains directly into 
the left branch of the portal vein. 

The left gastroepiploic vein, v. gastroepiploica sin- 
istra, drains the left part of the greater curvature of 
the stomach, spleen and greater omentum. 

The splenic vein joins the portal vein close to or 
in common with the caudal mesenteric vein. 

The caudal mesenteric vein, v. mesenterica cau- 

dalis, drains part of the large intestine and the cra- 
nial part of the rectum. 

The cranial rectal vein, v. rectalis cranialis, drains 
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most of the rectum and is continuous with the left 
colic vein. 

The left colic vein, v. colica sinistra, drains the 

entire descending colon and is continuous with the 
middle colic vein. 

The middle colic vein, v. colica media, drains the 

left part of the transverse colon. 
The caudal mesenteric vein joins the portal vein 

opposite the right colic vein. 

The right colic vein, v. colica dextra, drains the 
two loops of the ascending colon as well as the right 
part of the transverse colon. The vein is formed by 

the confluence of two veins, one for each loop. The 

vein that drains the second loop also drains the 
right part of the transverse colon. In some animals 
the veins that drain the transverse colon opens in- 

dependently into the right colic vein. In 12% of the 
animals the two branches of the right colic vein 
open separately into the portal vein. 

The cranial mesenteric vein, v. mesenterica cran- 

ialis, is the largest of the tributaries of the portal 
vein. It is formed by the confluence of the ileocolic, 
ileal, jejunal and caudal pancreaticoduodenal veins. 

The ileocolic vein, v. ileocolica, drains the cecum 
and initial part of the ascending colon. 

Ileal veins, vv. ilei, drain the ileum and jejunal 
veins, vv. jejunales, drain the jejunum. 

The caudal pancreaticoduodenal vein, v. pancrea- 

ticoduodenalis caudalis, drains the ascending duo- 

denum and the left lobe of the pancreas. 
The cystic vein, v. cystica, drains the gall bladder 

and opens directly into the right branch of the por- 
tal vein. 

The portal vein enters the porta of the liver. 
Close to the liver it divides into left and right 

branches. 
The right branch is very short and almost im- 

mediately divides into a branch to the right lateral 
lobe and caudate process and a branch to the right 
medial lobe. 

The left branch of the portal vein is longer. It 
passes deep to the right branch of the hepatic artery 
and bile duct and then divides into a branch that 
enters the quadrate and left medial lobes and a 

branch to the left lateral lobe. 
There are small anastomoses between branches 

of the portal vein and branches of the caudal vena 

cava. The cranial rectal vein always anastomoses 
with the middle rectal vein. Anastomoses between 
the branches of the cranial mesenteric and renal 
veins are present in 10% of the animals. The con- 

nections between the portal venous system and the 

systemic veins are generally very small. 

LYMPBIAITG: SY SHE Vi 

The lymphatic system, systema lymphaticum, 

consists of a network of permeable lymphatic cap- 



142 

illaries, collecting vessels, a filtering system in the 
form of lymph nodes and conducting channels 
which return the lymph to the circulatory system 

via the large veins cranial to the heart. The lymph 
nodes are grouped into lymph centra. A lymph cen- 

trum is a lymph node or a group of lymph nodes 
that occur in the same region of the body and re- 
ceives afferent vessels from approximately the same 
region. 

The parotid lymph center, lymphocentrum paro- 

tideum, contains the deep parotid lymph nodes, In. 
parotideum profundi, which lie at the caudal border 
of the mandible, deep to the parotid salivary gland. 
They consist of 3 to 4 small nodes, approximately 
5 mm in diameter. 

The mandibular lymph center, lymphocentrum 
mandibula, contains the mandibular lymph nodes, 
Inn. Mandibulares (Fig. 9-5). They lie rostral to the 
mandibular salivary gland and caudal to the ramus 
of the mandible and are arranged along the lingu- 

ofacial vein. The medial node is the largest and 
measures approximately 15 mm in length and 5 
mm in width. The lateral node is about 5 mm in 
diameter. Both nodes are covered by the ventral 
cutaneous muscle of the neck and are therefore dif- 
ficult to palpate. 

The retropharyngeal lymph center, lymphocen- 

trum retropharyngeum, contains the lateral and me- 

dial retropharyngeal lymph nodes. 
The lateral retropharyngeal lymph node, In. re- 

tropharyngeus lateralis, lies deep to the caudal bor- 
der of the parotid salivary gland, ventral to the wing 
of the atlas and lateral to the sternomastoid muscle. 
It measures about 15 mm in length and 5 mm in 
width. 

The medial retropharyngeal lymph node, /n. re- 
tropharyngeus medialis, lies dorsally on the laryn- 

gopharynx, lateral to the omohyoid muscle and 

caudal to the caudal belly of the digastric muscle. 
The node is covered laterally by the sternomastoid 
muscle. 

The superficial cervical lymph center, lymphocen- 
trum cervicale superficiale, of the neck contains the 

ventral superficial cervical lymph node, In. cervicalis 
superficialis ventralis (Fig. 9-8) at the junction of the 
linguofacial and maxillary veins. It lies caudal to the 
distal border of the parotid salivary gland and is 
covered by the ventral cutaneous muscle of the 

neck. The node measures about 2 mm in diameter 

and is not palpable. 
The axillary lymph center, lymphocentrum axil- 

lare, contains the axillary, accessory axillary and in- 
fraspinous lymph nodes. 

The axillary lymph nodes, Inn. axillares, are six 

to eight in number. They are embedded in the 
brown adipose tissue along the course of the lateral 
thoracic artery, deep to the lateral border of the 
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ascending pectoral muscle. Each node is about 5 
mm in diameter. 

The accessory axillary lymph node, In. axillaris 
accessorius, lies on the lateral surface of the tensor 
fascia antebrachii or cutaneous trunci muscle, in 

the angle between the triceps and thoracic trapezius 
muscles. The node(s) is about 8 mm long and 3 

mm wide. 
The infraspinous lymph node, In. infraspinatus, 

is lateral to the shoulder at the distal end of the 
scapular part of the deltoid muscle. It lies on the 
proximal end of the lateral head of the triceps mus- 
cle and is covered by the platysma. The node is 
about 10 mm long and 3 mm wide. 

The ventral thoracic lymph center, lymphocen- 
trum thoracicum ventrale, consists of the cranial 
sternal lymph node /n. sternalis cranialis. The lymph 
node lies cranial to the heart along the caudal bor- 
der of the internal thoracic artery, ventral to the 
cranial vena cava. The node is very small, measur- 

ing about 2 mm in diameter. 
The mediastinal lymph center, lymphocentrum 

mediastinale, contains the cranial mediastinal 
lymph nodes Inn. mediastinales craniales, which lie 
in the cranial mediastinum, dorsal to the cranial 
caval veins. One to four nodes are present on the 
left and right. They vary from 1 to 10 mm in length 

and are approximately 3 to 5 mm wide. 
The bronchial lymph center, lymphocentrum 

bronchale, is represented by left, right and middle 
tracheobronchial lymph nodes. The right and mid- 
dle nodes are very small and often absent. 

The left tracheobronchial lymph node, In. trach- 

eobronchalis sinsiter, is approximately 1 mm in di- 

ameter. It lies cranial to the left bronchus on the 
caudal surface of the aortic arch. 

The right tracheobronchial lymph node, In. 
tracheobronchalis dexter, lies at the tracheal bifur- 
cation, to the right of the right bronchus. 

The middle tracheobronchial lymph node, In. 

tracheobronchalis medius (Fig. 9-2), lies dorsally on 
the trachea at the bifurcation. 

The lumbar lymph center, lymphocentrum lum- 

bale, contains the aortic and _testicular/ovarian 
lymph nodes. 

The lumbar aortic lymph nodes, Inn. lumbales 

aortici, consist of a series of small nodes arranged 
along the dorsal aspect of the abdominal aorta and 
caudal vena cava. They are closely associated with 
the lumbar lymphatic ducts. The nodes are about 
1 mm in diameter. 

The testicular/ovarian lymph nodes, In. testicu- 
laris/ovaricus, lie along the ventral aspect of the aor- 

ta at the origin of the testicular/ovarian artery. The 
nodes are 3 to 8 mm long and 1 to 3 mm wide. 

The celiac lymph center, lymphocentrum celia- 
cum, consists of a series of nodes arranged along 
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the branches of the celiac artery. They vary greatly 
in size and number. The nodes drain the stomach, 

pancreas, duodenum, spleen and the liver. They are 
named according to the organ that they drain. 

Two or three splenic lymph nodes, Inn. lienales, 

are associated with the spleen. They lie in the gas- 
trosplenic ligament. 

The gastric lymph nodes, Inn. gastrici, are asso- 
ciated with the lesser curvature of the stomach. 
From two to ten nodes are present in the hepato- 

gastric ligament. 
The hepatic lymph nodes, Inn. hepatici, are gen- 

erally present in the connective tissue at the porta 
hepatica. They lie opposite the papillary lobe, be- 
tween the hepatic artery, portal vein and caudal 

vena Cava. 
The cranial mesenteric lymph center, lymphocen- 

trum mesentericum craniale, consists of a series of 
nodes in the root of the mesentery, arranged 
around the branches of the cranial mesenteric ar- 
tery. They are named according to the part of the 
intestine that they drain. It consists of cranial mes- 
enteric, jejunal, cecal and colic lymph nodes. 

The cranial mesenteric lymph nodes, Inn. mes- 

enterici craniales, drain the duodenum and pancre- 

as, jejunal lymph nodes, Inn. jejunales, drain the 
jejunum and part of the ileum and cecal lymph 

nodes, Inn. cecales, drain part of the ileum and the 

cecum. The colic lymph nodes, Inn. colici, drain the 
ascending, transverse and initial part of the de- 

scending colon. 
The caudal mesenteric lymph center, lymphocen- 

trum mesentericum caudale, consists of one or more 
caudal mesenteric lymph nodes, Inn. mesenterici 

caudales, arranged around the origin of the caudal 
mesenteric artery. They drain the terminal part of 

the descending colon and part of the rectum. 

The iliosacral lymph center, lymphocentrum ilios- 
acrale, consists of medial iliac, sacral and hypogas- 
tric lymph nodes. 

The medial iliac lymph nodes, Inn. iliaci mediales, 
lie lateral to the common iliac blood vessels. They 
are large and measure approximately 10 mm in 

length and 5 mm in width. 
The sacral lymph node, In. sacralis, lies between 

the common iliac blood vessels, on the ventral sur- 

face of the middle sacral artery. It measures about 
5 mm in diameter. 

The hypogastric lymph node, In. hypogastricus, 

lies in the angle between the obturator and cranial 
gluteal arteries. It is very small and measures about 
1 mm in diameter. 

The inguinofemoral lymph center, lymphocen- 
trum inguinofemorale, consists of superficial ingui- 
nal and subiliac lymph nodes. 

The superficial inguinal lymph nodes, Inn. in- 
guinales superficiales, are represented by the scrotal 
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lymph nodes, Inn. scrotales, of the male and the 

mammary lymph nodes, Inn. mammarii, of the fe- 
male. They consist of three or four nodes arranged 

along the caudal superficial epigastric artery, just 
cranial to the inguinal canal. In the female they lie 
deep to the inguinal and abdominal mammary 
glands. The nodes are 3 to 8 mm long and | to 3 
mm wide. 

The subiliac lymph nodes, Inn. subiliaci, one or 

two in number, are situated ventral to the tuber 
coxae. They lie superficial to the deep circumflex 
iliac blood vessels and are embedded in the mass 
of adipose tissue found in this region. They are 
about 6 mm in diameter. 

The popliteal lymph center, lymphocentrum po- 

pliteum, contains the popliteal lymph nodes, Inn. 

poplitei, that lie caudal to the knee at the origin of 
the gastrocnemius muscles. A smaller lymph node 
is constantly present cranial to the main node. It is 
closely associated with the large blood vessels and 
nerves of the region. The nodes are 3 to 10 mm in 
diameter. 

The thoracic duct, ductus thoracicus, is the main 
channel for the return of the lymph from the body. 
Its origin, course and termination vary greatly. It 

begins between the crura of the diaphragm as the 
cranial continuation of the cisterna chyli. The cis- 
tern is the dilated portion of the lymph channel and 

is formed by the lumbar lymph trunks that are the 

cranial continuations of the lymph vessels from the 
iliac lymph nodes. The cistern also receives the 
lymph vessels from the intestine. In the thorax the 
thoracic duct passes cranially, between the aorta 
and the right azygos vein. At the level of the sixth 
thoracic vertebra it inclines to the left, passes be- 
tween the aorta and the azygos vein and enters the 
cranial mediastinum. It passes cranioventrally in 

the cranial mediastinum and opens into the left 
brachiocephalic trunk, or into one of the large veins 
at the thoracic inlet. 

The tracheal trunk, truncus trachealis, is formed 
by the left and right tracheal ducts which arise from 
the retropharyngeal lymph nodes and pass caudally 
in the neck along the internal jugular veins. The 
left duct commonly drains into the thoracic duct, 
or into the large veins at the base of the neck. The 

right duct drains into the large veins at the base of 
the neck. 

The spleen, lien (Fig. 5-7), is a relatively small 

strap-like organ approximately 7 cm long, 15 mm 
wide and 0.5 cm thick. It has a thin capsule and is 
reddish-brown. The spleen has a parietal or free 

surface and a visceral or attached surface, dorsal 
and ventral extremities, and cranial and caudal 

margins. The visceral surface is divided into two 
sub-equal parts by the gastrosplenic ligament. The 
visceral surface is attached to the greater curvature 
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of the stomach by the gastrosplenic ligament and 
its dorsal extremity is attached to the left kidney by 
the phrenicosplenic ligament. The hilus extends 
over the whole length of the visceral surface. The 
spleen is innervated by nerves from the celiac plex- 
us, and receives its blood supply from the splenic 
artery. The vessel lies in the gastrolienal ligament. 
It gives off branches to the spleen along the entire 
length of the hilus. Venous drainage is via the 
splenic vein. Lymph is drained through the splenic 

lymph nodes. 
The thymus, thymus (Figs. 9-1 and 9-2), is a lym- 

phoid organ that is developed best in immature an- 
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imals. It undergoes involution and in the adult is 
mostly replaced by fat and connective tissue. The 
thymus of the woodchuck consists of left and right 
lobes that lie in the cranial mediastinum. It extends 
between the first rib and the heart. In the newborn 
animal it extends for a short distance beyond the 
first rib into the base of the neck. The left lobe is 
more extensive than the right and extends to the 

left of the heart. It is attached to the pericardium. 
The thymus is supplied with blood by thymic 

branches from the internal thoracic arteries. Ve- 
nous blood drains into brachiocephalic veins. Sym- 
pathetic and vagal branches innervate the thymus. 



Chapter 10. Central Nervous System 

MENINGES 

The central nervous system is well protected 
within the cranium and vertebral canal. Three 
membranes, the dura mater, arachnoid and pia ma- 
ter envelop the central nervous system. 

The dura mater, dura mater, is the most super- 

ficial of the meninges. It forms a tough, fibrous 
sheath around the brain and spinal cord. The two 
parts are continuous through the foramen mag- 
num. The dura mater of the brain and spinal cord 
has slightly different relationships and are described 

separately. 
The spinal dura mater, dura mater spinalis, sur- 

rounds the spinal cord. It attaches to the foramen 
magnum of the skul and tapers to a slender sheath, 
filum durae matris spinalis, which is attached to the 
third or fourth caudal vertebra. 

In the sacral, lumbar and thoracic parts of the 

vertebral canal it is separated from the periosteum 

of the vertebrae by a wide epidural space, cavum 
epidurale. The latter is filled with fat. In the cervical 
region the duramater fuses with the periosteum of 
the cervical vertebrae along the floor of the verte- 
bral canal, thereby obliterating the epidural space 
ventrally. Within the vertebral canal the dura mater 
surrounds the spinal nerves and attaches to the in- 
tervertebral foramina. 

The cranial dura mater, dura mater encephali, 

fuses with the periosteum of the cranial cavity. It is 
firmly attached to the crista galli, crista petrosa, 
dorsum sellae, around the foramina of the cranial 
cavity and at the foramen magnum. A fold of dura 
mater, the falx cerebri, falx cerebri, lies in the dorsal 

longitudinal fissure between the two cerebral hemi- 
spheres. A transverse sheet of dura mater, the mem- 

branous tentorium cerebelli, tentorium cerebelli 

membranaceum, lies in the transverse fissure sepa- 
rating the cerebral hemispheres and cerebellum. On 
the floor of the cranial cavity it spans the hypo- 

physeal fossa, forming the diaphragma sellae 
through which the stalk of the hypophysis passes. 

The arachnoid, arachnoid is the middle layer of 

the meninges and consists of spinal and cranial 
parts, arachnoidea spinalis/encephali. Together with 
the pia mater it forms the leptomeninges. The 

arachnoid is separated from the dura mater by a 
potential subdural space and from the pia mater by 
the subarachnoid space, cavum subarachnoideale. Its 

superficial surface lies against the dura mater, held 

in position by cerebrospinal fluid pressure. The in- 

ner surface of the arachnoid is attached to the pia 

mater by long, delicate strands of connective tissue, 
the arachnoid trabeculae. The trabeculae traverse 
the subarachnoid space. The latter is filled with ce- 
rebrospinal fluid. The depth of the subarachnoid 
space is variable since the arachnoid lies against the 
dura mater and the pia mater follows every irreg- 
ularity of the brain surface. At certain sites the sub- 
arachnoid space forms enlargements or cisternae. 
The largest of the cisternae is the cisterna cerebel- 

lomedullaris, or cisterna magna, located between the 
caudal surface of the cerebellum and the dorsal sur- 
face of the myelencephalon. 

The pia mater, pia mater, is the innermost layer 
of the meninges. It is a very delicate layer and is 
generally one cell layer thick. The pia consists of 
spinal and cranial parts, pia mater spinallis/ence- 
phali, and covers the entire external surface of the 
central nervous system. It continues into the depth 

of various sulci, fissures and perivascular channels. 

It is very vascular since all blood vessels to and 
from the central nervous system must travel in the 

arachnoid trabeculae and pia mater. The pia mater 
is thickened along each side of the spinal cord, 
forming the denticulate ligament, lig. denticulatum. 
The denticulate ligament has lateral extensions 
which traverse the subarachnoid space to attach to 

the dura mater between the entrances of successive 
spinal nerve roots into the dural sheath. It therefore 

suspends the spinal cord within the dural sheath. 
The leptomeninges (arachnoid and pia) of the 

brain are reflected onto the cranial nerves and those 
of the spinal cord are reflected onto the roots of 
the spinal nerves. 

BRAIN, ENCEPHALON 

The brain develops from the rostral (cephalic) 
portion of the neural tube, where, at first, three 
vesicles develop. These vesicles give rise to the fore- 
brain or prosencephalon, the midbrain or mesen- 

cephalon, and the hindbrain or rhombencephalon. 
With further development the forebrain gives rise 
to the telencephalon and diencephalon, the mid- 
brain remains undivided and the hind brain gives 

rise to the metencephalon (cerebellum and pons) 

and myelencephalon (medulla oblongata). 

