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CHAPTER I
INTRODUCTION

/

/

Rodents are believed to be the most abundant,
wide spread, and diverse of all living groups of mammals.
For many years the order Rodentia was divided into suborders
Simplicidentata and Duplicidentata.

It was not until 1912

that Gidley proposed that Lagomorpha (Duplicidentata) be
given ordinal status and not until much later that this
classification has become generally accepted.
Rodents as a group are now well defined, but their
classification within the order is presently inadequate at
best and generally beset with many problems.

The classic

subdivision of Rodentia into three major groups, sciuromorphs,
hystricomorphs, and myomorphs was made early (De Blainville,

1834) and has generally persisted to the present.

However,

even this general grouping is questioned by rodent specialists today.

wood states, "Certainly it will be sometime

before an adequate classification of the order is completed."
It is noteworthy that classifications are based
largely on structures of the masticatory apparatus.

Inspite

of this and the wide use of rodents in scientific investigatiols
no comparative study of the functional anatomy of the total
masticatory apparatus in diverse groups of rodents has been
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reported in the literature.
It was the purpose of this investigation to make
an integrated study of the structure and function of the parts
of the feeding organ, namely jaws, teeth, muscles, craniomandibular articulation, and symphysis, in various rodents, and
a comparison of the adaptations in different rodents.

Species

were selected to achieve diversity within the order and still
include species of special interest because of their common
use in laboratory investigations.

The animals studied include

tree squirrel, ground squirrel, beaver, guinea pig, porcupine,
hamster, and rat.
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CHAPTER II
REVIEW of the LITERATURE
Integrated studies of the structure and function of
the total feeding organ of animals are few.

Sicher (1944)

studied the masticatory apparatus of the sloths and in another
study in the same year the masticatory apparatus of the giant
panda and the bears.

Pollock (1962) compared the masticatory

apparatus in a single rodent with that in a lagomorph.

Davis

(1955) described the masticatory apparatus in the spectacled
bear.

Scapino (1965) in a fine study on dogs emphasizes the

joints. including the symphysis, but functionally integrates
all of the parts of the feeding organ.
Frazzetta (1962) describes and functionally integrates the feeding organ in lizards emphasizing the role of cranial Kinesis in these reptiles.

Gana (1961) described the feed-

ing mechanism in snakes.
Studies describing various parts of the feeding
organ but not integrating all parts are more prevalent. Starck

(1935) described the major muscles of mastication in the marmot and in another paper (1935) related muscles of mastication
and the temporomandibular joint in bears.

Gaspard (1964, 1965)

in two papers discusses functional adaptations in the mandible
of some mammals.

Gaspard (1965) discussed some apects of bio-

mechanics in carnivores, especially fissipeda; anthropoids;
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and humans.

Badoux (1964) compares the lines of force of the

muscles of mastication in dolichocephalic and brachycephalic
dogs.

A.rdran, Kemp, and Ride (1958) investigated mastication

and swallowing in rabbits by radiographic analysis.
DuBrul describes biomechanical adaptation of the
skull in the rabbit (1950) and the lion marmoset (1965).
General attempts at comparative, functional anatomy
of the masticatory apparatus of rodents were made by Becht
and Schumacher.

Becht (1953) investigated the relation of

structure and function in the masticatory apparatus of Carnivora, Rodentia, in which he included the rabbit, and Ungulata,
but treated the subject very generally.

Schumacher (1961)

investigated the major muscles of mastication in a number of
selected animals.

The primary emphasis was on the direction

of action of the different muscles.

The guinea pig and the

rat were used as representatives of Rodentia.
Forester (1929) did a study on the guinea pig, rat,
and rabbit, but he limited the study to the masseter and later
al pterygoid muscles and was hampered by still considering the
rabbit as a rodent.

Toldt (1905) described the lower jaw

and the major muscles of mastication in a number of rodents.
Weber (1927) in a work which covers many aspects of mammalian
anatomy, embryology, and taxonomy discussed the rodent skull,
teeth, the ability to spread the incisors, and very generally
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the muscles of mastication.
A number of works on descriptive
rodents have been published.

anat~my

of various

Their accuracy varies and little

or no attempt is made at functional description or analysis.
Howell (1926) presented a detailed description of the anatomy
of the wood rat.

Howell (1932) studied Dipodomys, but the

function of the feeding muscles was indicated only grossly
with no apparent understanding of the mechanisms involved.
Greene (1935) presented a detailed description of the anatomy
of the rat with numerous illustrations.

However, no attempt

was made at functional analysis.
Merriam (1895) described the major muscles of the
head in pocket gophers.

Hunt (1924) included as part of his

manual on the rat a very limited description of some of the
feeding muscles.

Donaldson (1924) included a very small

section on general anatomy of the rat but dealt mainly with
general growth and physiology.

Hill (1937) described the

gross anatomy of the pocket gopher (Thomomys) including
muscles of the head, but functional and comparative aspects
de~

mainly with the forelimbs and shoulder for digging.