Collectively, the diencephalon, mesencephalon, 
pons and myelencephalon form the brain stem. 
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Fig. 10-1. 
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Brain, dorsal view. 1 olfactory bulb, 2 median fissure, 3 pseudosylvian fissure, 4 transverse fissure, 5 met- 

encephalon (cerebellum), 6 myelencephalon, 7 vermis, 8 paraflocculus, 9 cerebellar hemisphere, 10 cerebrum. 

Meier (1983) studied the relative brain size with- 

in American sciurids, and Doetsh and Towe (1981) 

reported on the pyramidal tracts. The woodchuck’s 
brain is approximately 45 mm long, 30 mm wide 

and 20 mm thick. It weighs approximately 11 
grams. 

Viewed from above (Fig. 10-1) it has an almost 
triangular, smooth, forebrain rostrally and a cor- 
rugated cerebellum caudally. The olfactory bulbs 
project 10 mm beyond the rostral border of the 
cerebral hemispheres and caudally the myelenceph- 
alon projects 5 mm beyond the caudal border of 
the cerebellum. The paraflocculi of the cerebellum 

are about 5 mm long and 5 mm wide and project 

laterally from the cerebellar hemispheres. 
The two cerebral hemispheres are separated from 

each other by the longitudinal fissure, fissura lon- 
gitudinalis cerebri, which contains the falx cerebri 
and from the cerebellum by the transverse fissure, 

fissura transversa cerebri, which contains the tento- 
rium cerebelli membranaceum. 

Viewed laterally (Fig. 10-2), the cerebrum is 
somewhat wedge-shaped, with the widest part cau- 
dally. The olfactory peduncle, pedunculus olfacto- 
rius, lateral olfactory tract, tractus olfactorius later- 

alis, and piriform lobe, lobus piriformis, are 
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Fig. 10-2. Brain, lateral view. 1 Pseudosylvian fissure, 2 temporal lobe, 3 vermis, 4 cerebellar hemisphere, 5 parafloccular 

lobe, 6 glossopharyngeal n., 7 vagus n., 8 accessory n., 9 first cervical spinal n., 10 hypoglossal n., 11 myelencephalon, 

12 vestibulocochlear n., 13 facial n., 14 pons, 15 abducent n., 16 trigeminal n., 17 mesencephalon, 18 piriform lobe, 19 

optic n., 20 lateral olfactory tract, 21 lateral olfactory groove, 22 olfactory bulb. 

separated from the rest of the cerebral hemisphere 
by a distinct lateral olfactory sulcus, sulcus rhinalis 
lateralis. The optic chiasma, chiasma opticum, lies 
ventromedial to the junction of the lateral olfactory 
tract and piriform lobe and rostral to the stalk of 
the hypophysis. The hypophysis, hypophysis, lies 
medial and ventral to the lowest part of the piri- 
form lobe. The diencephalon is obscured from view 

by the piriform lobe. 

Only a small, triangular portion of the mesen- 

cephalon (crus cerebri) and its oculomotor nerve is 

visible between the hypophysis and the pons. The 

trochlear nerve emerges between the caudal border 
of the piriform lobe and the pons and crosses the 
lateral surface crus cerebri. 

_ The cerebellum, cerebellum, pons, pons, and my- 
elencephalon, myelencephalon, lie caudal to the 
fore- and midbrain. The cerebellum lies dorsal to 
the myelencephalon. It is approximately 12 mm 
wide and 12 mm high. The pons consists separates 
the mesencephalon and myelencephalon. The my- 
elencephalon lies caudal to the pons and ventral to 
the cerebellum. It gives rise to cranial nerves X to 
X11 and continues caudally as the cervical spinal 
cord. 

Viewed ventrally (Fig. 10-3), the olfactory bulbs, 
olfactory peduncles and piriform lobes form the 
medial part of the cerebral hemispheres. The optic 
nerves converge at the optic chiasma and then di- 
verge as the optic tracts, tractus opticus. The latter 
pass caudolaterally, between the hypophysis and 
piriform lobes, where they are concealed from view. 
The tuber cinereum, tuber cinereum, is a round, 

slightly elevated area of gray matter caudal to the 

optic chiasma. It encircles the stalk of the hypoph- 
ysis and is only visible when the hypophysis is re- 
moved. Attached to the caudal border of the tuber 

cinereum is a small, elevated area of white matter, 

the mamillary body, corpus mamiullare. The crus cer- 

ebri consists of two elevated tracts of nerve fibers 
along the floor of the mesencephalon. They con- 

verge somewhat and pass deep to the pons. Be- 
tween the two crura, caudal to the hypophysis, is a 
deep depression, the fossa interpeduncularis. The oc- 
ulomotor nerves appear along the lateral borders of 
the two crura. 

The pons forms a prominent transverse band 
across the brain stem. It bears a deep, median 

groove, the sulcus basilaris. The latter contains the 

basilar artery. The parafloccular lobes, paraflocculus, 
of the cerebellum form two prominent projections 

laterally to the pons. 
The ventral surface of the myelencephalon is vis- 

ible caudal to the pons. It is divided by a longitu- 
dinal groove, fissura mediana, which contains the 
basilar artery. Lateral to the median fissure are two 
longitudinal tracts of nerve fibers, the pyrimids, 
pyramis. Caudal to the pons is a transverse bundle 
of fibers, the trapezoid body, corpus trapezoideum. 
Lateral to the pyramis and caudal to the trapezoid 
body is an oval elevation, the olive, oliva. Cranial 
nerves V to X11 emerge from the ventral and lateral 
surfaces of the myelencephalon. 

A sagittal section (Fig. 10-4) between the two ce- 
rebral hemispheres and through the cerebellum and 
brain stem allows a median view of the cerebral 
hemispheres. It reveals some of the structures ob- 

scured from view in the intact brain. 
The two cerebral hemispheres are connected by 

a broad band of nerve fibers, the corpus callosum. 
From rostral to caudal, the corpus callosum con- 

sists of a genu, genu corporis callosi, a body, truncus 
corporis callosi, and a splenium, splentum corporis 
callosi. The genu bends ventrally to form the ros- 
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Fig. 10-3. Brain, ventral view. 1 olfactory bulb, 2 medial olfactory tract, 3 lateral olfactory tract, 4 optic tract, 5 neuro- 

hypophyseal recess within the stalk of the hypophysis (removed), 6 mammillary body, 7 cerebral crus, 8 pons, 9 abducent 

n., 10 facial n., 11 vestibulocochlear n., 12 olive, 13 pyramid, 14 accessory n., 15 first cervical spinal n., 16 median 

fissure, 17 hypoglossal n., 18 vagus n. 19 glossopharyngel n., 20 parafloccular lobe of cerebellum, 21 trapezoid body 22 

trigeminal n., 23 trochlear n., 24 oculomotor n., 25 tuber cinereum, 26 piriform lobe, 27 optic chiasma, 28 optic n., 29 

olfactory peduncle. 

trum corporis callosi. The latter continues as the 
lamina terminalis. The rostral commissure, com- 

mussura rostralis, is a prominent, round bundle of 
transverse nerve fibers in the lamina terminalis. 

Ventral to the corpus callosum is another prom- 
inent band of fibers, the fornix. The corpus callos- 
um and fornix are connected by a mass of septal 
nuclei known as the telencephalic septum, septum 
telencephali (formerly the septum pellucidum). The 
latter separates the two lateral ventricles, ventriculus 
lateralis, from each other. Ventral to the fornix is 

the cavity of the third ventricle, ventriculus tertius. 

The third ventricle encircles the interthalamic ad- 
hesion, adhesio interthalamica, which connects the 
left and right halves of the diencephalon. The lat- 
eral and third ventricles communicate with each 
other through the interventricular foramen, fora- 

men interventriculare. The latter is visible in the ros- 
tral part of the third ventricle, just lateral to the 
point where the fornix and interthalamic adhesion 

join. The third ventricle forms various recesses. 

These are the suprapineal recess, recessus suprapt- 

nealis, that extends dorsal to the pineal gland, the 
pineal recess, recessus pinealis, in the peduncle of 

the pineal gland, an optic recess, recessus opticus, 

dorsal to the optic chiasma and the neurohypophy- 
seal recess, recessus neurohypophysialis, that extends 
into the hypophyseal stalk. The pineal gland, gl. pi- 
nealis, lies in the roof of the third ventricle, cau- 

doventral to the splenium of the corpus callosum. 
The third ventricle continues caudally into the mes- 
encephalon as the mesencephalic aqueduct, aqued- 
uctus mesencephali. 

The large rostral colliculus, colliculus rostralis, 



Chapter 10—Central Nervous System 149 

12 

Fig. 10-4. Brain, median section. 1 rostral colliculus, 2 pineal recess, 3 splenium of the corpus callosum, 4 body of the 

corpus callosum, 5 interventricular for., 6 rostral commissure, 7 telencephalic septum, 8 genu of the corpus callosum, 9 

olfactory bulb, 10 optic chiasma, 11 interthalamic adhesion, 12 hypophysis, 13 cerebral crus, 14 mesencephalic aqueduct, 

15 pons, 16 rostral medullary velum, 17 lingula, 18 caudal colliculus, 19 myelencephalon, 20 nodulus, 21 folia, 22 arbor 

vitae, 23 primary fissure, 24 transverse fissure. 

and the smaller caudal colliculus, colliculus caudalis, 
of the mesencephalon lie dorsally to the aqueduct. 
The mesencephalic peduncle, pedunculus cerebri, 
lies ventral to the aqueduct. 

The cerebellar cortex is arranged as thin leaves 
or folia, folia cerebelli. The folia consist of centrally 

located white matter, arbor vitae, covered by gray 
matter. 

The mesencephalic aqueduct continues caudally 
into the rhombencephalon as the fourth ventricle, 
ventriculus quartus. The roof of the fourth ventricle 
is formed by a rostral and a caudal medullary ve- 
lum, velum medulare rostrale and velum medulare 

caudale. The fourth ventricle continues caudally as 

the central canal of the spinal cord, canalis centralis. 

Subdivisions of the Brain. The telencepha- 
lon (cerebrum) is the largest, most rostral part of 

the brain. It is approximately 30 mm long, 30 mm 
wide and 20 mm thick. Along the midline, the ce- 
rebrum is divided into two cerebral hemispheres by 
the longitudinal fissure. The cerebral hemispheres 
are separated caudally from the cerebellum by the 
transverse fissure. Each cerebral hemisphere con- 
sists of frontal, parietal, occipital and temporal 
lobes. The lobes are topographical areas and their 
boundaries are quite arbitrary. The frontal lobe 
comprises the rostral part of the cerebral hemi- 
sphere, the occipital lobe the caudal part, the tem- 
poral lobe the ventrolateral part and the parietal 
lobe the remaining dorsal part of the cerebral hemi- 
sphere. 

From without inwards the cerebrum consists of 
a layer of gray matter or cerebral cortex, white mat- 
ter beneath the cortex, centrally located basal nuclei 

and the rhinencephalon at the base of the brain. 
Inside each cerebral hemisphere is a cavity, the lat- 

eral ventricle. The two ventricles are separated from 

each other by the telencephalic septum. The latter 

is often double, with a cavity between the two lay- 
ers. The two cerebral hemispheres are connected to 

each other by the corpus callosum. 

The cerebral cortex, cortex cerebri (Figs. 10-1 to 

10-4), consists of three phylogenetically different 

parts, namely the neocortex, the palleocortex and 

the archicortex. The neocortex is laterally separated 

from the paleocortex by the lateral rhinal sulcus 
and medially from the archicortex by the very in- 

distinct splenial sulcus. It forms the greater part of 
the cerebral cortex that is visible on the surface of 
the brain. Together the archicortex and paleocortex 

form the rhinencephalon. 
The surfaces of the neocortex, neopallium, are 

mostly smooth. The gyri are generally poorly de- 

fined and the sulci very shallow. Furthermore, the 

development of the sulci and the gyri varies be- 
tween animals and often between the left and the 
right sides. The pseudosylvian fissure, fissura pseu- 

dosylvia, is indicated by a shallow depression on the 

lateral surface of the cerebral hemisphere. It con- 

tains the middle cerebral artery or one of its 

branches. The marginal sulcus, sulcus marginalis, is 
a very shallow, longitudinal groove or depression 
along the dorsal surface of the cerebral hemisphere. 
It varies greatly in length. On some specimens a 

cruciate sulcus, sulcus cruciatus, is present on the 

rostrodorsal surface. 
A very faint and shallow splenial sulcus, sulcus 

splenialis, is present on the medial surface of the 

cerebral hemisphere. It generally contains the cau- 

dal cerebral artery. The callosal sulcus, sulcus cor- 

poris callosi, bounds the corpus callosum rostrally, 

dorsally and caudally. At the caudal end of the cor- 
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pus callosum, the callosal sulcus blends with the 
hippocampal sulcus, sulcus hippocampi, which pass- 

es ventrorostral to the temporal lobe. 
The gyri of the cerebral cortex are separated from 

each other by the various sulci and are generally 
named after an adjacent sulcus. However, very few 
gyri are identifiable on the surface of the cerebral 
cortex of the woodchuck. On the lateral surface, the 

marginal gyrus, gyrus marginalis, lies between the 
marginal and splenial sulci. It extends along the 
dorsal and caudal margin of the cerebral hemi- 
sphere and is continues with the occipital gyrus, 

gyrus occipitalis. On the medial surface, the cingu- 

late gyrus, gyrus cinguli, surrounds the corpus cal- 
losum rostrally, dorsally and caudally. It lies be- 
tween the splenial and callosal sulci. 

The dentate gyrus, gyrus dentatus, is partly in- 

voluted in the depth of the hippocampal sulcus and 
extends from the temporal lobe to the splenium of 
the corpus callosum. Its free border is visible along 
the concave lateral side of the hippocampal sulcus. 

The rhinencephalon consists of basal, septal and 

limbic parts. 

Basal part, pars basalis rhinencephali: The olfac- 

tory nerves from the olfactory mucosa enter the 

olfactory bulbs. The latter lie in the ethmoidal fos- 
sae of the ethmoid bone. The olfactory bulbs are 
about 10 mm long, 5 mm wide and 5 mm deep. 

They are connected to the cerebral hemispheres by 

the olfactory peduncles, pedunculus olfactorius. The 
peduncles consist of lateral and medial olfactory 
tracts. The lateral olfactory tract, tractus olfactorius 
lateralis, is the larger of the two tracts. It connects 
the olfactory bulb with the caudal part of the piri- 

form lobe and is separated from the neocortex by 

the lateral rhinal sulcus, sulcus rhinalis lateralis. 
The lateral rhinal sulcus is the most prominent 

and constant groove on the surface of the brain and 
extends along the entire length of the cerebrum. It 
separates the dorsally situated neocortex from the 

paleocortex. The sulcus is divided into rostral and 

caudal parts by the pseudosylvian fissure. The low- 
est point of the piriform lobe is the tuberculum 
hippocampi. 

The medial olfactory tract, tractus olfactorius me- 
dialis, curves around the medial aspect of the ce- 
rebral hemisphere and connects the olfactory bulb 
with the septal part of the rhinencephalon. Between 

the two tracts is a slightly elevated, oval area, the 
olfactory tubercle, tuberculum olfactorium. The lat- 
ter represents the rostral part of the piriform lobe. 

Septal part, pars septalis rhinencephali: This part 

of the rhinencephalon lies on the medial surface of 
the cerebral hemisphere, rostroventral to the corpus 

callosum, and includes the interventricular septum. 
Limbic part, pars limbica rhinencephali: This part 

of the rhinencephalon consists of the indusium 
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griseum, hippocampus, and fornix. The indusium 
griseum, indusium griseum, is a thin layer of gray 
matter that lies on the corpus callosum. It bends 
ventrally over the caudal point of the corpus cal- 
losum and blends with the dentate gyrus. The latter 
joins the hippocampus and follows it to the tuber- 
culum hippocampi. The hippocampus, hippocam- 
pus, is a C-shaped mass of cerebral cortex in the 
caudal floor of the third ventricle. It extends from 
the tuberculum hippocampi, first caudally, then 
dorsomedially and finally rostromedially, around 
the thalamus. The ventricular surface of the hip- 
pocampus is covered by a thin layer of white mat- 
ter, the alveus, alveus hippocampi. The major part 

of the fibers from the alveus gathers along the con- 
cave (rostral) edge of the hippocampus to form the 
fimbria of the hippocampus, fimbria hippocampi. 
The fimbria continues medially and rostrally along 
the rostral edge of the hippocampus to form the 

crus of the fornix, crus fornicis. The left and right 
crura join ventrally to the splenium of the corpus 
callosum to form the body of the fornix, corpus 

fornicis. Just caudal to the point where the two cru- 
ra meet, some of the fibers decussate to form the 

commissure of the fornix, commissura fornicis. The 

fornix continues rostrally as two columns, columna 

fornicis. At the level of the rostrum of the corpus 
calosum the columns bend ventrally and end in the 
mammillary body. The interventricular foramen 
lies caudal to the columns of the fornix. 

The basal nuclei (subcortical gray matter) are a 
group of nuclei located deep in the frontal, parietal 

and temporal lobes of the cerebral hemispheres. 

They consist of the corpus striatum, the claustrum 

and the amygdala. 
The corpus striatum, corpus striatum, belongs to 

the neocortex and is the largest of the basal nuclei. 
It is subdivided into the caudate and the lentiform 
nuclei. The caudate nucleus, nucleus caudatus, is an 
oval mass that protrudes into the third ventricle, 

rostral to the hippocampus. It is separated from the 
thalamus by the stria terminalis, and from the len- 
tiform nucleus by the internal capsule. 

Fiber Tracts. The white matter of the telen- 
cephalon consists of two nerve fiber systems. These 
are the corticocortical fibers and the projection fi- 
bers. 

The corticocortical fibers have both their origins 
and terminations in the cerebral cortex. They con- 
nect different cortical areas of the same cerebral 
hemisphere (association fibers), or homologous ar- 
eas on opposite sides of the cerebrum (commissural 

fibers). 

Projection fibers originate in the cerebral cortex 
and descend to lower centers, or originate in lower 
centers and ascend to the cerebral cortex. The pro- 
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jection fibers of the neocortex form the internal 

capsule. The fibers pass through the diencephalon 
and form the peduncles of the mesencephalon. 

Lateral Ventricles. Each cerebral hemisphere 
contains a lateral ventricle. A ventricle consists of a 
rostral horn, cornu rostrale, a central part, pars cen- 

tralis, and a temporal horn, cornu temporale. The 

telencephalic septum separates the ventricles from 
each other. 