Orcutt (1940) investigated the pocket gopher (Geomys) studying
the head, neck, and pectoral appendages.

Adaptations for dig-

ging are considered, but the feeding organ is not considered
except for superficial description of the anatomy.

Hagemann
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and Schmidt (1960) wrote a general text on the rat and mouse
including a small section on rat anatomy which oonsisted of
little more than an enumeration of the muscles with a few
gross illustrations.

Klingener (1964) wrote on the general

comparative myology in four dipodoid rodents.
Lonnerblad (1955) studied carnivores, rodents, and
ungulates comparing their
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mouth organs" but the major emphas-

is was on teeth with most of the text a review of previous
studies.

comparative anatomic studies of the teeth are numer-

ous if not always accurate.

These include Osborn (1907),

deTerra (1911), Todd (1918), Thompson (1919), Simkins (1937),
and scott and Symons (1952).
Numerous papers, including Addison and Appleton

(1942) deal with the continuously growing incisor in the rat.
Papers dealing with the guinea pig teeth and their supporting
apparatus included Sicher (1923), Gottieb and Greiner (1923).
and Hunt (1959).
Cords (1919) described the transverse mandibular
muscle in rodents.

Broman (1919) first described the trans-

verse palatine muscle in several rodents and the rabbit.
Sciaky (1963) first described the "incisive muscle" in the rat.
Hill (1935) described the "retractor muscle of the pouch" in
the pocket gopher (Geomys) but does not relate it to the
infoldings at all.
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CHAPTER III
MATERIALS and METHODS
Animals were selected to achieve diversity within
the order Rodentia, to include rodents commonly used in laboratory investigations, and for availability of specimens.

The

tree squirrel (Sciurus niger Linnaeus) was included from a previous study to which was added new data from additional dissections.

Other rodents selected were the ground squirrel (Citel-

lus richardsoni Oken) and the beaver (castor canadensis Linnaeus from Sciuromorpha, the guinea pig (cavia porcellus Ballas),
and porcupine (Erethizon epixanthum Cuvier) from Histricomorpha
and the golden hamster (Mesocricetus auratus Nehring), and
albino rat (Rattus norvegicus Frisch) from Myomorpha.
The feeding organ in each animal was studied in
and the findings in the various rodents were compared.

detai~

DrY

skulls were obtained and used to investigate the osteology of
1

the head, one skull of the tree squirrel • two of the ground
2
J
4
squirrel , two beaver skulls , one guinea pig skull , two
1. I am indebted for the loan of this skull to the late
Mr. Dwight Davis of the Chicago Natural History Museum.
2. I am indebted for the loan of one of these skulls to
the late Mr. Dwight Davis of the Chicago Natural History Museum and for the other skull to Mr. Hugo Rodeck of
the University of Colorato Museum.
J. one skull from the collection at the School of Dentistry,
Loyola University, and the other was purchased from the
General Biologic Supply House, Chicago, Illinois.
4. This scull was purchased from the General Biologic
Supply House, Chicago, Illinois.
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1
2
2
porcupine skulls , one hamster skull , and one rat skull •
~e

soft tissues were studied macroscopically by dis-

section of five tree squirrels, six ground squirrels, five
beaver, seven guinea pigs, two porcupines, six hamsters, and
seven albino rats.

The beaver heads were obtained frozen and

then preserved in 20% alcoiol.

The porcupine heads were first

fixed in formalin and later changed to 20% alcohol.

The remair.•

ing animals were obtained alive, killed, and preserved in 20%
alcohol.

The craniomandibular joint and symphysis were dis-

sected and studied macroscopically.
Specimens of the craniomandibular joint of the tree
squirrel, guinea pig, albino rat, and mouse and the symphysis
of the tree squirrel, guinea pig, albino rat, and mouse were
obtained.

These were fixed in formalin, decalcified, embedded

in paraffin, sectioned, stained with hematoxylin and eosin,
and studied microscopically.
Lateral roentgenograms of bissected heads were used
to help determine the morphology and position of the condyle
in various functional positions of the mandible and the morphology of the socket of the incisors.
1. I am indebted to Dr. E. Lloyd DuBrul of the University of
Illinois for the loan of one of these skulls. The other
was from the collection at the School of Dentistry,
Loyola University.
2. These skulls were purchased from the General Biologic
Supply House, Chicago, Illinois.
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Observations were made on li•ing tree squirrels,
beavers, guinea pigs, porcupines, hamsters, and rats during
feeding to determine the normal pattern of mandibular movements.

In addition motion pictures were made and studied of

the tree squirrel and hamster.

I was unable to observe the

ground squirrel during feeding and thus the pattern of chewing had to be determined from the study of the wear pattern
of the cheek teeth.

10
CHAPTER IV
FINDINGS

/

All rodents, and interestingly also the lagomorpha,
have fur covered infoldings in the diastema behind the incisors which may be apposed to separate an atrium containing the
incisors from the oral cavity proper containing the cheek
teeth.

The infoldings are in contact while the rodent uses

the incisors in gnawing.