The rostral horn extends into the olfactory pe- 
duncle and bulb. Its medial wall is formed by the 

telencephalic septum and the head of the caudate 

nucleus lies in the lateral wall. 
In the central part, the fornix lies in the medial 

wall and the rest of the caudate nucleus in the lat- 

eral wall. The hippocampus and its fimbria projects 

into the temporal horn. The latter extends into the 

tuberculum hippocampi. 
The choroid plexus of the lateral ventricle, plexus 

choroideus ventriculi lateralis, extends along the fim- 

bria and fornix. On each side an interventricular 
foramen connects the lateral ventricle with the third 
ventricle of the diencephalon. 

Diencephalon (Figs. 10-3 and 10-4). This is 
the most rostral portion of the brain stem. Most of 
it is obscured from view by the piriform lobes of 
the cerebrum, but is visible if the latter is lifted and 

pulled rostrally. The structures of the diencephalon 
are arranged around the third ventricle. During ear- 
ly embryonal development the lateral walls of the 

diencephalon thicken and protrude into the cavity 

of the third ventricle. The thickened areas fuse in 
the midline to form the interthalamic adhesion, ad- 
hesio interthalamica. The adhesion transforms the 
third ventricle into a circular cavity. 

The subdivisions of the diencephalon are the epi- 
thalamus (pineal) along the dorsal midline, the 

thalamus in the center, the hypothalamus along the 

midline at the base of the diencephalon, the meta- 
thalamus dorsolateral and subthalamus caudoven- 
tral to the thalamus and caudolateral to the hypo- 

thalamus. 

The thalamus, thalamus, is the largest part of the 
diencephalon. It forms the dorsomedial part of the 

diencephalon. Except for the area of the adhesion 
along the midline of the thalami, the third ventricle 

separates the two sides. The dorsal surface of the 
thalamus forms a slightly elevated, triangular area 
of grey matter. Viewed from above the thalamus is 
separated from the caudate nucleus by the stria ter- 
minalis and bounded medially by the habenular 
stria, stria habenularis thalami. The roof of the third 
ventricle is attached to the habenular stria along the 
tenia thalami. 

The metathalamus, metathalamus, consists of a 
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large lateral and smaller medial geniculate bodies. 
The lateral geniculate body, corpus geniculatum la- 

terale, is located dorsally at the caudolateral angle 
of the thalamus. It receives the fibers from the optic 
tract. The medial geniculate body, corpus genicula- 
tum mediale, lies caudoventral to the lateral genic- 
ulate body. It forms the caudalmost part of the di- 

encephalon and_ receives fibers from _ the 
vestibulocochlear nerves. 

The epithalamus, epithalamus, is a narrow area 
along the dorsal midline of the diencephalon. It 
consists of the pineal gland and habenula. The pi- 
neal gland, glandula pinealis, lies in the roof of the 
third ventricle, caudo-ventral to the splenium of 

the corpus callosum. It is about 1 mm in diameter 

and is attached to the ventricular wall by a pedun- 
cle. The habenula, habenula, is a small mass of gray 

matter located under the rostral limb of the pineal 

peduncle. 

On either side of the midline the hypothalamus, 

hypothalamus, lies at the base of the diencephalon. 
It lies medial to the subthalamus and lateral to the 
third ventricle. Major landmarks on its ventral sur- 

face are the optic chiasma, the tuber cinereum and 

the mammillary bodies. The relationship of the op- 

tic chiasma to the hypothalamus is largely topo- 

graphical. 
The subthalamus, subthalamus, is a transitional 

area between the thalamus and the mesencephalon 
and lies caudal and lateral to the hypothalamus. 

Third Ventricle, Ventriculus Tertius. This 

is the cavity of the third ventricle. It lies in the 
median plane and encircles the interthalamic ad- 
hesion. It connects rostrodorsally with the lateral 
ventricles by way of the interventricular foramen 
and caudally with the aqueduct of the midbrain. 
The choroid plexus of the third ventricle protrudes 
from the dorsal aspect of the third ventricle into its 

lumen and is continuous with the choroid plexus 
of the lateral ventricles through the interventricular 
foramen. The third ventricle has suprapineal, pi- 
neal, optic and neurohypophyseal recesses. 

Midbrain, Mesencephalon (Figs. 10-2 to 10- 

4). The midbrain lies between the diencephalon 

cranially and the metencephalon caudally, and is 
divided by the aqueduct, aqueductus mesencephali, 
into the tectum dorsally and peduncles ventrally. 

The tectum, tectum mesencephali, lies dorsal to 

the aqueduct. It consists of four rounded elevations, 
two rostral colliculi and two caudal colliculi. Each 

colliculus is connected to the brain stem by a fiber 
tract. 

The rostral colliculi, colliculi rostrales, are ap- 

proximately 7 mm in diameter and 4 mm high. 
Each rostral colliculus is connected to a lateral ge- 
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niculate body of the metathalamus by a band of 
fibres, the brachium colliculi rostralis. 

The caudal colliculi, colliculi caudales, are small. 
They are approximately 5 mm wide, 2 mm long 
and 2 mm high. Each caudal colliculus is connected 
to a medial geniculate body of the metathalamus 
by a fiber tract, the brachium colliculi caudalis. 

The mesencephalic peduncles, pedunculus cerebri, 
consist of two crura ventrally and a tegmentum 
dorsally, separated from each other by the substan- 
tia nigra. Each crus, crus cerebri, is composed of a 

large group of superficially located nerve fibers 
along the ventrolateral surface of the midbrain. The 
crus extends from the optic tract to the pons. The 
crura emerge from the caudal aspect of the optic 

tracts, halfway between the optic chiasma and the 
lateral geniculate body. They converge caudally and 
are separated by a deep depression, the fossa inter- 
peduncularis. The tegmentum, tegmentum, lies be- 
tween the crura ventrally and the aquaduct dorsally. 

It consists of various nuclei. 
The oculomotor (III) and trochlear (IV) nerves 

originate in the mesencephalon. 
The aqueduct of the mesencephalon connects the 

third ventricle of the diencephalon with the fourth 

ventricle of the rhombencephalon. It is tube-like in 

shape and shows two dorsal enlargements that ex- 

tend into the rostral colliculi. 

Pons (Figs. 10-2 to 10-4). The pons is a 
bridge of fibers that externally separates the met- 
encephalon from the midbrain and the myelen- 

cephalon. It consists of a superficial band of trans- 
verse nerve fibers and deeper nuclei. The pons is 
connected on both sides to the cerebellum by the 
middle cerebellar peduncles, pedunculus cerebellaris 
medius. 

Cerebellum (Figs. 10-1 to 10-4). The cere- 

bellum is about 15 mm long and 30 mm wide. It 

lies dorsal to the fourth ventricle and is attached to 
the brain stem on each side by nerve fibers forming 
rostral, middle and caudal cerebellar peduncles. 
The rostral cerebellar peduncle, pedunculus cerebel- 

laris rostralis, connects the cerebellum to the mid- 
brain, the middle cerebellar peduncle, pedunculus 
cerebellaris medius, connects the cerebellum to the 
pons. A caudal cerebellar peduncle, pedunculus cer- 
ebellaris caudalis, connects the cerebellum to the 

dorsal funiculus of the spinal cord. The surface the 
cerebellum is deeply fissured, dividing it into folia 
or leaves. The primary fissure, fissura prima, divides 

the cerebellum into rostral and caudal lobes. In 
spite of its considerable depth, the fissura prima is 

not easily detectable among the large number of 
similar sulci unless the cerebellum is hemisected. 
Topographically the cerebellum is divided into a 
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median portion, the vermis, vermis, and a cerebellar 
hemisphere, hemispherium cerebelli, on each side. 
The vermis and hemispheres are divided into a 

number of lobules that are designated by the Ro- 
man numerals I to X. (For the classification of the 

lobules see Larsell 1953). 

The rostral lobule of the vermis is the lingula, 

lingula cerebelli, and the caudal lobule the nodulus, 

nodulus. 

On the ventral surface of each hemisphere, just 
lateral to the middle peduncle of the cerebellum, is 

a small lobule, the flocculus, flocculus. Immediately 
dorsal to the flocculus lies the prominent parafloc- 
cular lobe, paraflocculus. 

Myelencephalon (Figs. 10-2 to 10-4). The 
myelencephalon is the most caudal portion of the 
brain stem. It extends from the caudal edge of the 
pons to the beginning of the spinal cord and con- 
tains the nuclei of some of the cranial nerves, as- 
cending and descending fiber bundles with associ- 
ated nuclei, and the fourth ventricle. 

On the ventral surface of each side of the median 
fissure lies the pyramids, pyramis. According to 

Doetsch and Towe (1981), the pyramids consist of 
fibers that originate entirely within the rostral half 
of the cerebral hemispheres. They follow a course 
that is typical for rodents. 

Caudal to the pons a bundle of transverse fibers 
form the trapezoid body, corpus trapezoideum. 

Lateral to the pyramids, just caudal to the trap- 

ezoid body, is a round, elevated area, the olive, oli- 

va. 
On the dorsal surface the myelencephalon is a 

hollow, the rhomboid fossa, fossa rhomboidea, that 

forms the floor of the fourth ventricle. The fossa is 
separated into two halves by the median sulcus, sul- 
cus medianus, and each half is divided into dorsal 

and ventral segments by the sulcus limitans. Rostro- 
lateral to the rhomboid fossa is a prominent swell- 
ing, the acoustic tubercle, tuberculum acusticum. 
The cuneate nucleus, nucleus cuneatus, forms a 
prominent swelling along the caudolateral border 
of the rhomboid fossa. 

Fourth Ventricle, Ventriculus Quartus. 

The fourth ventricle is the cavity of the rhomben- 
cephalon. It lies between the cerebellum dorsally 
and the pons and myelencephalon ventrally. It 
opens rostrally into the aqueduct of the midbrain 
and it continues caudally as the central canal of the 
spinal cord. It has two lateral recesses, recessus la- 
teralis ventriculi quarti, and communicates with the 

subarachnoid space through two lateral openings, 
apertura laterales ventriculi quarti. 

The roof of the fourth ventricle is mostly a thin 
membrane. The rostral part, or rostral medullary 
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vellum, velum medullare rostrale, lies between the 
rostral cerebellar peduncles. The vellum is attached 

rostrally to the midbrain and caudally to the cere- 
bellum. The caudal part of the ventricular roof, or 

caudal medullary vellum, velum medullare caudale, 

lies between the two caudal cerebellar peduncles. It 
extends from the central canal of the spinal cord to 
the cerebellum. The lateral apertures lie in the cau- 

dal part of the roof of the fourth ventricle. 
The choroid plexus of the fourth ventricle is at- 

tached to the roof of the ventricle. Part of the plex- 
us protrudes through the lateral apertures into the 
subarachnoid space. 

Circulation of Cerebrospinal Fluid. The 
pia mater is closely applied to the surface of the 
brain and contains a rich network of blood vessels. 
In the lateral and fourth ventricles the neural tube 
thins, leaving only the pia mater and the epithelial 
lining of the ventricles, the ependyma, to form a 
thin sheet of non-nervous tissue, the tela choroidea 
to serve as a roof to the brain cavity. The blood 
vessels in the tela choroidea branch profusely, 
forming a choroid plexus. The choroid plexus se- 
cretes cerebrospinal fluid into the ventricles. From 

the lateral ventricles the fluid passes through the 
interventricular foramina into the third ventricle, 
and from there through the aquaduct of the mid- 
brain into the fourth ventricle. From the fourth 
ventricle cerebrospinal fluid circulate down the 
central canal of the spinal cord, as well as through 

the lateral apertures of the fourth ventricle into the 
subarachnoid space surrounding the brain and spi- 
nal cord. Cerebrospinal fluid is absorbed back into 
the blood from the subarachnoid space, mostly at 
arachnoid villi, located along the lateral sides of the 
dorsal sagittal sinus. 

SPINAL CORD, MEDULLA SPINALIS 

This division of the central nervous system is en- 
closed within the vertebral canal. It develops from 
the neural tube caudal to the three brain vesicles 
and extends from the foramen magnum to the level 
of the first lumbar vertebra (Figs. 10-5 and 10-6). 

The spinal cord has two enlargements, one in the 

cervicothoracic area and the other at the thoraco- 
lumbar junction. The cervical enlargement, intu- 

mescentia cervicalis, lies at the cervicothoracic junc- 
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Fig. 10-5. Brain and spinal cord in situ, schematic dorsal 

view. 1 cerebrum, 2 wing of atlas, 3 transverse process of 
first thoracic vertebra, 4 lumbar intumescence, 5 terminal 

filum in the cauda equina, 6 first sacral vertebra, 7 first cau- 

dal vertebra, 8 first lumbar vertebra, 9 spinal ganglia, 10 
cervical intumescence, 11 cerebellum. 
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Fig. 10-6. The cervico-thoracic spinal cord exposed in 

dorsal view. 1 median groove, 2 dura mater, opened and 

reflected, 3 subarachnoid space, 4 transverse process, 5 

spinal n., 6 epidural space, 7 dorsal roots of spinal n., 8 

spinal ganglion. 

tion. It indicates the area from which the nerves to 
the thoracic limb arise. The lumbar enlargement, 

intumescentia lumbalis, lies at the thoracolumbar 

junction. It indicates the origin of the nerves to the 
pelvic limbs. Caudal to the lumbar enlargement the 

spinal cord tapers to a cone, the conus medullaris. 

The spinal cord ends as a thin strand of tissue, the 

filum terminale. Within the vertebral canal, sacral 

and caudal spinal roots pass caudally toward the 
intervertebral foramina where they exit. Collective- 

ly, these roots form the cauda equina. 
A ventral median fissure, fissura mediana, and a 

dorsal median groove, sulcus medianus, divide the 
spinal cord into symmetrical halves. Dorsolateral 

and ventrolateral grooves, sulcus lateralis dorsalis 

and sulcus lateralis ventralis, farther subdivides each 
halve of the spinal cord. The dorsal and ventral 

roots of the spinal nerves emerge at the dorsolateral 
and ventrolateral grooves respectively. The median 
fissure contains the ventral spinal artery. 

The substance of the spinal cord is arranged 

around the central canal, canalis centralis, with the 
gray matter centrally and the white matter periph- 

erally. The white matter consists of tracts; bundles 
of axons and since these are myelinated, the overall 
color is white. Gray matter consists of aggregations 
of nerve cell bodies showing little myelin and so 
the overall appearance is gray. 
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In transverse section the gray matter is butterfly- 

shaped. Each wing of gray matter is divided into 
dorsal and ventral horns, cornu dorsale and cornu 
ventrale. An intermediate zone or lateral horn, cor- 

nu laterale, is only visible in the thoracolumbar sec- 
tion of the spinal cord. 

The white matter is divided into longitudinal 
bundles or funiculi. The dorsal funiculus, funiculus 

dorsalis, lies medial to the dorsal roots of the spinal 
nerves. The lateral funiculus, funiculus lateralis, lies 
between the dorsal and ventral roots and the ven- 
tral funiculus, funiculus ventralis, lies ventral to the 
ventral roots. 

PERIPHERAL NERVOUS SYSTEM, 
CRANIAL NERVES 

General Considerations. There are twelve 
pairs of cranial nerves. These are the olfactory, op- 

tic, oculomotor, trochlear, trigeminal, abducent, fa- 

cial, vestibulochochlear, glossopharyngeal, vagus, 

accessory and hypoglossal nerves (Fig. 10-3). Seven 

categories of fibers are present in the cranial nerves. 

These are somatic afferent, special somatic afferent, 

somatic efferent, visceral afferent, special visceral 

afferent, visceral efferent and special visceral effer- 

ent fibres. 

Somatic afferent fibers transmit impulses from 

the skin, muscles and mucous membranes to the 
brain stem. These fibers have their cell bodies in 

sensory ganglia associated with the roots of the cra- 
nial nerves outside the central nervous system. 

Special somatic afferent fibers come from the 

special sensory organs of vision, hearing and bal- 

ance. 
Somatic efferent fibers arise from nuclei within 

the brain stem. They innervate the striated muscles 

of the eye and tongue. 

Visceral afferent fibers conduct sensory impulses 
from the internal organs, not only from the head, 

but also from some of the thoracic and abdominal 

viscera. These fibers have their cell bodies in sen- 

sory ganglia associated with the roots of the cranial 
nerves outside the central nervous system. 

Special visceral afferent fibers are those which 
come from the visceral sensory organs of taste and 
olfaction. 

Visceral efferent fibers have their cell bodies in 

nuclei in the brain stem. They are preganglionic 

fibers and belong to the parasympathetic division 

of the autonomic nervous system. 

Special visceral efferent or branchial motor fibers 

supply striated muscles of branchial origin. They 

are found in the trigeminal, facial, glossopharyn- 

geal, vagus and accessory nerve. The nerves supply 

the muscles of mastication, the muscles of the face, 
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pharynx, soft palate and muscles of the neck and 
thoracic limb that are of branchial origin. 

Cranial Nerve I, Olfactory Nerves, nn. 

olfactorii. The first cranial nerve consists of 
many small bundles of nerve fibers that pass from 
the olfactory mucosa, through the cribriform plate 

of the ethmoid bone, to the olfactory bulb (Fig. 10- 
3). The cell bodies of olfactory neurons are located 
in the olfactory epithelium of the nasal cavity. The 
vomeronasal nerve transmits from the epithelium 
of the vomeronasal organ via the lateral olfactory 

tract to the amygdala. 

Cranial Nerve II, Optic Nerve, n. opticus 
(Fig. 10-3). This second cranial nerve is com- 
posed of the central processes of the ganglion cells 
of the retina. The fibers from the retina leave the 
caudal pole of the eye along a horizontal line ap- 
proximately 10 mm long and 1 mm wide. They 
converge to form the optic nerve that enters the 

cranial cavity through the optic canal. Some of the 
fibres decussate, forming the optic chiasma, before 
they enter the lateral geniculate body. The optic 

nerve is surrounded by extensions of the cranial 
meninges over most of its course. The dura mater, 
however, does not reach the eye, but ends approx- 

imately 1 mm from the sclera. The fibers of the 
optic nerve are classified as special somatic afferent. 

Cranial Nerve III, Oculomotor Nerve, n. 

oculomotorius (Fig. 10-3). The third cranial 

nerve contains general somatic efferent fibers (mo- 

tor) to the striated muscles of the eye and general 
visceral efferent (parasympathetic) fibers to the cil- 
iary ganglion. 

It leaves the cranial cavity through the orbital 
fissure. The nerve enters the periorbita and imme- 
diately divides into dorsal and ventral branches. 

The ventral branch gives off branches to the me- 
dial rectus, ventral rectus and ventral oblique mus- 

cles of the eye. Parasympathetic fibers pass in the 
ventral branch and synapse in the ciliary ganglion, 

ganglion ciliare. Postganglionic fibers innervate the 
muscles of the ciliary body (which regulates the 
curvature of the lens) and the sphincter muscle of 
the iris (which reduces the diameter of the pupil). 

The dorsal branch innervates the dorsal rectus 
muscle of the eye, as well as the levator of the upper 
eyelid. 

Cranial Nerve IV, Trochlear Nerve, n. 

trochlearis (Fig. 10-3). The fourth cranial nerve 
leaves the cranial cavity through the orbital fissure. 
As it emerges from the fissure, it turns dorsome- 
dially and enters the dorsal oblique muscle of the 
eye. The latter is the only muscle supplied by the 
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trochlear nerve. Its fibers are classified as general 
somatic efferent. 

Cranial Nerve V, Trigeminal Nerve, n. tri- 
geminus (Fig. 10-3). The fifth cranial nerve is 

the largest of the cranial nerves. Its sensory fibers 
(general somatic afferent) receive impulses from the 
skin and cutaneous muscles of the head as well as 
from the nasal and oral cavities. Its motor fibers 
(special visceral efferent) innervate the muscles of 

mastication. The trigeminal ganglion, ganglion tri- 
geminale, is the sensory ganglion of the trigeminal 
nerve. It contains the neurons of the afferent fibers. 
The sensory fibers of all three divisions of the tri- 
geminal nerve arise from the trigeminal ganglion. 

The three divisions are the ophthalmic, maxillary 

and mandibular nerves. All the fibers of the oph- 

thalmic and maxillary nerves are sensory, while the 

mandibular nerve carries both sensory and motor 

fibers. 
The ophthalmic nerve, n. ophthalmicus, is the 

main sensory nerve of the orbit. It leaves the cranial 

cavity through the orbital fissure and divides into 
its three primary branches, namely the frontal, lac- 
rimal and nasociliary nerves. 

The frontal nerve, n. frontalis, runs rostrodorsal- 

ly, deep to the periorbita and dorsally to the dorsal 
rectus and levator palpebral muscles. It passes 

through the supraorbital incisure of the frontal 
bone and ramifies in the skin of the upper eyelid 
and supraorbital regions. 

The lacrimal nerve, n. lacrimalis, passes dorsolat- 

erally along the lateral edge of the lateral rectus 

muscle. It supplies the lacrimal gland and sur- 

rounding tissues, including a small area of the up- 

per eyelid, as well as the frontal sinus. 
The nasociliary nerve, n. nasociliaris, passes ros- 

trally, ventral to the trochlear nerve, and gives off 
the ciliary, ethmoidal and infratrochlear nerves. 

The ciliary nerve, n. ciliaris, passes through the 

sclera of the eye to innervate the eyeball. The eth- 
moidal nerve, n. ethmoidalis, passes rostomedially, 

enters the cranial cavity through the ethmoidal fo- 
ramen and then passes through the cribriform plate 
of the ethmoid bone to reach and innervate the part 

of the nasal cavity as far rostrally as the nasal ves- 
tibule. The infratrochlear nerve, n. infratrochlearis, 

runs rostrodorsally along the lateral edge of the 
dorsal oblique muscle. It passes ventral to the 

trochlea for the tendon of the dorsal oblique muscle 

and ramifies in the skin at the medial canthus of 
the eye. 

The maxillary nerve, n. maxillaris, is the largest 
of the three trigeminal nerve divisions. It supplies 
the skin of the cheek, side of the nose, muzzle, mu- 

cuous membrane of the nasopharynx, soft and hard 
palates and the upper teeth and gingiva. The nerve 
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leaves the cranial cavity through the round fora- 
men, passes rostrally through the alar canal and 
then it divides into the zygomatic, pterygopalatine 
and infraorbital nerves. 

The zygomatic nerve, n. zygomaticus, enters the 
apex of the periorbita and divides into zygomati- 
cofacial and zygomaticotemporal branches. The zy- 

gomaticotemporal branch, ramus zygomaticotem- 
poralis, is the dorsal of the two branches. It passes 
rostrally and dorsally along the lateral part of the 
periorbita to emerge at the lateral canthus of the 

eye. It ramifies in the skin of the lateral part of the 
upper eyelid and rostral temporal region. The zy- 
gomaticofacial branch, ramus zygomaticofacialis, 
parallels the zygomaticotemporal nerve within the 

periorbita. It appears on the surface ventral to the 

lateral canthus of the eye and ramifies in the lower 

eyelid and surrounding skin. In some animals the 
two branches pass together and only seperate from 

each other close to the point where they emerge. 
The pterygopalatine nerve, n. pterygopalatinus, 

leaves the medial aspect of the maxillary nerve as 
the latter courses rostrally along the ventral border 

of the periorbita. It is intimately associated with the 
pterygopalatine ganglion of the autonomic nervous 
system. The nerve gives rise to the minor palatine, 
major palatine and caudal nasal nerves. The minor 

palatine nerve, n. palatinus minor, innervates the 
soft palate, while the major palatine nerve, n. pal- 

atinus major, enters the caudal palatine foramen to 

innervate the mucosa of the hard palate and sur- 

rounding gingiva. The caudal nasal nerve, n. nasalis 

caudalis, enters the nasal cavity through the sphe- 
nopalatine foramen. It innervates most of the mu- 

cous membrane of the nasal cavity. 
The infraorbital nerve, n. infraorbitalis, is the 

continuation of the maxillary nerve. It enters the 
maxillary foramen in the pterygopalatine fossa, 
passes through the infraorbital canal and emerges 
at the infraorbital foramen. Within the infraorbital 

canal it gives rise to branches which innervate the 

teeth of the upper jaw. Within the infraorbital canal 
the nerve divides into a number of large fasciculi 
that are distributed to the skin and tactile hairs of 
the upper lip, muzzle and lateral nasal regions. 

The mandibular nerve, n. mandibularis, carries 

both sensory and motor fibers. It leaves the cranial 
cavity through the oval foramen. The trunk of the 
mandibular nerve is short and immediately divides 
upon emerging from the oval foramen. It has eight 

branches. The lateral pterygoid, buccal and masti- 
catory nerves leave the mandibular nerve as it 

emerges from the oval foramen. The three nerves 
pass rostrally to enter the alar canal through the 
caudal alar foramen, then dorsally to exit through 
the foramen alare parvum. 

The lateral and medial pterygoid nerves, n. pter- 
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ygoideus lateralis and n. pterygoideus medialis, in- 
nervate the lateral and medial pterygoid muscles 
respectively. 

The masticatory nerve, n. masticatorius, emerges 
through the foramen alare parvum. It divides into 
the deep temporal and masseteric nerves. The deep 
temporal nerve, n. temporalis profundus, innervates 
the temporal muscle. The masseteric nerve, n. mas- 
setericus, passes laterally along the rostral border of 
the temporo-mandibular joint and then from me- 
dial to lateral over the mandibular notch to inner- 
vate the masseter muscle. 

The auriculotemporal nerve, n. auriculotempor- 
alis (Fig. 10-9), passes laterally along the caudal 
border of the temporomandibular joint. It emerges 
between the external auditory canal and the caudal 
border of the masseter muscle where it divides into 
rostral auricular and transverse facial branches. The 
rostral auricular branch, n. auricularis rostralis, 

crosses the zygomatic arch and innervates the skin 

on the outer surface of the ear canal, as well as the 
temporal and zygomatic regions of the head. The 
transverse facial branch, ramus transversus faciei, 
passes rostrally over the masseter muscle and joins 

the dorsal buccal branch of the facial nerve. It in- 
nervates the skin over the lateral facial region. 

The lingual nerve, n. lingualis, passes rostroven- 
trally between the lateral and medial pterygoid 
muscles. At the rostral border of the medial pter- 

ygoid muscle the lingual nerve is joined by the 
chorda tympani from the facial nerve. It turns ven- 

trally around the rostral border of the medial pter- 
ygoid muscle, gives off a few branches to the isth- 

mus faucium and then joins the lingual blood 

vessels and the mandibular duct. It accompanies 

the blood vessels and duct to supply the sensory 
innervation of the rostral part of the tongue. 

The buccal nerve, n. buccalis, emerges through 
the foramen alare parvum. It passes dorsal to the 
lateral pterygoid muscle, crosses the lateral surface 
of the zygomatic salivary gland and ramifies in the 

buccal mucosa. 
The mylohyoid nerve, n. mylohyoideus, is the 

most caudal of the mandibular branches. It leaves 
the ventral aspect of the mandibular nerve and 
passes rostroventrally between the lateral and me- 

dial pterygoid muscles. At the angle of the mandible 
it gives off a few nerves to the mylohyoid muscle 
and then divides into two branches. One branch 
continues rostrally along the deep face of the my- 
lohyoid muscle, innervating the muscle along the 
way. The terminal end of the nerve emerges super- 
ficially between the rostral bellies of the digastric 
muscles to innervate the skin of the chin and rostral 
intermandibular region (Fig. 10-10). The second 
branch passes rostrally in the groove between the 
rostral belly of the digastric muscle and the mas- 
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Head, superficial left lateral view. 1 zygomatic branch of facial n., 2 transverse facial branch of mandibular n., 

3 rostral auricular nerve, 4 auriculotemporal n., 5 branch of facial nerve to the platysma m., 6-8 buccal branches of facial 

n., 9 mylohyoid n. 

seter muscle. It joins the facial blood vessels. At the 
rostral border of the masseter muscle the nerve 
turns dorsally, crossing the blood vessels, to join 
the ventral buccal branch of the facial nerve (Fig. 
10-10). It innervates the area around the angle of 
the mouth. 

The inferior alveolar nerve, n. alveolaris inferior, 
leaves the dorsal aspect of the mandibular nerve. It 
enters the mandibular canal through the mandib- 
ular foramen and innervates the teeth of the lower 
jaw. Some fibers leave the mandibular canal 
through the mental foramen to innervate the area 
of the lower lip. 

Cranial Nerve VI, Abducent Nerve, n. ab- 

ducens (Fig. 10-3). The sixth cranial nerve 

leaves the cranial cavity through the orbital fissure 
and enters the periorbita. It is the most ventral and 
medial of the cranial nerves which leave the cranial 
cavity through the orbital fissure. The nerve inner- 
vates the retractor bulbi and lateral rectus muscles 
of the eye. Its fibers are classified as general somatic 
efferent. 

Cranial Nerve VII, Facial Nerve, n. facialis 
(Figs. 10-3 and 10-9). The seventh cranial nerve 
contains special visceral efferent, special visceral af- 

ferent, general visceral efferent (parasympathetic) 
and general visceral afferent fibers. The special vis- 
ceral efferent fibers constitute the largest portion of 
the facial nerve, innervating the platysma, auricular, 
palpebral and facial muscles. The general visceral 

efferent fibers are motor to the glands of the nasal 

cavity, mandibular and sublingual salivary glands 
and the lacrimal gland. All the afferent fibers have 

their cell bodies in the geniculate ganglion, gangli- 
on geniculi. They carry impulses from taste buds 

on the tongue and visceral receptors in the epithe- 

lium of the nasal cavity, soft palate and nasophar- 

The facial nerve accompanies the vestibulococh- 

lear nerve into the internal acoustic meatus where 

it enters the facial canal. Within the canal it turns 

sharply, forming the genu of the facial nerve and 

gives off the chorda tympany and major petrosal 

nerves. The geniculate ganglion is located at the 
genu. Distal to the geniculate ganglion the facial 

nerve receives the auricular branch of the vagus 

nerve, then passes through the roof of the middle 

ear cavity and emerges from the canal at the sty- 

lomastoid foramen. It immediately divides into 
dorsal and ventral trunks. The dorsal trunk gives 

rise to the internal auricular, caudal auricular, au- 

riculopalpebral and dorsal buccal nerves. The ven- 

tral trunk gives rise to the digastric, middle and 
ventral buccal nerves and the ramus colli. 

The internal auricular branch, ramus auricularis 

internus, penetrates the caudal aspect of the auric- 

ular cartilage and supplies the sensory innervation 

of the skin on the inner surface of the ear. 
The caudal auricular nerve, n. auricularis cau- 

dalis, passes dorsally to innervate the caudal ear 

muscles. 
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Fig. 10-8. Ventral neck region, ventral view. 1 cutaneous branch of mylohyoid n., 2 buccal branches of facial n., 3 thyroid 

gland, 4 pharyngeal branches of vagus n., 5 anastomoses between linguofacial and maxillary vv., 6 recurrent laryngeal 

n., 7 vagus n., 8 right clavicle, 9 ventral branches of third cervical spinal n., 10 parotid salivary gland, 11 mandibular 
salivary gland. 

The auriculopalpebral nerve, n. auriculopalpe- 
bralis, passes dorsally and rostrally. It lies dorsal to 
the maxillary vein, crosses the zygomatic arch and 
divides into the rostral auricular and zygomatic 
branches. The rostral auricular branch, ramus au- 

ricularis rostralis, innervates the rostral ear muscles. 
The zygomatic branch, ramus zygomaticus, passes 
rostrally and medially to innervate the palpebral 
muscles, excluding the levator of the upper eyelid. 

A digastric branch, ramus digastricus, passes ven- 

trally to innervate the caudal belly of the digastric 
muscle. It also gives off a branch to the stylohyoid 
muscle. 

The ramus colli, ramus colli, is a large nerve. It 
passes ventrolaterally, gives off the ventral buccal 
branch and emerges through the distal part of the 
parotid salivary gland. It innervates the platysma 
muscle, but not the cutaneous muscle of the neck 
(see below). | 

There are three buccal branches, rami buccales. 
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Fig. 10-9. Left brachial plexus, schematic lateral view. C5— 

T2 ventral branches of last three cervical and first two tho- 

racic spinal nerves, 1 lateral thoracic n., 2 caudal pectoral 

nn., 3 median n., 4 musculocutaneus n., 5 ulnar n., 6 radial 

n., 7 dorsal thoracic n., 8 axillary n., 9 branch of axillary n. 

to teres major m., 10 subscapular n., 11 long thoracic n., 
12 suprascapular n. 

The dorsal buccal branch passes dorsal to the max- 

illary blood vessels. It separates from the auriculo- 
palpebral nerve and crosses the masseter muscle 

just ventral to the zygomatic arch. It is joined by 
branches of the transverse facial nerve and gives off 
small branches to some of the facial muscles before 
it joins the middle buccal branch. 

The middle buccal branch passes ventral to the 

maxillary blood vessels, turns rostrally and emerges 
between the rostral border of the parotid salivary 
gland and the masseter muscle. It crosses the mas- 
seter muscle ventral to the parotid duct and joins 
the dorsal buccal branch at the rostral border of the 

L4 
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masseter muscle. The dorsal and middle buccal 
branches innervate the muscles of the upper lip, 

cheek and nose. 

The ventral buccal branch initially accompanies 
the ramus colli. It passes ventrally, deep to the pa- 

rotid salivary gland and crosses the lateral surface 

of the rostral belly of the digastric muscle. It gives 
off a branch to the cutaneous muscle of the neck 
and is joined by a branch from the mylohyoid 

nerve before it ramifies in the muscles of the lower 
lip and cheek. 

The chorda tympani, chorda tympani, carries pre- 

ganglionic parasympathetic (efferent) fibers to the 
mandibular and sublingual salivary glands, as well 

as afferent fibers from the taste buds on the rostral 
part of the tongue. It leaves the facial nerve in the 
facial canal. The nerve passes through the middle 
ear, crosses the malleus and emerges superficially 
through the petrotympanic fissure. It joins the lin- 
gual branch of the mandibular nerve. The fibers to 
the salivary glands join the ducts of the glands. 

Ganglia are found scattered along their course to 
the glands. 

The major petrosal nerve, n. petrosus major, 

leaves the facial nerve in the facial canal. It carries 
parasympathetic (efferent) fibers to the lacrimal 

and nasal glands. It passes through the petrous tem- 

poral bone where it is joined by the deep petrosal 

(sympathetic) nerve to form the nerve of the pter- 

ygoid canal. The latter passes through the pterygoid 

canal and runs with the maxillary division of the 
trigeminal nerve in the alar canal. The pregangli- 
onic parasympathetic fibers synapse in the ptery- 

gopalatine ganglion. The latter lies on or close to 

the pterygopalatine division of the maxillary nerve. 

From here postganglionic fibers innervate the lac- 

rimal and nasal glands. 

Fig. 10-10. Left lumbosacral plexus, schematic lateral view. L4-S3 ventral branches of lumbar spinal nerves 4 to 7 and 
sacral spinal nerves 1 to 3. a) greater sciatic foramen, b) lesser sciatic foramen. 1 nn. to coccygeal and levator ani mm., 

Z pudendal n., 3 caudal rectal n., 4 dorsal penile/clitoral n., 5 and 6 deep perineal nn., 7 superficial perineal nn., 8 

muscular branches of ischiadic n., 9 peroneal (fibular) n., 10 tibial n., 11 caudal cutaneous femoral n., 12 pelvic n., 13 

ischiadic n., 14 caudal gluteal n., 15 cranial gluteal n., 16 obturator n., 17 saphenous n., 18 femoral n., 19 lateral cutaneous 
fernoral n. 
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Cranial Nerve VIII, Vestibulo-Cochlear 
Nerve, n. vestibulo-cochlearis (Fig. 10-3). The 
vestibulocochlear nerve is composed of special so- 
matic afferent fibers from the inner ear. The fibers 
are arranged in two bundles, the vestibular and co- 
chlear parts. The vestibular part innervates the am- 
pullae of the semicircular ducts of the inner ear and 
is involved with the sense of balance, the cochlear 
part innervates the cochlea of the inner ear and is 

responsible for the sense of hearing. They leave the 
inner ear through the internal acustic meatus. 

Cranial Nerve IX, Glossopharyngeal Nerve, 
n. glossopharyngeus (Fig. 10-3). The glosso- 
pharyngeal nerve contains special visceral efferent 

fibers to the stylopharyngeus muscle, general vis- 

ceral efferent (parasympathetic) fibers to the parot- 

id, buccal and zygomatic salivary glands, special vis- 
ceral afferent fibers from the taste buds on the 
caudal part of the tongue and general visceral af- 
ferent fibers from the tongue, pharynx and carotid 
sinus. It gives rise to the tympanic nerve before it 

leaves the cranial cavity through the jugular fora- 
men and then divides into pharygeal and lingual 

branches. 
The pharyngeal branch, ramus pharyngeus, passes 

rostrally and ramifies in the mucosa of the pharynx. 

The lingual branch, ramus lingualis, passes ven- 

trally along the caudomedial border of the stylo- 
hyoid bone. It gives off branches to the stylopha- 

ryngeus muscle and ramifies in the mucosa of the 

lateral pharyngeal wall, palatine tonsil and in the 

root of the tongue. 
The tympanic nerve, . tympanicus, enters the 

middle ear cavity to form a tympanic plexus, plexus 

tympanicus. The plexus is visible in the mucous 
membrane that covers the promontary of the mid- 

dle ear cavity. Preganglionic parasympathetic fibers 
leave the tympanic plexus to form the minor pe- 

trosal nerve, n. petrosus minor. Fibers of the latter 
nerve synapse in the otic ganglion, ganglion oticum, 

at the origin of the mandibular division of the tri- 
geminal nerve. Post-ganglionic fibers join the au- 
riculotemporal nerve to innervate the parotid sali- 
vary gland and the buccal nerve to innervate the 

buccal and zygomatic salivary glands. 
The cell bodies of the afferent fibers are located 

in the proximal ganglion, ganglion proximale, situ- 

ated at the jugular foramen. They carry sensory fi- 
bers from the taste buds on the root of the tongue 
and pharynx. 