They are then abducted and the food

is passed by the tongue into the oral cavity proper for chewing.
The continuously growing incisors form a segment of
a logarithmic spiral.

The upper incisor is the greater part

of a smaller spiral while the lower incisor is the lesser
part of a larger spiral.

The bulk of the incisal end of the

tooth is composed of dentine.

The large pulp chamber shows

a pin point opening at the center of the incisal bevel.

Due

to the lack of enamel on the posterior, medial, and lateral
surfaces, the back of the incisor wears more rapidly than the
front.

Thus large, concave wear facets form the posterior

surface of the exposed portion of both the upper and lower
incisors.

The wear facets bevel the incisal end of the tooth

so as to form a sharp edge of enamel at the junction of the
anterior surface and the bevel.
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The incisors are continually abraded and the sharpness maintained by the gnawing movement.

During/ this move-

ment when the upper and lower incisors come into an edge to
edge position the mandible may shift forward so that the
enamel of the upper incisors abrades the lingual facets of
the lower incisors or backward so that the enamel of the lower incisorsabrades the lingual facets of the upper incisors.

12
A. TREE SQUIRREL
/

1. Skull (Figs. 1-8)

The gross outline of the squirrel skull in norma
lateralis (Fig. 1) is that of an ellipse the length of which
is approximately twice the width.

For the purposes of des-

cription the skull will be oriented in a plane running through
the external occipital protuberance and the inferior margin
of the external nares.
The neural component of the cranium (Fig. l,J,4)
is roughly pyramidal.

The base of the pyramid and the foramen

magnum face posteriorly.

The latter is located in the lower

half of the posterior surface of the neurocranium.

The apex

of the pyramid is directed anteriorly and slightly superiorly
and terminates as the cribriform plate of the ethmoid above
and medial to the anterior border of the orbits.

The base of

the skull forms the inferior surface of the pyramid.

The

facial component attaches to the apex and anterior half of the
inferior surface of the neurocranium.
The facial component (Figs. 1,2,J,4) of the cranium
assumes the shape of a four sided pyramid with a blunted apex
which is formed by the external nares below which the upper
incisors project inferiorly.
backward and upward.

The base of the pyramid faces

The roof of the mouth forms the inferior

surface, the premaxillae and the maxillae form the lateral
walls, and the nasal bones, the premaxillae, the maxillae, and
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the frontal bones all contribute to the superior surface.

The

facial component is separated from the neural cqmponent on
either side by the orbits and Joined to the neurocrania! component laterally by the zygomatic arches.
The mandible {Figs. 5,6,7) consists of two halves
Joined anteriorly by a moveable symphysis.
the mandible appears v-shaped.

Viewed from above

The lower incisor curves

forward and upward from the anterior end.
forms the posteroinferior corner.

The angular process

The condyle forms the post-

erosuperior corner and articulates with the cranial portion of
the skull.

The coronoid process hooks upward and backward

anterior to the condyle.

To this general outline a detailed

description of the osteology of the masticatory apparatus
must be added.
The upper Jaw (Figs. 1,2,),4) is composed of the
premaxillae, the maxillae, and the palatine bones.
maxilla consists of a body and three processes:

The pre-

the alveolar

process, the palatine process, and the frontal process.

The

body of the premaxilla forms the anterior part of the lateral
surface of the facial skeleton and contains the greater portion
of the socket of the upper incisor.

The medial surface of the

body forms the lateral wall of the nasal pavity.

The lateral

surface of the body is smooth and carries in its posterosuperior corner a slight depression, the anterior part of the masseteric fossa.

A sharp ridge which forms the upper margin of
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the masseteric fossa separates the body and the frontal process.
The short alveolar process projects downward from
the anterior end of the body of the premaxilla.

The alveolar

process forms the anterior portion of the socket of the upper
incisor.

The superior portion of the socket resides in the

body of the premaxilla and the basal end is in the body of the
maxilla.

The alveolar process covers more of the medial, post-

erior, and lateral cementum covered surfaces of the incisor and
less of the anterior enamel covered surface.
The frontal process projects posteriorly in a horizontal~ane.

It lies between the nasal bone and the frontal

process of the maxilla, and ends in broad contact with the
frontal bone.
The palatine process of the premaxilla curves inferomedially from the inferior edge of the body and meets the
palatine process of the opposite premaxilla in the midline.
Just lateral to the midline is an anteroposterior slit, the
incisive foramen, which is closed posteriorly by the palatine
process of the maxilla.

The fine lateral palatine ridge runs

posteriorly from a point just posterior to the incisor passing
just lateral to the incisive foramen and continues on the palatine process of the maxilla to a point just anterior to the
third premolar.

The premaxillary head of the transverse pala-

tine muscle arises from the premaxillary portion of the ridge
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while the maxillary head arises from that part of the ridge
just anterior to the third premolar.

/

The maxilla consists of a body and five processes:
the palatine process, the alveolar process, the zygomatic
process, the orbital process, and the frontal process.

The

body contains the basal end of the socket of the upper incisor.
The medial surface of the body forms part of the lateral wall
of the nasal cavity.

The lateral surface is depressed and

with the anterior surface of the zygomatic process forms the
greater posterior portion of the masseteric fossa, bounded
superiorly by a sharp ridge, the masseteric crest of the maxilla.

The slitlike infraorbital foramen is located near the

lower edge of the body.

The roughened masseteric process or

spine forms the lower border of the infraorbital foramen.
The palatine process projects medially in a horizontal plane.

It meets the palatine process of the premaxilla

anteriorly, the palatine process of the palatine bone posteriorly, and joins the opposite palatine process of the maxilla
in the midpalatine suture.

The palatine process forms part of

the roof of the mouth and the floor of the nasal cavity.
lateral palatine ridge is most pronounced where it gives

The
attach~

ment to the maxillary head of the transverse palatine muscle
just anterior to the palatal surface of the cheek teeth.
The alveolar process projects inferiorly lateral

jiik··pt.<.i«

------------------------------------~--~
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to the horizontal plate of the palatine bone and the posterior
half of the palatine process of the maxilla.

'Ihe alveolar

process forms the sockets of the two premolars and three molars
The superior surface of the posterior part of the alveolar
process forms the floor of the orbit.
The zygomatic process projects laterally from the
posterolateral edge of the body and the base of the alveolar
process.

The anterior end of the zygomatic bone extends as a

rather thin bar forward and upward and joins the posterosuperior surface of the zygomatic process of the maxilla.

Together

they form the anterior root of the zygomatic arch.
The orbital process is a thin sheet of bone which
projects posterosuper1orly from the body and forms part of the
medial wall of the orbit.

The orbital opening of the infra-

orbital caaal is located at the junction of the zygomatic,
orbital, and alveolar processes.
The short, almost square, frontal process projects
posteriorly above and behind the masseteric crest of the maxilla and meets the frontal bone posteriorly and the frontal
process of the premaxilla medially.
The palatine bone consists of a horizontal and a
vertical plate joined at right angles.

The horizontal plate

forms the posterior part of the hard palate.

The horizontal

plates meet in the midline and border on the palatine process
of the maxilla anteriorly, and the alveolar process of the max-

......,,._.
-~--------------------------------------------------------------~
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illa laterally.

The greater palatine foramen is located in

the suture joining the palatine bone, and the maxilia.
posterior border of the horizontal plate is concave.

The
In the

midline, the two plates project as the posterior nasal spine.
This doubly concave border is the posterior border of the hard
palate and lies posterior to the third molars.

The vertical

plate forms part of the lateral wall of the nasal cavity and
nasopharyngeal duct, and part of the medial wall of the orbit
laterally.

The smooth stout pyramidal process projects poster-

olaterally from the posterolateral and inferior corner of the
palatine bone and fits into the pterygoid notch between the
medial and lateral pterygoid plates of the sphenoid bone.
The pterygoid process (Fig.4) of the sphenoid bone
consists of a large medial and an almost vestigial lateral
plate.

The medial pterygoid plate is a thin triangular plate

of bone posterior to the palatine bone and forms the greater
part of the bony lateral wall of the nasopharyngeal duct.

The

hamular process projects far posteriorly from the posteroinferior corner of the medial pterygoid plate.
medial surface of the tympanic bulla.

It reaches to the

The lateral pterygoid

plate in the squirrel ls reduced to a low, sharp ridge and runs
posterolaterally from the pyramidal process of the palatine
bone.

The pterygoid fossa lies between the medial and lateral

pterygoid plates.

The pterygoid process lies directly medial
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to the cranial articular surface of the mandibular joint.
The zygomatic arch (Figs. l,J,4) serves along with
the masseteric fossa for the origin of the masseter muscle.
The anterior root of the zygomatic

arc~

is formed by the

zygomatic process of the maxilla and the anterior end of the
zygomatic bone.

The arch curves inferiorly and laterally from

its anterior root and then straightens out running posteriorly
and very slightly laterally at the level of the inferior border of the orbit.

The posterior root of the arch is formed

by the zygomatic process of the temporal bone which projects
first laterally then curves inferiorly to join the free part
of the arch on its superior edge.

The posterior half of the

superior edge of the arch is made up of an anterior projection
of the zygomatic process of the temporal bone while the rest
of the free part of the arch is formed by the zygomatic bone.
The inferior surface of the posterior root of the
zygomatic arch forms the cranial articular surface (Fig.4)
of the mandibular articulation.

The articular surface is a

smooth, sagitaly disposed, semicylindrical groove with approximately equal anteroposterior and mediolateral dimensions.
A.bove the posterior root of the zygomatic arch is a
smooth, broad depression, the posterior orbital notch
(Figs. 24,26) in the posterior margin of the orbit which is
bridged over by a ligament attaching to the supraorbital
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process above and the root of the zygomatic arch below.
posterior orbital notch serves for the passage

o~

The

the major

portion of the temporal muscle from its origin on the neurocranium into the orbit.
A low crest, the temporal line, runs posteriorly
on the superior surface of the neurocranium from the superior
end of the posterior orbital notch to the superior nuchal line
which separates the superior and lateral surface of the neurocranium from its posterior surface.