Cranial Nerve X, Vagus Nerve, n. vagus 

(Fig. 10-8). This is the longest of the cranial 
nerves. It traverses the neck, thorax and abdomen 
and its components indicate its distribution and 
function. The components of the vagus nerves are: 
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General visceral efferent (parasympathetic) fibers 
to the heart, smooth muscle and glands of the tho- 
rax and abdominal viscera. Special visceral efferent 

fibers to the muscles of the pharynx (excluding the 
stylopharyngeus muscle), larynx and esophagus. 
General visceral afferent fibers from the pharynx, 
larynx, digestive tract, trachea, bronchi and lungs 
and heart. 

General somatic afferent fibers from the skin of 
the external ear canal (internal auricular nerve). 

The vagus nerve leaves the cranial cavity through 

the jugular foramen and appears on the external 
surface through the tympano-occipital fissure. Its 
proximal ganglion lies in the jugular foramen, the 
distal ganglion lies outside the tympano-occipital 
fissure. As the nerve leaves the tympano-occipital 
fissure it lies caudal to glossopharyngeal and inter- 
nal carotid nerves and the blood vessels that pass 
through the tympano-occipital fissure. 

From the tympano-occipital fissure the nerve 
passes caudoventrally, crossing the lateral surface of 
the longus capitis muscle, to reach a position dorsal 
to the common carotid artery. Close to the tym- 
pano-occipital fissure it gives rise to pharyngeal and 
cranial laryngeal branches before it joins the sym- 
pathetic trunk. The auricular branch, ramus auric- 

ularis, leaves the vagus nerve at the level of the jug- 
ular foramen. It passes through the petrous 

temporal bone to join the facial nerve within the 

facial canal. Its fibers form the internal auricular 
component of the facial nerve. 

The pharyngeal branch, ramus pharyngeus (Fig. 

10-8), leaves the vagus nerve about 4 mm from the 

tympano-occipital fissure. It passes ventrally to 
ramify in the pharyngeal muscles and esophagus. 

The pharyngeal branch has extensive connections 

with the pharyngeal branch of the glossopharyngeal 
nerve, forming a pharyngeal plexus. 

The cranial laryngeal nerve, n. laryngeus cranialis, 
leaves the vagus nerve and passes ventrally, between 

the thyropharyngeus and hyopharyngeus muscles, 

to enter the larynx. It supplies the cricothyroid 
muscle and ramifies in the mucous membrane of 
the larynx. 

In the neck the vagus nerve runs alongside the 
sympathetic trunk, dorsal to the common carotid 
artery (Fig. 10-10). Just cranial to the first rib it 
separates from the sympathetic trunk and enters the 
thorax, passing between the subclavian artery and 
brachiocephalic vein (Fig. 9-1). The right vagus 
nerve gives off the right recurrent laryngeal nerve 
and continues caudally along the dorsomedial sur- 
face of the right cranial vena cava (between the vein 

and the lateral aspect of the trachea). It passes me- 
dial to the right azygos vein and then along the 
dorsal aspect of the trachea. At the bifurcation of 
the trachea it passes between the primary bronchus 
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and the pulmonary vessels and then divides into 
dorsal and ventral branches. The ventral branch 
continues along the ventral aspect of the esophagus, 
while the dorsal branch obliquely crosses the lateral 

aspect of the esophagus to reach its dorsal border. 

Along its course it gives off branches to the heart, 
trachea and lungs. 

The left vagus nerve continues along the dorso- 
medial aspect of the left cranial vena cava. Cranial 
to the aortic arch it gives off the left recurrent la- 
ryngeal nerve and continues caudally over the lat- 

eral aspect of the aortic arch, giving off cardiac and 
pulmonary branches. It passes dorsal to the pul- 

monary artery and then divides into dorsal and 
ventral branches. The ventral branch continues 
along the ventral aspect of the esophagus, often 

joining the right ventral branch to form a ventral 
vagal trunk, truncus vagalis ventralis. The dorsal 

branch obliquely crosses the esophagus and joins 

the right dorsal branch to form the dorsal vagal 
trunk, truncus vagalis dorsalis. Both trunks continue 

along the esophagus to the abdomen where they 

supply the abdominal viscera with general visceral 

efferent (parasympathetic) and visceral afferent 

(sensory) fibers. 

The right recurrent laryngeal nerve turns crani- 

ally around the right subclavian artery, while the 

left recurrent laryngeal nerve turns cranially around 

the aortic arch. Both recurrent laryngeal nerves, n. 

laryngeus recurrens, give off branches to the heart, 
trachea and lungs and then continue cranially along 
the dorsolateral border of the trachea (Fig. 10-10). 
They pass deep to the thyroid gland and enter the 
larynx where they supply all the laryngeal muscles, 

excluding the cricothyroid muscle. 

Cranial Nerve XI, Accessory Nerve, n. ac- 

cessorius (Fig. 10-3). The accessory nerve has a 
spinal origin in addition to several rootlets from the 

brain stem. The spinal rootlets are located between 

the dorsal and ventral roots of the cervical spinal 

nerves. The spinal root enters the cranial cavity 

through the foramen magnum and is joined by the 
rootlets from the brain stem. The accessory nerve 

leaves the cranial cavity through the jugular fora- 

men, caudal to the vagus nerve, and exits at the 

petro-occipital fissure. It turns caudally and passes 

between the stylohyoid and longus colli muscles 
and then divides into dorsal and ventral branches. 
The ventral branch innervates the sternocephalic 

muscle and forms part of the innervation of the 

sternohyoid, omohyoid, and thyrohyoid muscles. 
The dorsal branch passes caudally along the dorsal 

border of the omotransversarius muscle, deep to 
the sternocephalic and trapezius muscles. It inner- 

vates the omotransversarius and trapezius muscles. 

Cranial Nerve XII, Hypoglossal Nerve, n. 
hypoglossus (Fig. 10-3). The hypoglossal nerve 
leaves the cranial cavity through the hypoglossal ca- 
nal. It lies medial to the accessory nerve and lateral 

to the vagus nerve and occipital and carotid arter- 
ies. The nerve curves rostroventrally on the lateral 

surface of the hyopharyngeus and hyoglossus mus- 
cles and deep to the stylohyoid, digastric and my- 

lohyoideus muscles. It innervates all the muscles of 
the tongue. 

SPINAL NERVES, NERVI SPINALES 

The spinal nerves (Figs. 10-6, 10-9, and 10-10) 
have retained their embryological segmental char- 
acteristics, although the spinal cord from which 
they arise and the structures that they supply have 
largely lost this feature. Each spinal nerve is at- 
tached to its corresponding segment of the spinal 
cord by dorsal and ventral roots. The dorsal roots 
carry sensory or afferent impulses the ventral roots 
carry motor or efferent impulses. There are four 
categories of fibers in the spinal nerves. These are 
the somatic and visceral afferent fibers of the dorsal 
roots and the somatic and visceral efferent fibers of 
the ventral roots. The cell bodies of the afferent 
fibers are located in the spinal ganglia, situated 
along the dorsal roots, and those of the efferent 

fibers are situated in the ventral or lateral grey col- 
umns of the spinal cord. 

The spinal nerves leave the vertebral canal 
through the intervertebral or lateral vertebral fo- 
ramina. Each vertebral level has one pair of spinal 
nerves that are numbered according to the vertebra 
in front of it. The exceptions are the cervical spinal 
nerves that are numbered according to the vertebra 
behind them. This is because the first cervical spinal 

nerve leaves the vertebral canal in front of the atlas. 
Therefore there are eight cervical nerves but only 

seven cervical vertebrae. There are twelve or thir- 

teen thoracic, six or seven lumbar, three sacral and 

nine or ten caudal pairs of spinal nerves. As a spinal 

nerve emerges from the intervertebral foramen it 

divides into dorsal and ventral branches. 
The dorsal branches, rami dorsales, give rise to 

motor nerves which innervate the epaxial muscles 
and cutaneous branches which form the dorsal cu- 
taneous nerves of the neck and trunk. 

The cutaneous branches emerge close to the dor- 
sal midline in the cervical and cranial thoracic (in- 

terscapular) regions and pass ventrolaterally to in- 

nervate the skin. In the thoracic region, caudal to 
the scapula, they emerge through the latissimus 
dorsi along the ventral border of the thoracic tra- 
pezius muscle. In the lumbar region they emerge 

between the iliocostalis and longissimus muscles, 
approximately 20 to 30 mm from the dorsal mid- 
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line, to innervate the dorsal third of the abdominal 

wall. Over the sacral and caudal regions they again 
emerge close to the dorsal midline. The dorsal cu- 
taneous branch of 5L passes over the tuber coxae 

onto the gluteal region, forming the first cluneal 
nerve. The cranial cluneal nerves, nn. clunium cran- 

iales, are thus formed by the dorsal branches of 5 

to 7L, the middle cluneal nerves, nn. clunium medi, 

by the dorsal branches of 1 to 3S and the caudal 
cluneal nerves, nn. clunium caudales, by the ventral 

branch of the last sacral spinal nerve. 
In the neck the ventral branches of the spinal 

nerves pass ventrolaterally, in the thorax they pass 
along the caudal border of the ribs as intercostal 
nerves. The ventral branch of the last thoracic spi- 
nal nerve is the costoabdominal nerve, n. costoab- 
dominalis. Those of the first four lumbar spinal 
nerves are the cranial iliohypogastric nerve, n. il- 
iohypogastricus cranialis, the caudal iliohypogastric 
nerve, n. iliohypogastricus caudalis, the ilioinguinal 

nerve, n. ilioinguinalis and the genitofemoral nerve, 

n. genitofemoralis. Animals with only six lumbar 
vertebrae lack a caudal iliohypogastric nerve. The 
five nerves supplying the abdominal wall pass dis- 

tally, about 15 mm apart, between the transverse 

and external oblique abdominal muscles. They in- 

nervate the surrounding muscles and give rise to 
lateral and ventral cutaneous nerves to the skin. 

In the cervical region the lateral cutaneous 
branches appear superficially at approximately the 
middle of the neck. In the thoracic and abdominal 

regions they appear superficially 50 to 60 mm from 

the dorsal midline. They then pass caudoventrally 

to innervate the middle third of the thoracic and 

abdominal walls. The lateral branch of the second 
or third intercostal nerve forms the intercostobra- 

chial nerve, n. intercostobrachialis. It turns around 

the distal, caudal border of the long head of the 

triceps muscle to innervate the skin over the caudal 

scapular region. 
The ventral cutaneous branches appear about 10 

mm from the midline to innervate the ventral third 
of the body wall. In the female animal they inner- 
vate the thoracic and abdominal mammary glands. 

In the male animal they innervate the preputium 
and scrotum. The ventral branches terminate in the 

rectus abdominis muscle. 
In addition to the superficial nerves, the ventral 

branches at the cervical, cervicothoracic, lumbosa- 

cral and sacral regions form the cervical, brachial, 
lumbosacral and sacral plexuses that innervate the 
neck, front and pelvic limbs and pelvis. 

Cervical Plexus, plexus cervicalis. The cer- 

vical plexus is formed by the ventral branches of 
the second, third and fourth cervical spinal nerves. 
Some of the nerves that originate from the cervical 
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plexus also receive branches from other cervical spi- 
nal nerves. 

The second cervical spinal nerve is exceptionally 
large. It is connected to the third cervical spinal 
nerve and appears at the ventral borders of the cer- 
vical trapezius and cleido-occipital muscles. Appart 
from supplying the surrounding muscles and skin, 
it also gives rise to an auricular and a cervical nerve. 
The great auricular nerve n. auricularis magnus, 

passes dorsally and supplies sensory innervation to 
the caudal aspect of the ear. 

The transverse nerve of the neck, n. transversus 

colli, passes cranioventrally and supplies sensory in- 

nervation to the cranioventral neck and the caudal 
intermandibular regions. 

The third cervical spinal nerve gives rise to the 
supraclavicular nerve, n. supraclavicularis, which 

spreads out over the caudal neck and scapular re- 

gions to supply sensory innervation to the skin of 

the caudoventral neck and the cranial aspect of the 

shoulder regions. 

The phrenic nerve, n. phrenicus (Fig. 9-1), to the 

diaphragm is formed by ventral branches from the 
fourth, fifth and sometimes sixth cervical spinal 
nerves. The main contribution to the nerve comes 
from the fourth cervical spinal nerve. At its origin 
it is closely related and attached to the first root of 
the brachial plexus. 

The right phrenic nerve leaves the medial aspect 

of the brachial plexus cranial to the first rib. It pass- 
es ventral to the axillary artery (between the artery 
and the vein) and then enters the thorax medial to 

the first rib. In the thorax it passes along the ventral 

border of the right cranial vena cava, crosses the 
base of the heart between the right atrium and caval 
veins and continues to the diaphragm in the plica 

vena cava along the ventral border of the caudal 
vena cava. It supplies motor innervation to the 

right side of the diaphragm. 
The left phrenic nerve passes medial to the bra- 

chial plexus and then enters the thorax medial to 
the first rib. It passes caudally along the ventral bor- 
der of the left cranial vena cava, crosses the base of 

the heart and continues in the caudal mediastinum 
to reach and innervate the left side of the dia- 

phragm. 

Brachial Plexus, plexus brachialis (Fig. 10- 
9). The ventral branches of the last three cervical 

and first two thoracic spinal nerves form the bra- 
chial plexus. The five roots appear along the ventral 

border of the scalenus muscle, cranial to the first 

rib. The brachial plexus also receives fibres from the 

sympathetic trunk. At its origin the plexus is related 

to the linguofacial vein cranially, to the axillary and 
maxillary veins caudally and to the axillary artery 
ventrally. The nerve bundles pass ventrolaterally to 
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reach the medial aspect of the thoracic limb at the 

level of the shoulder joint. The brachial plexus gives 
rise to the nerves of the thoracic limb. 

The subclavian nerve, n. subclavius, arises from 
the cranial division of the brachial plexus. It sup- 
plies motor innervation to the subclavian muscle. 

The suprascapular nerve, n. suprascapularis, is the 

most cranial of the nerves from the brachial plexus. 
It arises from the cranial division of the plexus and 

passes between the subscapular and supraspinatus 
muscles to reach the lateral aspect of the scapula. 
The nerve supplies motor innervation to the infra- 

and supraspinatus muscles. It is accompanied by 
the suprascapular blood vessels. 

The long thoracic nerve, n. thoracicus longus, 
arises from the sixth and seventh cervical spinal 
roots of the brachial plexus. It passes caudally along 
the lateral surface of the thoracic part of the ser- 
ratus ventralis muscle. The nerve supplies motor 

innervation to the thoracic serratus ventralis. 
The supscapular nerve, n. subscapularis, arises 

from the middle division of the brachial plexus. It 
consists of two or three branches that supply motor 
innervation to the subscapular muscle. 

The axillary nerve, n. axillaris, arises from the 
middle division of the brachial plexus. It gives off 
a branch to the teres major muscle and then crosses 
the caudal aspect of the shoulder joint. The nerve 

passes from medial to lateral between the subscap- 
ular and teres major muscles to reach the lateral 
aspect of the shoulder. It supplies motor innerva- 
tion to the teres minor and deltoid muscles and 
emerges superficially as the lateral cranial brachial 
cutaneous nerve, n. cutaneus brachii lateralis crani- 
alts. 

The lateral cranial brachial cutaneous nerve ap- 

pears superficially in the groove between the lateral 
head of the triceps and the acromiodeltoid muscles, 
just distal to the shoulder joint. It accompanies the 
cephalic vein and supplies sensory innervation to 

the craniolateral aspect of the arm and forearm. 
The cranial pectoral nerve, n. pectoralis cranialis, 

arises from the cranial division of the brachial plex- 
us. It leaves the plexus in common with the mus- 
culocutaneous nerve, but separates from the latter 
to supply motor innervation to the superficial pec- 
toral muscle. 

The thoracodorsal nerve, n. thoracodorsalis, arises 
from the middle division of the brachial plexus and 

is associated with the radial nerve for a short dis- 
tance. It passes caudally along the deep face of the 

latissimus dorsi muscle and is accompanied by the 
thoracodorsal blood vessels. The thoracodorsal 
nerve supplies motor innervation to the latissimus 

dorsi muscle. 
The radial nerve, n. radialis, is the largest nerve 

of the thoracic limb. It arises from both the middle 
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and caudal divisions of the brachial plexus. In the 
proximal part of the upper arm it lies caudal to the 
brachial vessels and ulnar nerve. It supplies motor 

innervation to the extensors of the elbow, carpus 
and digits, as well as sensory innervation to the cra- 

nial and dorsal aspect of the thoracic limb. From 

its origin the nerve passes distally along the medial 
aspect of the shoulder, giving off branches to the 
tensor fascia antebrachii and the long and medial 
heads of the triceps muscles. Just distal to the 

shoulder joint it turns laterally to pass between the 

long and medial heads of the triceps muscle. It joins 

the collateral radial blood vessels and gives off 
branches to the rest of the triceps muscle. The nerve 
follows the collateral radial blood vessels as they 
pass distolaterally, from medial to lateral, between 
the brachialis and triceps muscles. Distally it divides 
into superficial and deep branches. 

The superficial branch, ramus superficialis, di- 
vides into two or three branches that appear su- 
perficially from under the distal border of the lat- 
eral head of the triceps muscle. One branch ramifies 
in the skin of the craniolateral forearm (n. cutaneus 

antibrachii lateralis), the other accompanies the ce- 

phalic vein to the digits. It supplies the sensory in- 
nervation to the dorsal aspect of the metacarpus 
and digits I to IV. 

The deep branch, ramus profundus, continues 
distally, passing between the distal end of the bra- 
chial muscle and the origin of the extensor carpi 
radialis muscle. It divides to supply the motor in- 
nervation to all extensor muscles of the carpus and 
digits, as well as to the supinator muscles of the 

forearm. 
The musculocutaneous nerve, 1. musculocuta- 

neus, arises from the cranial division of the brachial 
plexus and is intially associated with the median 
nerve. It supplies motor innervation to the biceps, 
brachialis and coracobrachialis muscles and sensory 

innervation to the medial aspect of the forearm. At 
its origin the nerve passes lateral to the other nerves 

of the brachial plexus as well as the axillary blood 
vessels. A large connecting branch to the median 
nerve forms a loop, the ansa axillaris, around the 
brachial artery. Distal to the loop it gives off the 
proximal muscular branch, ramus muscularis prox- 

imalis, to the biceps and coracobrachialis muscles. 
It continues distally along the caudal, deep surface 
of the biceps muscle. Just above the elbow it gives 
rise to three branches. The first is a connecting 
branch to the median nerve, the second is the distal 

muscular branch, ramus muscularis distalis, to the 
brachialis muscle. The third branch is the medial 
antebrachial cutaneous nerve, n. cutaneus antebra- 
chii medialis. The latter passes between the tendons 
of insertion of the brachialis and biceps muscles. At 
the elbow it becomes superficial between the cla- 
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vicular head of the deltoid and extensor carpi ra- 
dialis muscles. The nerve passes distally in the 
groove between the teres major and extensor carpi 

radialis muscles and supplies sensory innervation to 
the skin over the medial aspect of the forearm. A 

small artery accompanies the nerve. 