The temporal line and the

superior nuchal line outline the superior and posterior borders
respectively of the temporal fossa from which arises the greater part of the temporal muscle.
The lower jaw (Figs. 5,6,7) consists of two halves
joined at their anterior ends by fibrous connective tissue
which forms a moveable symphysis or syndesmosis.

Each mandible

consists of a stout body which bears the incisors and cheek
teeth and a thin, largely translucent ramus which serves for
the attachment of the major muscles of mastication, and carries the condyle for the articulation of the lower jaw to the
cranium.

However, in the squirrel the body and ramus are not

too well separated.
The lower incisor curves anteriorly and superiorly
from the anterior end of the mandibular body.

The bone projects

furthest anteriorly on the medial surface of the incisor in

-
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the area of the symphysis and least on the enamel covered
anteroinferior surface.

The socket of the incisor curves

posteriorly and then posterosuperiorly into the anterior
part of the ramus behind and lateral to the cheek teeth.
The symphysial surface of the mandible is irregularly ear-shaped.

The mandibles are in close approximation at

the superior border but diverge posteroinferiorly.

The

inverted v-shaped symphysial space allows the inversion of
the mandibles and thus the spreading, abduction, of the lower
incisors.
Just posterior to the symphysis on the medial surface is a small depression to which attaches the geniohyoid
muscle.

A fine crest, the supramandibular ridge, runs from

the posterosuperior corner of the symphysis on the superior
border of the mandible posteriorly to a point just anterior
to the premolar.

The supramandibular ridge serves for the

attachment of the supramandibular muscle.
The smooth border of the mandibular body continues
the convexity of the incisor posteriorly to the junction of
the body and ramus.

The lateral surface of the body is marked

posteriorly by a forward encroachment of the masseteric fossa.
Anteriorly, midway in the diastema just below the superior
surface is the mental foramen.
The anterior portion of the superior border is

21

smooth lateral to the supramandibular crest forming a wide
diastema between the incisor and the cheek teeth.

Posteriorly

'

the surface of the diastema bends sharply upward into the
anterior surface of the alveolar process supporting the cheek
teeth.

The alveolar process projects superiorly from the up-

per surface of the body but in a sagittal plane while the body
diverges from the midline posteriorly.

Thus the posterior end

of the alveolar process projects medially over the medial surface of the body.
The ramus is low, irregularly shaped, and has three
processes:

the angular process, the coronoid process, and

the condylar process.

The ramus continues in the plane of

the body and is therefore lateral to the plane of the alveolar
process of the cheek teeth.
The angular process forms the convex posteroinferior
corner of the ramus.

The posterior part of the convex border

is raised laterally into the masseteric tubercle.

A wide

notch separates the angular process from the condylar process
which forms the posterosuperior corner of the ramus.

The

condylar process is separated from the cornnoid process
by another notch which is deepest near its anterior end.

The

coronoid process forms the hook-like anterosuperior corner
of the ramus.
The anterior border of the ramus is convex and
curves anteroinferiorly from the coronoid process to a point

. .444
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just lateral to the third molar where it continues into an
oblique line on the lateral surface of the body./

'!lie obli-

que line continues forward and slightly downward into the
masseteric crest below the premolar.

The masseteric ridge

loops posteroinferiorly to the inferior border of the mandible
below the third molar.

The oblique line and the masseteric

ridge outline the anterior extent of the masseteric fossa.
Viewed from the medial aspect the ramus is distinguished from the body by a general thinning of the bone.
ridges cross the medial surface.

The temporal crest

1

Two

is

nearly vertical and starts at the tip of the coronoid process
and extends to the posterior end of the alveolar process.
The triangular area between the temporal crest and the anterior border of the ramus serves for the attachment of the
temporal muscle.

The ridge of the mandibular neck

2

runs

obliquely anteroinferiorly from the condyle over the condylar
process to the posterior end of the alveolar process of the
body.

The mandibular foramen lies between the lower ends of

these two ridges.
ially.

The inferior border is raised and bent med-

This together with the thick mandibular body anterior!

and the ridge of the mandibular neck superiorly bounds a
1. The term temporal crest was first used by P. Eisler in
describing the area of attachment of the human temporal
muscle.
2. The term ridge of the mandibular neck was first used
by H. Sicher in describing the human mandible.

I""""
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depressed area in the lower half of the medial surface of the
ramus which serv·es to attach the medial

pterygo~.P.

muscle and

a small bundle of the masseter muscle.
The condyle (Fig.5) forms the mandibular part of
the mandibular articulation.

The smooth convex articular

surface faces upward and slightly backward.