The median nerve, n. medianus, comes from the 

cranial division of the brachial plexus. It receives 
the ansa subclavia from the musculocutaneous 
nerve and continues distally in the brachium along 

the cranial border of the brachial artery. It receives 
the distal connecting branch from the musculocu- 
taneous nerve and passes through the supracon- 
dylar foramen when the latter is present, or cranial 
to the medial epicondyle of the humerus. Distal to 
the elbow it passes between the radius and the pro- 
nator teres muscle and continues in the antebra- 
chium between the flexor carpi radialis and ulnar 

head of the deep digital flexor muscles. In the mid- 

dle of the antebrachium it is joined by the median 
artery and divides into a medial and a lateral 
branch. The branches continue distally, on either 

side of the median artery, to the manus. Both 

branches pass medial to the accessory carpal bone, 
between the superficial and deep digital flexor ten- 
dons. They then divide to form the superficial sen- 
sory innervation of the palmar aspect of the meta- 
carpus and the digits. The medial branch innervates 

the first and second digits, the lateral branch in- 

nervates the outer three digits (note that the outer 
two digits are also innervated by the ulnar nerve). 

The ulnar nerve, n. ulnaris, comes from the cau- 
dal division of the brachial plexus. Initially it is as- 

sociated with the median nerve, but separates from 

the latter in the middle of the arm. It crosses the 
medial aspect of the brachial vessels and passes dis- 

tally along the caudal border of the blood vessels 

(in the groove between the medial head of the tri- 

ceps muscle and the humerus). The cutaneous 
branch of the ulnar nerve, 1. cutaneous antebrachii 

caudalis, comes off before the ulnar nerve separates 
from the median nerve. The cutaneous nerve 
emerges superficially in the cubital fossa to supply 

sensory innervation to the caudomedial aspect of 
the forearm. 

The ulnar nerve passes caudal to the medial con- 
dyle of the humerus, then distally in the forearm 

between the superficial and deep digital flexor mus- 
cles. It gives off motor branches to the flexor carpi 
ulnaris and humeral head of the deep digital flexor, 
and is joined by the ulnar blood vessels. In the mid- 

dle of the forearm it divides into dorsal and palmar 
branches. The dorsal branch, ramus dorsalis, ap- 

pears superficially just proximal to the accessory 
carpal bone. It passes over the lateral aspect of the 
accessory carpal bone, then distally along the dor- 
solateral aspect of the paw. It forms the sensory 
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innervation to the dorsal abaxial surfaces of the 
fifth digit. The palmar branch, ramus palmaris, di- 
vides into superficial and deep branches. Both 
branches pass through the carpal canal, medial to 
the accessory carpal bone and deep to the superfi- 
cial digital flexor tendon. The superficial branch 
forms the sensory innervation to the palmar aspect 
of metacarpus and outer two digits. The deep 
branch supplies motor innervation to the palmar 

muscles of the manus (a small contribution to the 

sensory supply of the metacarpus and digits is made 
by the continuation of the deep branches). 

The lateral thoracic nerve, n. thoracicus lateralis, 
arises from the caudal division of the brachial plex- 
us. It leaves the medial aspect of the plexus and 
passes caudally along the deep face of the deep pec- 
toral muscle. The nerve is accompanied by the lat- 
eral thoracic blood vessels. It supplies motor inner- 
vation to the cutaneous trunci muscle, including 
the cranial preputial muscle. 

The caudal pectoral nerves, nn. pectorales cau- 

dales, arise from the caudal division of the brachial 
plexus. They accompany the lateral thoracic nerve 
and blood vessels along the dorsal border of the 
deep pectoral muscle. The nerves leave the lateral 
thoracic nerve to supply motor innervation to the 
deep pectoral muscle. 

Lumbosacral Plexus, plexus lumbosacralis 

(Fig. 10-10). The lumbosacral plexus is derived 
from the ventral branches of the last four lumbar 
and the three sacral spinal nerves. It is divided into 
a lumbar and sacral divisions and gives rise to the 
nerves that supply the pelvis and pelvic limb. Some 
nerves originate from one division only, while oth- 

ers receive fibers from both. 

The lumbar plexus lies deep to the iliopsoas mus- 

cles, the ventral tail muscles cover the sacral plexus. 

The lumbosacral plexus forms two main nerve 

trunks. 
The first trunk comes from the lumbar segment 

with a contribution from 1S. It gives rise to the 
femoral and obturator nerves before it leaves the 
pelvic cavity through the cranial part of the greater 
ischiatic notch. The extra pelvic part of the trunk 

gives rise to the gluteal and sciatic nerves. 
The second trunk comes from the sacral segment 

of the lumbosacral plexus. It leaves the pelvic cavity 
through the lesser ischiatic foramen and gives rise 
to the pudendal and caudal cutaneous femoral 
nerves, as well as to muscular branches to the coc- 

cygeus, levator ani and femorococcygeus muscles. 

Pelvic Nerves, nn. Pelvini. These nerves 
form the parasympathetic innervation of the pelvic 
viscera and the descending colon. They arise from 
the last sacral segment of the sacral plexus. The 
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nerves pass ventrally, forming an extensive plexus 
under the peritoneal lining of the pelvis. Fibers 

from the plexus pass directly to the viscera, or reach 

the organs via blood vessels or other nerves of the 
pelvis. 

The pudendal nerve, n. pudendus, arises from the 

first two sacral segments of the sacral plexus. It 
leaves the dorsal aspect of the second trunk of the 
lumbosacral plexus and passes lateral to the coc- 

cygeus muscle. The pudendal nerve gives rise to one 

or two superficial perineal nerves and then turns 
medially around the caudal border of the coccygeus 
muscle. It gives rise to the deep perineal and caudal 

rectal nerves and continues along the dorsal surface 

of the penis or clitoris as the dorsal penile nerve, 
n. dorsalis penis, of the male or dorsal clitoridal 

nerve, 1. dorsalis clitoridis, of the female. The dorsal 
penile and dorsal clitoridal nerves form the sensory 
innervation of the penis/clitoris and adnexa. They 

also carry the parasympathetic innervation to these 

organs. 
One or two superficial perineal nerves, n. peri- 

nealis superficialis, leave the ventral aspect of the 
pudendal nerve in the ischiorectal fossa, lateral to 

the coccygeus muscle. They pass caudally and ap- 

pear superficially at the caudal border of the fe- 

morococcygeus muscle (in the angle between the 

tail and the latter muscle). They pass through the 

adipose tissue of the ischiorectal fossa to form the 
sensory innervation of the perineal region. 

The deep perineal nerve, n. perinealis profundus, 

originates from the pudendal nerve. They innervate 

all the muscles of the perineum, excluding the anal 
sphincter, coccygeus and levator ani muscles. 

_ The caudal rectal nerve, n. rectalis caudalis, leaves 

the pudendal nerve distal to the superficial perineal 

nerves. It passes caudoventrally and enters the cran- 

ioventral aspect of the external anal sphincter mus- 
cle. It is accompanied by the caudal rectal blood 

vessels and forms the motor innervation to the ex- 
ternal anal sphincter muscle. 

Two muscular branches, r. musculi coccygei and 

r. musculi levatoris ani, leave the dorsal aspect of 

the caudal trunk of the lumbosacral plexus proxi- 

mal to the origin of the pudendal nerve. They pass 

caudally and supply motor innervation to the coc- 
cygeus and levator ani muscles. 

Nerves of the Pelvic Limb. The cranial glu- 
teal nerve, n. gluteus cranialis, originates from the 
last lumbar and first sacral segments of the lum- 

bosacral plexus. It branches from the plexus ventral 

to the second sacral vertebra and leaves the pelvis 

through the cranial border of the greater ischiadic 

foramen. The nerve passes between the deep and 

middle gluteal muscles where it gives off branches 
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to supply motor innervation to the middle gluteal, 
deep gluteal and tensor fascia lata muscles. 

The caudal gluteal nerve, n. gluteus caudalis, orig- 

inates from the last lumbar and first sacral segments 

of the lumbosacral plexus. It leaves the cranial 

trunk of the plexus distal to the origin of the cranial 

gluteal nerve and passes around the caudal border 
of the middle gluteal muscle. The caudal gluteal 
nerve supplies motor innervation to the superficial 
gluteal and piriform muscles. 

A lateral cutaneous femoral nerve, n. cutaneus 
femoris lateralis, arises from the ventral branch of 
4L and appears ventrally between the psoas minor 

and major muscles. It passes caudolaterally, covered 
by peritoneum, to join the deep circumflex iliac 

blood vessels. The nerve penetrates the abdominal 

wall and appears superficially just ventral to the tu- 

ber coxae. It accompanies the deep circumflex iliac 

artery along the craniolateral border of the quad- 

riceps muscle to innervate the skin of the lateral 

thigh. 

The caudal cutaneous femoral nerve, n. cutaneus 

femoris caudalis, leaves the caudal trunk of the lum- 

bosacral plexus. It passes medially to the superficial 

gluteal muscle and emerges superficially between 

the femorococcygeus and biceps femoris muscles, 
just ventral to the tuber ischii. From there it passes 

distally on the thigh, forming the sensory innerva- 

tion of the caudal aspect of the thigh. 
The femoral nerve, n. femoralis, is derived from 

the ventral roots of 4L and 5L, with a small con- 
tribution from 6L. It passes caudoventrally within 

the substance of the iliopsoas muscle, giving off 
motor branches to the muscle along the way. The 
nerve appears on the ventral surface of the iliopsoas 

muscle and joins the femoral vessels just before 

they pass through the vascular lacuna. It gives rise 

to the saphenous nerve and then enters the proxi- 

mal part of the quadriceps muscle between the vas- 

tus medialis and rectus femoris muscles. The fem- 
oral nerve supplies motor innervation to the 

iliopsoas and quadriceps muscles. 
The saphenous nerve, n. saphenus, is mainly (but 

not exclusively) sensory in function. It can there- 

fore be regarded as the sensory component of the 

femoral nerve. Close to its separation from the fem- 

oral nerve it gives off a motor branch to the pec- 
tineus muscle. The saphenous nerve passes through 

the vascular lacuna and joins the saphenous blood 
vessels on the medial aspect of the thigh. Proxi- 
mally it gives off one or two branches that innervate 

the skin on the medial aspect of the thigh. The 
remaining nerve divides into cranial and caudal 

branches. The caudal branch supplies the caudo- 

medial aspect of the crus. The cranial branch con- 

tinues distally to supply the craniomedial aspect of 



166 

the crus and metatarsus, as well as the dorsal aspect 

of digits I and II. 
The ischiadic nerve, (sciatic nerve) n. ischiadicus 

(Fig. 4-14), is the continuation of the cranial trunk 

of the lumbosacral plexus beyond the origins of the 

cranial and caudal gluteal nerves. It also receives a 
small contribution from the caudal trunk of the 
lumbosacral plexus. The nerve passes caudally, first 
along the deep face of the middle gluteal muscle 
medial to the greater trochanter, then on the dorsal 
surface of the gemelli and tendon of the internal 

obturator muscles. It gives off branches to the ro- 
tators of the hip (excluding the external obturator 
muscle) and the caudal thigh muscles and then 
turns ventrally. As it passes distally in the thigh it 
lies in succession on the lateral surface of the qua- 
dratus femoris, adductor and semimembranosus 

muscles. It is covered laterally first by the superficial 

gluteal muscle and then by the biceps femoris mus- 

cle. Furthermore, it lies in close association with the 

abductor cruris caudalis muscle. In the distal third 
of the thigh the nerve divides into the tibial and 
peroneal nerves. 

The common peroneal nerve, n. peroneus com- 

munis, separates from the tibial nerve approximate- 

ly 20 mm above the knee. It supplies all the flexor 

muscles of the ankle and the extensor muscles of 
the toes, as well as the sensory supply to the dorsal 
aspect of the pes. Proximally to the knee it gives off 

the lateral cutaneous sural nerve, n. cutaneus surae 
lateralis, which penetrates the distal part of the bi- 
ceps femoris muscle and appears superficially on 

the lateral aspect of the distal thigh. It consists of 
one or more branches that innervate the lateral as- 

pect of the crus and tarsus. 
The common peroneal nerve passes laterally to 

the lateral head of the gastrocnemius muscle and 
the head of the fibula. It enters the groove between 
the gastrocnemius and long peroneal muscles where 
it divides into the superficial and deep peroneal 

nerves. 
The superficial peroneal nerve, n. peroneus su- 

perficialis, gives off motor branches to the extensor 

muscles of digits I and II and the peroneus brevis 
muscle. It continues distally in the groove between 
the long peroneal muscle and extensor muscle of 
the fourth digit. The nerve appears superficially on 
the flexor surface of the ankle and ramifies in the 

skin over the dorsal aspect of the tarsus. 
The deep peroneal nerve, n. peroneus profundus, 

supplies the flexors of the ankle and the extensors 
of the toes, excluding the ones supplied by the su- 

perficial peroneal nerve. Two branches, one lateral 
and the other medial, continues distally in the crus. 
In some animals the lateral branch comes off the 

superficial peroneal nerve. The lateral branch passes 

distally along the cranial border of the peroneus 
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longus muscle. It emerges superficially on the dor- 
solateral aspect of the ankle. The branch continues 
distally, passing caudal to the lateral malleolus and 

then divides to form the dorsal sensory supply to 
digit V and the dorsal axial surface of digit IV. It 
also innervates the short extensors of the toes. The 
medial branch passes distally along the medial bor- 
der of the peroneus brevis muscle. It lies on the 
tibia and is accompanied by the cranial tibial blood 
vessels. The branch emerges distally between the 

tendons of the tibialis cranialis and long digital ex- 
tensor muscles. At the ankle it divides to supply the 
dorsal aspect of digit III and the dorsal abaxial sur- 
face of digit IV (note that the dorsal aspects of dig- 
its I and II are supplied by the cranial branch of 
the saphenous nerve). 

The tibial nerve, n. tibialis, separates from the 
peroneal nerve in the popliteal fossa. It supplies all 
the extensor muscles of the ankle and the flexor 
muscles of the toes, as well as the sensory inner- 
vation to the caudomedial crus and plantar surface 

of the pes. Just above the gastrocnemius muscle it 

gives rise to the caudal cutaneous sural nerve, n. 

cutaneus surae caudalis, and then enters the gas- 
trocnemius muscle between its medial head and the 
superficial digital flexor muscle. The caudal cuta- 
neus sural nerve, passes distally in the groove be- 

tween the superficial digital flexor and lateral head 
of the gastrocnemius muscles. Just above the ankle 

it divides into a lateral and a medial branch. The 
medial branch passes between the common calca- 

nean tendon and the deep digital flexor muscle and 
then joins the deep branch of the tibial nerve. The 
lateral branch continues distally and supplies the 

plantar surface of digit V and the abaxial plantar 

surface of digit IV. 

As the tibial nerve enters the muscles, it divides 

into muscular branches that innervate the extensor 
muscles of the ankle and the flexor muscles of the 
toes. One branch continues distally between the 
medial head of the gastrocnemius and superficial 

digital flexor muscles. It gradually separates into the 

lateral and medial plantar nerves. Both nerves 

emerge superficially along the distal border of the 
gastrocnemius muscle on the medial surface of the 

crus. The medial plantar nerve continues distally 
over the medial aspect of the ankle and on the plan- 
tar aspect of the pes, superficial to the superficial 
digital flexor tendons. It divides to supply the plan- 
tar aspect of digits I to III, as well as the plantar 

axial surface of digit IV. 
Proximal to the ankle the lateral plantar nerve 

joins the medial branch of the caudal cutaneous 

sural nerve. The combined nerve continues distally 
over the ankle, medial to the calcaneus. Just distal 

to the ankle it turns laterally over the plantar sur- 
face of the pes and passes between the superficial 
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and deep digital flexor tendons. It innervates the 
short flexor muscles of the pes. 

AUTONOMIC NERVOUS SYSTEM 

The autonomic nervous (general visceral effer- 
ent) system can be defined as that portion of the 
nervous system concerned with the motor inner- 
vation of smooth muscle, cardiac muscle, glands 

and organs. It is subdivided into sympathetic and 

parasympathetic divisions. The cell body of the first 
or preganglionic neuron of both systems is located 
in the central nervous system. The cell body of the 
sympathetic second neuron lies in ganglia close to 
the vertebral column, while the cell body of the 

parasympathetic second neuron lies close to or 
within the target organ. The myelinated axons of 

the first neurons are part of the peripheral nervous 
system and synapse with the second neurons. The 
non-myelinated post ganglionic axons from the 

second neurons end among or on cardiac muscle, 

smooth muscle, glandular cells or the cells of or- 
gans e.g., liver. 

The ganglia associated with the autonomic ner- 
vous system are named after the specific location 

in which they are found. Many smaller, unnamed 

ganglia are found along the pathways of the auto- 
nomic nerves. Autonomic ganglia are classified as 
vertebral, collateral and terminal, depending on 

their topographical position. Vertebral ganglia are 

more or less segmentally distributed along the 

paired sympathetic chains which in turn lie along 

the ventral sides of the heads of the ribs. Collateral 
ganglia are found more peripherally and, in the ab- 
dominal cavity, are related to some of the larger 
arteries such as the celiac. Terminal ganglia are usu- 

— ally small and located in various organs. 
The preganglionic neurons of the parasympa- 

thetic division are located in specific areas or nuclei 
of the brain stem or the lateral grey column in the 
sacral division of the spinal cord. It is therefore also 
referred to as the craniosacral division of the au- 
tonomic nervous system. The preganglionic neu- 
rons of the sympathetic division are located in the 
lateral grey columns of the thoracolumbar segment 
of the spinal cord. It is referred to as the thoraco- 
lumbar division of the autonomic nervous system. 

Parasympathetic Division. Parasympathetic 
preganglionic axons leave the brain stem as part of 

cranial nerves III, VII, IX, and X. The axons in 

nerves III, VII, and IX are distributed to the head 
region, whereas those of cranial nerve X are dis- 
tributed to the cervical, thoracic and abdominal vis- 
cera. Preganglionic fibers from the sacral division 
leave the spinal cord with the ventral roots of the 

sacral spinal nerves as the pelvic nerve. Its fibres 
become part of the pelvic plexus. 

167 

For the detail of the distribution of the parasym- 
pathetic fibers, see cranial nerves III, VII, IX and 

X, as well as the pelvic nerves of the lumbosacral 

plexus under the peripheral nervous system. 