It is slightly

longer anteroposteriorly than it is wide mediolaterally.
The edge of the articular surface is sharp.
2. .Dentition (Figs •

1.~.4.5,6,7,8)

The dental formula of the squirrel is

0

1
c-,
r-.
0

1
The premolars and molars are teeth with limited growth.

2

3

P-, M-.
1
J

The incisors are elliptical in cross section with
the anteroposterior dimension being approximately twice the
mediolateral dimension.

The anterior surface of the incisor

is covered by reddish brown pigmented enamel while most of
the medial and lateral, and the entire posterior surfaces
are covered by cementum.

Approximately three quarters of the

length of the cementum covered surfaces are embedded in bone.
The basal end of the upper incisor (Fig.8} lies in the body
of the maxilla a short distance anterosuperior to the upper
third premolar while the basal end of the lower incisor (Fig.8)
lies in the ramus of the mandible posterior and lateral to
the lower third molar.
The exposed portion of the upper incisors curves
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downward and slightly backward while that of the lower incisor& curves forward and slightly upward.

The shorter upper

wear facet curves upward and slightly posteriorly from the
incisal edge while the longer lower wear facet curves posteriorly and slightly inferiorly.
The cheek teeth are all tuberculate with short
enamel covered crowns exposed to the oral cavity and cementum
covered roots embedded in bony sockets.

The upper third

premolar is very small and rudimentary.

It has a conical crown

and a single root.
ed.

The upper fourth premolar is well develop-

It is slightly smaller than the molars but otherwise

closely resembles them.
in size.

The molars are approximately uniform

Their occlusal surfaces are marked by two trans-

verse crests connecting the two buccal cusps to the single
lingual cusp.

The occlusal outline of the first two molars

is rectangular while that of the third molar is triangular.
The fourth upper premolar and all the upper molars have three
roots.
The lower cheek teeth closely resemble each other
in crown morphology.

All of them are rectangular in occlusal

outline with cusps at each corner, a central depression. and
mesial and distal marginal ridges.

They are uniform in size

except that the premolar is slightly smaller.
molar has two roots and the lower molars four.

The lower pre--
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J. craniomandibular Articulation (Figs. 4,5,8)
The craniomandibular articulation is

4

complex joint

in that it is divided into a large upper and a smaller lower
compartment by an articular disc that is interposed between
the squamosal bone and the mandible.

The articular surface

of the squamosal bone (Fig. 4) is a smooth, sagittal, semicylindrical groove with approximately equal anteroposterior
and mediolateral dimensions.

The surface slopes slightly

downward from posterior to anterior.
the articular surface is concave.

The anterior border of

The articular surface

blends with the zygomatic arch laterally and the lateral surface of the neurocranium medially.

The posterior border of

the articular surface runs anterolaterally from the lateral
surface of the neurocranium to the zygomatic arch; thus the
lateral border of the articular surface is shorter than the
medial border.
The articular surface of the condyle (Fig.5) is
roughly elliptical in outline with its longer anteroposterior
axis in a sagittal plane.
and posteriorly.

The outline is pointed anteriorly

The articular surface has a sharp edge

around its entire circumference except at its anterior end.
The posterior edge is slightly lower than the anterior edge
and thus the surface faces slightly backward as well as upward
Though

con~ex

both anteroposteriorly and mediolaterally the
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highest point is slightly posterior and medial to the center
of the articular surface.
The articular disc is oval in outline.

It is thick-

ened around the periphery and very thin in the center over
the prominence of the condyle.

The disc is fused to the arti-

cular capsule around its entire circumference.

The capsule,

however, does not bind the disc tightly to the condyle but
allows a limited movement in all directions.
The articular capsule attaches to the sharp edge of
the articular surface of the condyle below and the periphery
of the articular surface of the squamosal bone anterosuperiorly, posterosuperiorly, medially, and laterally.

The capsule

is very thin posteriorly, medially, and laterally but thickens
anteriorly.

Posteriorly it is apposed to the fascia of the

temporal muscle, laterally to the fascia of the masseter
muscle, medially to the fascia of the lateral pterygoid muscle
and anteriorly it bulges forward between the temporal muscle
above and the lateral pterygoid musele below.

The capsule

is extremely loose between the disc and the squamosal bone
especially anteriorly and posteriorly thus allowing considerable gliding movement in the upper compartment.

4. Mandibular Symphysis
The mandibular symphysis in the squirrel is a
moveable joint.

The superior edge of the symphysis is a

~· --------------------~--~
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dense ligament that binds the two mandibles tightly together.
Inferiorly the symphyseal surfaces of the mandibles diverge
leaving a v-shaped space between them that is occupied by large
thin walled blood vessels (Fig. 9) with a minimum of connective
tissue.

The inferior surface of the symphysis is covered by

a sheet of dense connective tissue.

During abduction of the

lower incisors when the symphyseal surfaces of the mandibles
are inverted and adducted blood is expressed from the veins
in the symphysis avoiding pressure and thus preventing tissue
damage.
~
~

5.

Musculature (Figs. 10-19)
Masseter Muscle
The large, powerful masseter muscle (Figs. 10,11)

arises from the lateral surface of the maxilla and the zygomatic arch and inserts mainly into the lateral surface of the
ramus.