Sympathetic Division. The preganglionic fi- 
bers leave the thoracolumbar division of the spinal 
cord via the ventral roots of the spinal nerves and 
for a short distance are part of the corresponding 
spinal nerves. These fibers then leave the spinal 
nerves as one Or more communicating rami that 

join the sympathetic trunk (Figs. 9-1 and 9-2). The 
trunk is a paired strand of pre- and postganglionic 
sympathetic and visceral afferent nerve fibers locat- 
ed ventrolateral to the bodies of the vertebrae in 
the thoracic and lumbar regions. Continuations of 
the trunks into the sacral region lie ventral to the 
sacral vertebral bodies. The trunks also continue 
cranially into the cervical region. They accompany 

the vagus nerves in the carotid sheaths. Each trunk 

ends in a cranial cervical ganglion. With the excep- 
tion of certain ganglia, sympathetic chain ganglia 
are located at segmental intervals along the sym- 
pathetic trunk (Figs. 9-1 and 9-2). Preganglionic 
fibers may proceed cranially or caudally in the 
trunk before synapsing in a ganglion. Thus, pre- 
ganglionic fibers from a given segmental level of the 
spinal cord are distributed to vertebral ganglia at 

many different levels. Postganglionic fibers may 
also pass cranially or caudally in the trunk before 
leaving it. The part of the sympathetic trunk that 

joins adjacent ganglia is the interganglionic seg- 
ment. Furthermore, adjacent ganglia may fuse eg. 
the celiac and cranial mesenteric ganglia fuse to 

form a single celiacomesenteric ganglion. 

Preganglionic fibers may also leave the sympa- 

thetic trunk (as for example the splanchnic nerves) 
and synapse in collateral ganglia such as the celiac 
and mesenteric ganglia. 

Postganglionic fibers go to the smooth muscle of 
blood vessels, erector pili muscles, sweat glands and 

many other organ tissues e.g., liver. The fibers may 

be distributed in a number of different ways: 
They may return via communicating rami to the 

spinal nerve at the same level. These are distributed 
to smooth muscle (vasomotor and pilomotor fi- 
bers) and sweat glands by way of the spinal nerves. 

They may pass either cranially or caudally in the 

sympathetic trunk and join adjacent spinal nerves 

via their respective communicating rami. 

They may leave the vertebral ganglia, such as the 
cervicothoracic ganglion, and go directly to an or- 
gan such as the heart (cardiac nerves), bronchi and 

lungs. 
They may leave vertebral or collateral ganglia for 

distribution as plexuses along blood vessels of the 
head and abdominal viscera. 
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Sympathetic Distribution to the Head and 
Neck. In general, sympathetic fibers to the head 
supply nasal and salivary glands and smooth muscle 
such as the vascular walls, dilator of the pupil and 
erector pili muscles. 

Preganglionic fibers from the cranial thoracic 
spinal segments pass to the head as the cervical 
sympathetic trunk. Just caudal to the larynx the cer- 
vical sympathetic trunk separates from the vagus 
nerve. The fibers synapse in the cranial cervical 
ganglion, ganglion cervicale craniale. The latter is 
about 8 mm long and lies dorsal to the thyroid 
gland and larynx, between the common carotid ar- 

tery and vagus nerve. Postganglionic fibers continue 
as plexuses along the arteries to the head. The in- 

ternal carotid nerve, . caroticus internus, leaves the 
cranial pole of the ganglion as a distinct bundle of 
postganglionic fibers. It accompanies the internal 

carotid artery to the cranial cavity where it forms 
plexuses around the arteries and venous sinuses. 
The deep petrosal nerve, n. petrosus profundus, 
leaves the cavernous plexus and passes through the 
petrous temporal bone. The latter nerve joins the 

major petrosal nerve to form the nerve of the pter- 
ygoid canal. 

The vertebral nerve, n. vertebralis, originates 

from the cervicothoracic ganglion (see below). 
Postganglionic fibers leave the ganglion and accom- 
panies the vertebral artery through the transverse 
foramina of the cervical vertebrae At each interver- 
tebral foramen it gives off communicating rami to 
the cervical spinal nerves and fibers which form 

plexuses around the blood vessels. The fibers are 
distributed to the smooth muscle of the blood ves- 
sels and erector pili muscles. 

Sympathetic Distribution to the Thorax. 
Postganglionic fibers from the thoracic vertebral 
ganglia are distributed via the spinal nerves and in- 

tercostal blood vessels to the thoracic wall and sur- 
rounding structures. 

Fusion of vertebral ganglia in the cranial thoracic 
and caudal cervical regions has resulted in the for- 

mation of the middle cervical and cervicothoracic 
ganglia. The cervicothoracic ganglion, ganglion cer- 
vicothoracicum, is the largest autonomic ganglion, 
measuring 10 mm in length and 2 mm in width. It 
lies in the first intercostal space on the lateral sur- 
face of the longus colli muscle. Postganglionic fibers 
from the cervicothoracic ganglion go to the caudal 
cervical and cranial thoracic spinal nerves (brachial 
plexus), to the subclavian artery and its branches, 
to the thoracic viscera and they give rise to the ver- 
tebral nerves to the neck. 

The sympathetic trunk divides cranioventrally to 
the cervicothoracic ganglion, forming a subclavian 
loop, ansa subclavia, around the subclavian artery. 
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The small middle cervical ganglion, ganglion cervi- 
cale medium, lies medial to the subclavian artery at 
the junction of the vagosympathetic trunk and the 
ansa subclavia. In some animals it is incorporated 
in, or attached to, the cervicothoracic ganglion. 
Postganglionic fibers from the ansa subclavia and 
middle cervical ganglion go to the viscera of the 
thorax. 

Since sympathetic and parasympathetic fibers ap- 
pear to intermix and form plexuses in the region 
of the heart and lungs, it is difficult to designate 
any given grossly dissectable nerve as being one or 
the other. 

Sympathetic Distribution to the Abdomen 
and Pelvis. Branches from the thoracic and ab- 
dominal sympathetic trunk supply fibers to the ab- 
dominal and pelvic regions. Postganglionic fibers 
from the lumbar vertebral ganglia are distributed to 
the abdominal wall via lumbar spinal nerves or 

lumbar spinal arteries. In addition to these, pregan- 
glionic fibers leave the ventral aspect of the seventh, 
eight and ninth thoracic vertebral ganglia. They 
join to form the major splanchnic nerve, n. 
splanchnicus major. The latter is larger than the cau- 
dal continuation of the sympathetic trunk and pass- 
es caudoventrally, crossing the lateral surface of the 
psoas muscle. Both left and right major splanchnic 
nerves pass through the lumbocostal arch to enter 
the abdomen. Other branches designated as lesser 
splanchnic nerves, nn. splanchnicus minor, may 

leave the sympathetic trunk just caudal to the great- 
er splanchnic nerve. The major splanchnic nerves 
supply preganglionic fibers to the celiacomesenteric 

ganglion. The latter is situated around the roots of 
the celiac and cranial mesenteric arteries. Postgan- 

glionic fibers from the ganglion form a dense plex- 
us around the vessels and are distributed with the 
arteries to the abdominal viscera. The minor 
splanchnic nerves mostly supply postganglionic fi- 
bres to the adrenal glands. 

Immediately caudal to the origin of the splanch- 
nic nerves the lumbar sympathetic trunk is small, 

but as it proceeds caudally it becomes larger. 
Lumbar splanchnic nerves, nn. splanchnici lum- 

bales, arise from the lumbar sympathetic trunk and 
go to ganglia associated with aortic, adrenal, go- 

nadal and renal plexuses. One of the lumbar 
splanchnic nerves passes caudoventrally to end in 

the caudal mesenteric ganglion. The latter lies at the 
root of the caudal mesenteric artery. Postganglionic 

fibers from the ganglion form a dense plexus 
around the artery and are distributed to the viscera 

via the blood vessels. 
The right and left hypogastric nerves, nn. hypo- 

gastrici, represent largely postganglionic connec- 
tions between the caudal mesenteric ganglion and 
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the pelvic plexuses. They are usually grossly dis- In the sacral region the two sympathetic trunks 
sectable nerves. From the pelvic plexuses the fibers _ lie close to each other. Postganglionic fibers are dis- 

are distributed to the pelvic viscera and genital or- tributed to the pelvic wall and tail via the sacral 

gans. spinal nerves or blood vessels. 



Chapter 11. 

Eye. The eye, oculus, develops as a neuroec- 

todermal outgrowth of the embryonic prosenceph- 

alon. The definitive eye and adnexa are contained 

within the orbit. The eye bulb is associated with the 
extraocular muscles that move it, eyelids and con- 

junctiva that protect it, and a lacrimal gland that 

moistens it. It is surrounded by periorbital fascia 

and fat that cushions it. 
At birth the eye of the woodchuck appears mere- 

ly as a darkened area on the face. When the animals 

are two weeks old the eye slits are visible, but 

closed. The eyes open when the pups are about four 
weeks old (Hamilton 1934; Baldwin 1985). 

The orbit, orbita, is the conical cavity that con- 

tains the eyeball and its adnexa. It is bounded by 

bone along its dorsal, medial and ventral bound- 
aries, while the lateral side is open. The orbital lig- 

ament and the temporal muscle close the opening 

laterally. The orbital margin outlines the base of the 

cone, the optic canal the apex of the cone. The axis 

(a line from the center of the base to the apex) of 

the orbit is directed rostrolaterally and dorsally. The 
circumference of the orbital margin is approxi- 

mately 55 mm. It is bony for 45 mm of its circum- 

ference and is laterally completed by the orbital lig- 

ament. The orbital ligament, ligamentum orbitale, is 

a thick fibrous band that extends between the zy- 

gomatic process of the frontal bone and the frontal 
process of the zygomatic bone. 

The eyeball occupies the base of the orbit and 

projects some distance rostral to the orbital margin. 

Apart from the eye and its adnexa the orbit also 

contains the zygomatic salivary gland g. zygomati- 

cus. 
The periorbita, periorbita, is a conical fascial 

sheath that extends from the optic canal to the or- 

bital margin. It surrounds the eyeball and associ- 

ated structures. The periorbita is attached to the 

bony orbit at the optic canal, the lacrimal fossa and 

at the orbital margin. The orbital fat body lies intra- 

and extra-orbitally. It cushions the contents of the 

orbit and permits the movement of the eyeball. 

The upper eyelids, palpebra superior, and lower 

eyelid, palpebra inferior, are mobile folds of skin 

that can be drawn over the anterior part of the 

eyeball. The lids join at their medial and lateral as- 

pects to form the lateral and medial canthus of the 

eye, commissura palpebrarum lateralis et medialis. 

The opening between the lids is the rima palpebra- 
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rum. The upper and lower lacrimal ducts open onto 
the bulbar surfaces of the lid margins. 

The skin of the face continues onto the outer 
surface of the eyelids. At the palpebral margin the 
epidermis of the skin changes abruptly to the epi- 
thelium of the palpebral conjunctiva. Long hairs 
(eyelashes, cilia) project from the upper and lower 
lid margins. Dorsal to the medial canthus of the 
eye there is a tuft of long, tactile hairs. 

The conjunctiva, tunica conjunctiva, of the eye 
extends from the palpebral margin to the limbus of 
the cornea. It consists of palpebral and bulbar parts. 

The palpebral conjunctiva, tunica conjunctiva pal- 
pebrarum, lines the bulbar (inner) aspect of the eye- 

lid. At the level of the orbital rim the palpebral 
conjunctiva reflects onto the eyeball to become the 

bulbar conjunctiva, tunica conjunctiva bulbi. The 

point of reflection is the conjunctival fornix and the 

potential space between the palpebral and bulbar 

conjunctiva is the conjunctival sac, saccus conjunc- 

tivae. 

The third eyelid, plica semilunaris conjunctivae, is 

a poorly developed semilunar fold of the conjunc- 

tiva. It arises as a fold from the conjunctiva at the 

medial canthus of the eye. Its free edge is slightly 

concave and in contrast to the rest of the conjunc- 

tiva it is usually pigmented and reinforced by a 

small cartilage. The third eyelid can only extend to 

cover the medial corner of the cornea. 

The lacrimal apparatus, apparatus lacrimalis, 

consists of the lacrimal gland and the nasolacrimal 

duct system. 

The lacrimal gland, glandula lacrimalis, is an 

oval, lobulated gland that lies deep to the periorbita 

on the dorsolateral aspect of the eyeball. It is flat- 

tened between the eyeball and the orbital ligament. 

The gland is approximately 7 mm long and 5 mm 

wide. Its secretion empties into the dorsolateral 
conjunctival fornix through small secretory ducts. 

The lacrimal punctum, punctum lacrimale, is the 

spot where the lacrimal canaliculi open. They are 
located on the bulbar conjunctiva of the upper and 

lower eyelids, approximately 2 mm from the lid 
margins and 2 mm from the medial canthus of the 

eye. 
The lacrimal canaliculus, canaliculus lacrimalis, 

conducts tears from the punctum to the lacrimal 
sac. The dorsal lacrimal canaliculus passes medially 

along the upper eyelid and turns ventrally at the 
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medial canthus of the eye to open into the lacrimal 

sac. The ventral lacrimal canaliculus passes ventro- 

medially to open into the lacrimal sac. 

The lacrimal sac, saccus lacrimalis, is the some- 

what dilated origin of the nasolacrimal duct. It lies 

medioventral to the medial canthus of the eye, in 
the opening of the lacrimal foramen of the skull. 

The nasolacrimal duct, ductus nasolacrimalis, ex- 
tends between the lacrimal sac and the vestibule of 
the nasal cavity. It lies in a bony canal for the great- 
er part of its course. From the lacrimal foramen it 
arches ventromedially, between the infraorbital ca- 
nal and the root of the upper incisor tooth and then 
turns rostrally. It passes rostromedially along the 
ventral border of the upper incisor and leaves the 

bony canal at the rostral border of the ventral tur- 

binate bone. It passes for a short distance in the 
mucosa of the nasal cavity before it opens at the 
nasolacrimal opening in the vestibule of the nose. 
The nasolacrimal opening lies on the medial surface 
of the alar cartilage, approximately 3 mm from the 

nares. 
The eyeball, bulbus oculi, consists of three con- 

centric layers: an outer fibrous tunic, a middle vas- 
cular tunic and an inner nervous tunic. The eyeball 
of the woodchuck is almost spherical. It measures 
approximately 15 mm along its vertical diameter 

and 12 mm along its sagittal diameter. The trans- 

parent cornea forms the anterior one-fifth of the 

eye ball and is approximately 7 mm in diameter. 
The anterior pole of the eyeball, polus anterior, is 

the vertex of the cornea. The point directly opposite 

to it is the posterior pole deep in the orbit. The line 
connecting the two poles is the axis of the eyeball. 

_ The equator, equator, of the eyeball is its maximum 
circumference and is located approximately mid- 
way between the two poles. 

The fibrous tunic, tunica fibrosa bulbi, of the eye- 
ball is divided into the sclera and the cornea. The 
junction of the cornea and sclera is the limbus of 

the cornea. The sclera, sclera, is the fibrous coat of 
the eyeball which gives the eye its shape when it is 
tensed by intraocular pressure. The extra-ocular 
muscles of the eye are attached to its outer surface 
and the ciliary muscle is attached to a small circular 

ridge on its inner surface. The optic nerve leaves 

the eyeball through a sievelike area in the sclera, 
the area cribrosa, which is approximately 2 mm 
wide and 7 mm long. It lies horizontally, dorsal to 

the caudal pole of the eyeball. The dura mater that 
surrounds the optic nerve is not continuous with 
the outer layer of the sclera, but ends approximately 

1 mm from the area cribrosa. 
The cornea, cornea, forms the transparent, avas- 

cular, anterior part of the fibrous tunic. It is slightly 
oval and measures 7 mm along its dorsoventral axis 
and 9 mm along its mediolateral axis. Since its ra- 
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dius of curvature is smaller than the rest of the eye, 
it bulges forward. 

The vascular tunic, tunica vasculosa bulbi, is the 
middle coat of the eyeball and consists of the cho- 
roid, the ciliary body and the iris. 

The choroid, choroidea, is a pigmented, vascular 

layer that envelops the posterior part of the eyeball, 
except over the area cribrosa. It is anteriorly con- 

tinuous with the ciliary body. The choroid of the 
woodchuck does not have a macroscopically dis- 
cernible tapetum lucidum. 

The ciliary body, corpus ciliare, is the thickened 
middle part of the vascular tunic, between the cho- 

roid and the iris. It consists of many small, parallel 
folds that are attached to a base plate, lamina ba- 

salis. The ciliary muscle is attached to a thickened 
scleral ring. The lens is fixed in position by a del- 

icate suspensory apparatus, the zonula ciliaris. 
The iris, iris, is the most anterior segment of the 

vascular tunic. It is a thin, circular diaphragm that 

rests against the anterior surface of the lens. The 

central opening of the iris, the pupil, is circular. 

Sphincter and dilator muscles control the diameter 
of the pupil. 

The retina, tunica interna bulbi, is the innermost 

tunic of the eyeball. It is divided into optic, ciliary 
and iridal parts. The optic part, pars optica retinae, 

is the visual segment of the retina and the ciliary 
and iridal parts the non-visual segment of the ret- 
ina. 

The iridal part of the retina lines the posterior 
surface of the iris. At the ciliary margin of the iris 
it reflects onto the ciliary body to become the ciliary 
part of the retina. 

The demarcation between the visual and non- 
visual retina is the ora serrata. The optic part of the 
retina lies posteriorly to the ora serrata and is clear- 

ly demarcated from the ciliary part. The axons of 

the ganglion layer of the retina arc toward the optic 
line. Here they become myelinated, turn and pass 
through the area cribrosa of the sclera to form the 
optic nerve. The intraocular myelinated portion of 
the nerve forms the optic line. The latter is slightly 
elevated and represents the optic disc of other an- 
imals. It is approximately 0.5 mm wide and 5 to 7 
mm long. 

The lens, lens, is a soft, transparent and nearly 

spherical structure suspended by the zonule, and is 
in contact with the posterior surface of the iris. It 

is circular in transverse section and slightly ellip- 

soidal in sagittal section. The posterior surface is 
more convex than the anterior surface. The dor- 
soventral diameter of the lens is approximately 5 to 
6 mm and it measures 4 to 5 mm along its antero- 

posterior axis. 
Since the lens increases in weight linearly after 

the first year by cellular addition, it can be used to 
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determine the age of the animal (Davis 1964; Nuc- 

kle and Bergeron 1983). 
The three chambers of the eye are the anterior 

chamber, the posterior chamber and the vitreous 

chamber. 
The anterior chamber, camera anterior bulbi, is 

the space bounded anteriorly by the cornea and 

posteriorly by the iris. It is filled with the aqueous 
humor. The anterior chamber is in direct com- 
munication with the posterior chamber through the 

pupil of the iris. 
The posterior chamber, camera posterior bulbi, is 

posterior to the iris and anterior to the lens, zonule 
and anterior face of the vitreous body. It is also 

filled with aqueous humor. 
The vitreous chamber, camera vitrea bulbi, is the 

largest of the three chambers. It is bounded ante- 
riorly by the lens and zonule. The vitreous chamber 

contains the vitreous body, corpus vitreum, a soft, 

clear gel that conforms to the shape of the cavity it 
occupies. 