The masseter muscle can, though incompletely be separ-

ated into three parts.

The anterior superficial head (Fig. 10)

arises as a narrow and thin tendon from the masseteric tubercl
or spine on the lateral surface of the maxilla and spreading,
passes posteriorly and slightly inferiorly to insert into the
inferior border of the ramus and the angular process.

Poster-

iorly the anterior superficial head fuses with the posterior
superficial head.

Anteroinferiorly a bundle separates from

the main body of the anterior superficial head and curves
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around the lower border of the body of the mandible.

Most fi-

bers of this bundle insert into the anterior part of the depression on the medial surface of the ramus upward almost to
the level of the alveolar process, but a few fibers turn posteriorly and insert into a narrow strip of the tendon of the
medial pterygoid muscle adjacent to the inferior border of the
ramus.
The posterior superficial head (Fig. 10) arises from
the inferior border of the posterior two thirds of the zygomatic arch and a triangular area on the lower part of the
lateral surface of the zygomatic arch.

The fibers slant post-

eroinferiorly to insert into a narrow strip of the lateral
surface of the angular process of the mandible adjacent to its
posteroinferior edge.

The posterior superficial head is tight-

ly bound to the deep head.
The deep head (Fig. 11) arises from the masseteric
~ntire

fossa on the premaxilla and maxilla and the
of the medial surface of the zygomatic arch.

length

The fibers pass

posteroinferiorly and inferiorly to insert into the depressed
lateral surface of the ramus, and by tendinous fibers into the
masseteric crest of the mandible.

Part of the deep head

passes anteroinferiorly to insert into the oblique line and a
narrow strip of the lateral surface of the ramus adjacent
to the attachment of the temporal muscle.

Toldt calls this

~----------------~
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part of the deep head the zygomatico-mandibular muscle.
The masseter muscle elevates and protrudes the lower jaw.

The part of the muscle that inserts into the angular

process and interior part of the ramus and the bundle that
wraps around the lower border of the mandible to insert into
the medial surface of the ramus and in.to the medial pterygoid
muscle also act to evert that half of the mandible to which
they attach and thus adduct, close, the lower incisors.
Temporal rvrusc le
The temporal musede (Fig. 12) arises from the tempor
al fossa on the superior and lateral surfaces of the neurocranium, the temporal fascia, the posterior orbital notch, and the
orbital surface of the sphenoid bone above the level of the
posterior root of the zygomatic arch.

The muscle runs antero-

inferiorly to insert by tendinous attachment into the posterio
border of the coronoid process and the anterior border of the
ramus from the coronoid process to a point just lateral to the
mandibular third molar. and by fleshy attachment into the temporal crest and the medial surface of the ramus between the
temporal crest and the anterior border of the ramus.
The temporal muscle elevates and retracts the mandible.
Nedial Pterygoid Muscle
In the squirrel the medial pterygoid muscle (Fig. 1.3)
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is well developed.

Arising from the pyramidal process of the

palatine bone, and the pterygoid fossa the

fibe~

pass infer-

iorly and slightly posterolaterally to insert into a large
oval depression on the medial surface of the angular process
of the ramus.

The angular process is bent medially, thus

extending medially almost under the pterygoid plate.

This

relation causes the medial pterygoid muscle to be almost
vertical.
The medial pterygoid muscle functions with the
masseter muscle in elevating the mandible.
Lateral Pterygoid Muscle
The lateral pterygoid muscle (Fig. 14) is fairly
well developed despite the poor development of the lateral
pterygoid plate.

The muscle runs laterally and only slightly

posteriorly from the pterygoid process to the mandible.

The

muscle is thicker anteroposteriorly than superoinferiorly.
It arises from the inferior edge and lateral surface of the
pterygoid plate and from an adjacent roughened triangular
area of the sphenoid bone just superior to the pterygoid plate.
The anterior fibers run laterally and slightly posterosuperiorly to insert into the anterior surface of the mandibular neck.
The posterior fibers run posterola.t erally and slightly superiorly to insert into the neck of the

mandib~e

and the cap-

sule and disc of the mandibular joint on their anterior and
medial surfaces.

~~------------------~~
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Because of its direction the lateral pterygoid
muscle does not seem to be able to protrude

the~andible.

In exerting a medial pgll on the mandible and the articular
disc it acts to stabilize the condyles during inversion of the
mandible and the spreading of the incisors by the transverse
mandibular muscle.
Digastric Muscle
The digastric muscle (Fig. 15) consists of two
bellies.

The posterior belly arises from the lateral surface

of the jugular process and ends in an intermediate tendon
from which part of the anterior belly arises.

The anterior

belly arises from the intermediate tendon and from the inferior surface of the hyoid bone and inserts into the inferior
border of the mandible at the posterior end of the symphysis.
The anterior belly is fused with its counterpart on the opposite side separating only close to their insertions.
The digastric muscle acts to position the hyoid bone
and to depress and retrude the mandible.
Transverse Mandibular Muscle
The unpaired transverse mandibular muscle (Fig. 16)
attaches bilaterally to the inferior border of the body of
the mandible posterior to the symphysis thus coursing transversely between the two halves of the mandible.