Extraocular muscles of the eye: See under the 

muscles of the head and neck. 

Blood supply: See under the arteries and veins of 

the head and neck. 

Innervation: See the optic, oculomotor, trochlear 

and abducens nerves, as well as the branches of the 

trigeminal, facial and glossopharyngeal nerves un- 
der the nerves of the head and neck. 

Ear. The ear is divided into external, middle 

and inner ear. 

The external ear, auris externa, consists of the 

pinna and the external acoustic meatus. At birth 

the ears are barely discernable and the external 

acoustic meatus is closed (Hamilton 1934). The ear 

canal opens when the pups are about three weeks 

old (Baldwin 1985). 

The pinna or external ear, auricula, is a funnel- 

shaped cartilage that is covered on both surfaces by 

skin. It is approximately 40 mm long and is attaced 

to the opening of the external acoustic meatus of 

the temporal bone by means of an annular carti- 

lage. The opening of the ear canal faces dorsolat- 

erally. The outer surface faces medially and the con- 

cave inner surface faces laterally. 

The auricular cartilage, cartilago auriculae, is tri- 

angular in shape. Its distal part is flattened and its 

dorsal border is rounded. The proximal 7 mm of 

the rostral border of the cartilage is elongated to 
form the tragus. The latter is rolled to form an in- 

complete cartilaginous tube. The tube or canal is 
completed by skin to form the opening into the ear 

canal. 

The distal rostral border of the auricular cartilage 
is flattened and almost straight. The caudal border 
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is folded or rolled into a narrow tube. The tube is 
incomplete along its rostral border. 

The annular cartilage, cartilago anularis, is inter- 
posed between the auricular cartilage and the ex- 
ternal acoustic meatus. It is a C-shaped cartilage 
and is incomplete medially. The annular cartilage 
is approximately 5 mm wide and completes the car- 
tilaginous part of the ear canal. It is attached to the 
external acoustic meatus by connective tissue. 

The opening of the ear canal, meatus acusticus 
externus, extends from the external pore to the tym- 
panic membrane. It is approximately 5 mm long 
and 4 mm in diameter and forms the bony part of 

the external ear canal. A thin membrane resembling 
skin lines the canal. 

The middle ear, auris media, consists of the tym- 

panic cavity, the auditory ossicles, and the tympanic 
membrane. The tympanic cavity contains various 

nerves and blood vessels that pass through it and the 
auditory tube from the pharynx that opens into it. 

The tympanic membrane, membrana tympani, 
separates the external ear canal from the middle ear 
cavity. The malleus, first in the chain of ossicles, is 
attached to the inner surface of the tympanic mem- 
brane. 

The tympanic cavity, cavum tympani, is divided 
into tegmental, labyrinthal and mastoid parts. The 
tegmental part lies dorsal to a frontal plane through 
the osseus external acoustic meatus. It contains the 
epitympanic recess. The latter houses the head of 
the malleus and the body of the incus. 

The labyrinthal part bears cochlear and vestibular 
windows. The promontory is a rounded elevation 

on the medial wall of the tympanic cavity. It con- 
tains the cochlea and has a cochlear window with 
a secondary tympanic membrane. 

The mastoid part contains the tympanic bulla. 
The cavity of the bulla is incompletely divided into 

cells by bony trabeculae. The auditory tube opens 
into the dorsal aspect of the tympanic bulla, rostral 

to the promontorium. The opening lies dorsal to a 
shelf of bone, separating the opening from the rest 

of the bulla. The opening is therefore not visible 
when the bulla is opened from the ventral aspect. 

There are three auditory ossicles in the middle 

ear, the malleus, incus and stapes. They extend as 

a connected chain between the tympanic mem- 
brane and the vestibular window of the petrous 

temporal bone. Two muscles are associated with the 
ossicles: the tensor tympany with the malleus and 
the stapedius with the stapes. The malleus has a 
long manubrium, which is tightly attached to the 
tympanum, and a round head that articulates with 
the body of the incus. The incus has two projecting 

crura. The short crus lies in the epitympanic recess, 

the long crus articulates with the stapes. The stapes 
is a stirrup-shaped bone with a head, two crura and 
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a base. The base of the stapes fits into and is at- 
tached within the vestibular window of the petrous 
temporal bone. 

The inner ear, auris interna, lies within the pe- 

trous temporal bone. It consists of a membranous 
labyrinth, labyrinthus membranaceus, contained 
within a bony labyrinth labyrinthus osseus. 

The membranous labyrinth consists of an en- 

dolymphatic duct, a sacculus, three semicircular 

ducts and a cochlear duct, all of which are filled 

with endolymph. 

The bony labyrinth consists of a vestibule, three 
semicircular canals and a cochlea, all of which con- 
tain perilymph. These fluids, perilymph and en- 

dolymph are different chemically and are kept sep- 
arated from each other. 
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Bile ducts, 97 
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Bladder, figure of, 111 

Blood vessels, figure of, 133, 134, 135 
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Brachial plexus, figure of, 159 
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Brain, subdivision, 149 

Breeding characteristics, 3 
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Cardiovascular system, 119 

Carpal joint, 41 
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Carpus flexors, 61 

Caudal constrictors, 54 

Caudal vertebrae, 26 

Central nervous system, 145 
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Cervical plexus, 162 

Cervical vertebrae, 24 
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Chest, figure of, 105 
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Clavicle, figure of, 30 
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Clavicular ligaments, 40 
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Cranial nerve, 155 
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Distribution, figure of, 3 
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Endocrine organs, 118 
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Epaxial muscles, 66 
Epithelium, 81 
Esophagus, 104 
Ethmoid bone, 19 

Extensors, ankle, 77 

Extensors, carpus, 61 

Extensors, digit, 62, 78 
Extensors, elbow, 61 

Eye, 49, 170 
Eyelids, 48 
Facial bones, 20 

Facial nerve, 157 

Farm pest, 5 

Feet, 9, 78 

Female genital organs, 115 
Femur, figure of, 35 

Fiber tracts, 150 

Fibula, figure of, 37 

Flexors, ankle, 77 

Flexors, carpus, 61 

Flexors, digit, 62, 78 
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Food, 5 
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Forepaw, figure of, 33, 34 
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Humerus, figure of, 31 
Hyoid apparatus, 23, 39, 52 

Hyoid apparatus, figure of, 23 
Hypaxial trunk muscles, 69 

Hypoglossal nerve, 161 

Hypophysis, 118 
Ileum, 91 

Incisive bone, 21 

Integument, 8 

Intestines, 90 

Intestines, figure of, 90, 92, 93, 94 
Ischium, 34 

Jaw, figure of, 6, 20, 21, 22 

Jaws, 50, 51 

Jeyunum, 91 

Joints, 39 

Kidney, 108 

Kidney, figure of, 109 
Knee joint, 42 

Lacrimal bone, 20 
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Larynx, 55, 102, 103 

Larynx, figure of, 102, 103 
Lateral ventricles, 151 

Latissimus dorsi, 56 

Leg joints, 43 
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Ligaments, 39 

Ligaments, liver, 96 

Ligaments, metacarpal, 41 

Ligaments, phalangeal joints, 42 

Ligaments, radioulnar joints, 41 
Limb of pelvis, figure of, 68 
Lips, 45, 81 

Litters, 7 

Liver cancer, 1x 

Liver, 93-95 

Liver, figure of, 96, 97, 99 

Liver, ligaments, 96 
Lobes, liver, 95 

Lubosacral plexus, 159 

Lumbar vertebrae, 25 

Lumbosacral plexus, 164 

Lungs, 105 

Lungs, figure of, 106 

Lymph nodes, figure of, 136 
Lymphatic system, 141 
Male genital organs, 111 
Mammary glands, 10 

Mandible, 21 

Mandible, figure of, 21, 22 
Mandibular muscle, 56 
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Manus arteries, 129 

Manus, figure of, 63, 64 

Manus muscles, 63 

Manus rotator, 63 

Marmota, x 

Mastication, 50 

Mating, 4 

Maxilla, 20 

Maxillary bone, 20 
Measurements, 5 

Medulla spinalis, 153 
Mesencephalon, 151 

Metacarpal joints, 41 
Metacarpus, 31 
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Middle constrictor, 54 
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Mouth, figure of, 82, 83 
Muscles, abdomen, 71 

Muscles, ankle, 77 

Muscles, antebrachium, 61 

Muscles, ear, 48, 49 

Muscles, elbow, 60 

Muscles, epaxial, 66 

Muscles, eye, 49 

Muscles, eyelids, 48 

Muscles, head, figure of, 48 

Muscles, hip, 74 

Muscles, hyoid apparatus, 52 

Muscles, jaws, 50, 51 

Muscles, larynx, 55 

Muscles, manus, 63 

Muscles, neck, 69 

Muscles, neck, figure of, 51, 53 
Muscles, pes, 79 

Muscles, shoulder, 60 

Muscles, skin, 10 

Muscles, soft palate, 54 
Muscles, sublumbar, 73 

Muscles, tail, 70 

Muscles, thigh, 74, 75 
Muscles, thoracic limb, 56 

Muscles, thoracic wall, 70 

Muscles, tongue, 52 

Muscles, trunk, 65, 69 

Muscles, trunk, figure of, 46, 47 
Muscles, vertebra, 65 

Muscular system, 45 
Myelencephalon, 152 
Nasal bone, 20 

Nasal cavity, 100 
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Neck muscles, figure of, 48, 51, 53 
Neck, arteries, 125 
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Neck, veins, 132 

Neocortex, 149 

Nerve, abdomen, 168 

Nerve, abducent, 157 

Nerve, accessory, 161 

Nerve, cochlear, 160 

Nerve, cranial, 155 

Nerve, facial, 157 
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Nerve, head, 168 
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Nerve, neck, 168 

Nerve, oculomotor, 155 

Nerve, olfactory, 155 

Nerve, optic, 155 

Nerve, parasympathetic, 167 
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Nerve, pelvis, 164, 168 

Nerve, spinal, 161 

Nerve, sympathetic, 167 

Nerve, thorax, 168 

Nerve, trigeminal, 155 

Nerve, trochlear, 155 

Nerve, vagus, 160 

Nerve, vestibulo-cochlear, 160 

Nervous system, autonomic, 167 

Nervous system, central, 145 
Nervous system, peripheral, 154 
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Number of species, 1 
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Oculomotor nerves, 155 
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Optic nerves, 155 
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Palate, 81 

Palatine bone, 21 
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Parasympathetic nerves, 167 
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Pelvic arteries, 131 

Pelvic canal, 34 

Pelvic diaphragm, 72 
Pelvic girdle, 32 
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Pelvic limb, figure of, 68, 73 
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Pelvic limb, nerves, 165 Small intestines, 90 

Pelvic limb, veins, 140 Soft palate, 54 
Pelvic nerves, 164 Spermophilus, x 

Pelvis, 42 Spinal column, 23, 39, 65 

Pelvis, arteries, 130 Spinal cord, 153 
Pelvis, figure of, 34, 73 Spinal cord, arteries, 127 

Pelvis, nerves, 168 Spinal cord, figure of, 153, 154 
Pericardium, 119 Spinal nerves, 161 

Perimeum, 72 Spine, 145 

Peripheral nervous system, 154 Spleen, 143 

Peritoneum, 86 Spleen, figure of, 89 

Pes,-79 Squamous, 16 

Pes, arteries, 132 Sternum, 26 

Phalangeal joints, 42 Sternum, figure of, 27 

Phalanges, 32 Stomach, 87, 88 

Pharynx, 55, 101 Stomach, figure of, 87, 88, 89, 99 
Phylogeny, 1 Subclavian muscle, 58 
Pineal glands, 118 Sublumbar muscles, 73 
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Presphenoid bone, 18 Temporal bone, 16 

Pterygoid bone, 19 Territory, 5 

Pubis, 33 Thigh, 74 

Pulmonary veins, 132 Third ventracle, 151 

Radioulnar joints, 41 Thoracic cavity, 104 

Radius, 29 Thoracic cavity, figure of, 120 
Radius, figure of, 32 Thoracic limb, 28, 40, 56, 138 
Relationship to humans, 5 Thoracic limb, figure of, 57, 59 
Respiratory system, 100 Thoracic vertebrae, 24 
Rhomboid muscle, 56 Thoracic wall muscles, 70 

~ Rib, figure of, 28 Thorax nerves, 168 

Ribs, 27, 40 Thorax, figure of, 56, 66, 105, 106 

Rostral constrictors, 54 Thymus, 143 

Rotator, manus, 63 Thyroid glands, 118 

Sacral vertebrae, 25 Thyroid, 103 
Sacrum, figure of, 26 tibia.) 36 

Sagittal crest, 15 Tibia, figure of, 36 
Salivary glands, 85 Toe extensors, 62 
Scapula, 27 Toe flexors, 62 
Scapula, figure of, 29 Toes, 78 

Sciuridae, x Tongue, 52, 31 

Sensory organs, 170 Tongue, figure of, 84 
Sesamoid bones, 32, 38 Trachea, 103 

Shoulder, 27, 40, 60 Trachea, figure of, 102, 103 

Sight, 170 Trapezius muscle, 56 
Sinuses, 100, 137 Trigeminal nerve, 155 

Size, 3 Trochlear nerve, 155 

Skeleton, 11 Trunk, 65 

Skeleton, figure of, 12 Trunk, arteries, 127 

Skin, 8, 10 Trunk muscles, 65, 69 
Skull, 11, 39 Trunk muscles, figure of, 46, 47 

Skull, figure of, 12, 13. 14, 16, 17, 19, 20 Tympanic bone, 16, 17 



180 Anatomy of the Woodchuck, Marmota monax 

Ulna, 29 

Ulna, figure of, 33 

Ureter, 108 

Urethra, 110 

Urinary bladder, 109 

Urinary bladder, figure of, 111 

Urogenital apparatus, 108 

Urogenital tract, 110 

Vagus nerve, 160 

Vascular system, 122 

Veins, cardiac, 132 

Veins, deep, 138 

Veins, figure of, 136 

Veins, nervous system, 137 

Veins, pelvic limb, 140 

Veins, pulmonary, 132 

Veins, sinuses, 137 

Veins, superficial, 138 
Veins, thoracic limb, 138 

Vena cava, 132 

Venous system, 132 

Ventral concha, 21 

Ventricles, 121 

Ventricles, lateral, 151 

Ventriculus quartus, 152 
Ventriculus tertius, 151 

Vertebra, 23, 39 

Vertebra, figures of, 24, 25, 26, 27 

Vertebra, muscles, 65 

Vestibulo-cochlear nerve, 160 

Whiskers, 9 

Woodchucks, figure of, 2 

Zygomatic bone, 21 
Zygomatic muscle, 45 
Zygomatic process, 20 



iu 
* 

i ety 6 am 
Aye 

: om Hvar ard ie 

ein tive 
44 ha Fi ais EM p beh ye 

; | 

: ie 1 att 

sodaeel in Biniltinns: 

no } hogan ai 

oF rena 

faster meciniits © 
chat iriotaaink ni ve 





No. 

No. 

No. 

ei): 

sally. 

2: 

Bee 

Special Publications of the 

American Society of Mammalogists 
If available, Nos. 1-11 Specially Priced 

The Natural History and Behavior of the California Sea Lion 

Richard S. Peterson and George A. Bartholomew. 1967. (out of print) 

Biology of Peromyscus (Rodentia) 

John A. King, Editor. 1968. (hardback) 

The Life History and Ecology of the Gray Whale (Eschrichtius robustus) 

Dale W. Rice and Allen A. Wolman. 1971. (out of print) 

Population Ecology of the Little Brown Bat, Myotis lucifugus, in Indiana and 

North-central Kentucky 

Dale W. Rice and Allen A. Wolman. 1971. (softcover) 

Ecology and Behavior of the Manatee (Trichechus manatus) in Florida 

Daniel S. Hartman. 1979. (out of print) 

Locomotor Morphology of the Vampire Bat, Desmodus rotundus 

J. Scott Altenbach. 1979. (hardback) 

Advances in the Study of Mammalian Behavior 

John F. Eisenberg and Devra G. Kleiman, Editors. 1983. (hardback) 

Biology of the New World Microtus 

Robert H. Tamarin, Editor. 1985. (hardback) 

Dispersal in Rodents: A Resident Fitness Hypothesis 

Paul K. Anderson. 1989. (hardback) 

Biology of the Heteromyidae 

Hugh H. Genoways and James H. Brown, Editors. 1993. (hardback) 

Seventy-five years of Mammalogy (1919-1994) 

Elmer C. Birney and Jerry R. Choate, Editors. 1994. (hardback) 

The Wild Mammals of Montana 

Kerry R. Foresman. 2001. $27.95 (softcover) 

Anatomy of the Woodchuck (Marmota monax) 

A.J. Bezuidenhout and H.E. Evans. 2005. $45.00 (softcover) 

To purchase available Special Publications, please visit the American Society of 

Mammalogists’ website at www.mammalsociety.org. 



cranial a isalilal ae -— Median or midsaggital plane ANATOMY OF THE WoopDcHU 

the first such account on a incall es 

interest to mammalogists and s 

concerned with animal and hu 1 

The book is divided into 11 cha ichly 

illustrated with numerous figures of remarkable 

detail and clarity. Dr. Bud C. Tennant, 5; 

the James Law Professor of Comparative Z 

Medicine at Cornell University notes that “this 

volume represents a quantum advance in the 

“Dorsal 
plane 

pe ventral le es 
Dalmat plantas 

| - Transverse plane 

anatomical information currently available on 

the woodchuck” and will be “a bridge between the biomedical research community and-those 

studying ecology and evolution” of this interesting genus. 

ABRAHAM J. BEZUIDENHOUT (left) is a graduate (BVSc) and a Doctor of Veterinary Science (DVSc) 

of the University of Pretoria, South Africa. He was in private veterinary practice for 5 years 

and on the Faculty of Veterinary Science in Anatomy at Onderstepoort Veterinary 

Institute, South Africa, for 19 years. In 1989, he was appointed - 

Visiting Professor in the Department of Anatomy at 

Cornell University to study the anatomy 

of the woodchuck. Dr. Bezuidenhout is 

now a Senior Lecturer in the Department © 

of Biomedical Sciences in the College of — 

Veterinary Medicine at Cornell University. 

His publications include research on the 

anatomy of the ostrich and elephant and a 

book on the anatomy of the dromedary. 

Howarp E. Evans is an Emeritus 

Professor of Veterinary and Comparative 

Anatomy in the College of Veterinary 

Medicine at Cornell University 

where he has taught since 1950. He 

continues to teach the “Literature of 

Natural History” and lead natural- 

history tours for Cornell University. 

His research has focused on the 

anatomy of fishes, reptiles, 

birds, and mammals. 

Professor Evans is the 

coauthor of “Anatomy 

of the Dog” and “Guide 

to the Dissection of the 

Dog,” both of which 

are widely used in the 

veterinary profession. 