Contraction

of the muscle inverts the two halves of the lower jaw and ab-
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ducts, spreads, the lower incisors.

The transverse mandibular

muscle is innervated by branches of the mylohyoid branch of
the inferior alveolar nerve.
Mylohyoid Muscle
The mylohyoid muscle (Fig. 16) arises from the
upper part of the medial surface of the body of the mandible
below the cheek teeth but not extending forward into the area
of the diastema.

The anterior three fourths of the fibers

meet those of the opposite side in a median raphe while the
posterior one fourth insert in the body of the hyoid bone.
The mylohyoid muscle is incomplete anteriorly extending forward only to the posterior border of the transverse mandibularis muscle.
The mylohyoid muscle passes medioinferiorly from
its origin to its insetion and thus acts to elevate the floor
of the mouth, the hyoid bone, and the tongue.

If the hyoid

bone is fixed then the fibers attaching to it may aid in
depressing the mandible.
Transverse Palatine Muscle
The premaxillary portion of the transverse palatine
muscle (Fig. 17) arises from the entire length of the lateral
palatine ridge and runs laterally.

The most anterior fibers

curve forward lateral to the upper incisor.

The maxillary

head (Fig. 17} in the squirrel is well developed.

This head
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arises from a parasagittal ridge on the inferior surface of
the body of the maxilla anterior to the palatal surface of the
maxillary cheek teeth.

The fibers form a band that runs lat-

erally and slightly anteriorly to fuse with the posterior
fibers of the premaxillary head.

The transverse palatine mus-

cle inserts into the upper lip, cheek, and infolding.
The transverse palatine muscles and the supramandibular muscles function bilaterally and synergistically to
draw in the hair covered infoldings of the lip and cheek
separating the atrium from the oral cavity proper.
Supramandibular Muscle
The supramandibular muscle (Fig. 18) arises anteriorly from a median raphe superior to the mandibular symphysis
and posteriorly from the supramandibular ridge.

Most of the

fibers run laterally but the most anterior bundles curve
anteriorly around the lateral surface of the incisor.

The mus-

cle inserts into the lower lip, cheek, and infolding.
Abductor of the Infoldings Muscle
The abductor of the infoldings (Fig. 19) takes
origin from the base of the ear cartilage and inferior and
posterior to the ear blends with the panniculus carnosus.

The

fibers run anteriorly forming a thin muscle sheet and converging superficial to the anterior border of the masseter muscle
just posterior to the corner of the mouth and functions in
abducting the fur covered infoldings and thus opening the

~~
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communication between atrium and oral cavity proper.

6. Feeding Movements
In gnawing the squirrel protrudes the lower jaw
and then opens and closes in a hinge-like movement.

The

hinge-like closing may bite off a bit of food or, more often,
rapid, repetitive opening and closing shaves away a portion
of the surface of the food.

The food particles are then shift-

ed from the atrium to the oral cavity proper by the tongue.
The lower incisors may also be used to crack nuts.
hole is first made in the shell by gnawing.

A.

small

The lower incis-

ora are then inserted into the hole and abducted, spread,
breaking the shell from within.

The incisors may then be

adducted, closed, for gnawing again.
The chewing movement seems to be primarily a lateral
movement.
difficul~

These movements are extremely rapid, and therefore,
to observe.

Observations do show that chewing

movements are in a mediolateral plane and study of the occlusal anatomy of the cheek teeth substantiate this observation.
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B. GROUND SQUIRREL
1. skull (Figs. 20-27)
The skull of the ground squirrel is so similar to
that of the squirrel previously described that few additional
remarks are necessary.

The zygomatic archs bend laterally

slightly more in the ground squirrel and the neurocranium is
slightly broader.

The angular process of the mandible is

more highly developed, and the markings and medial bending
sf the angle are more extreme.
2. Dentition (Figs. 20,21,23,24,25,26,27)
The dental formula of the ground squirrel is
1

0

2

Il, c0, Pi•

3

Mj•

The teeth of the ground squirrel are quite

similar to the teeth of the squirrel with certain qualifications.
The enamel of the incisors is not pigmented.

The incisors

are oval in cross section with the anteroposterior dimension
being only slightly greater than the mediolateral dimension.
The general morphology of the cheek teeth is similar to that
of the squirrel previously described, but the specimens collected all reveal considerably more attrition in the ground
squirrel with a consistant pattern.

The enamel of the mesial

margin of the lower cheek teeth remains as a high mediolateral ridge while the remainder of the occlusal surface is worn
well into the dentin.

The mesial marginal ridge of each upper
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cheek tooth is worn away leaving a deep mediolateral groove
while the remainder of the occlusal surface is intact.

When

the cheek teeth are in occlusal contact the ridges of the
lower cheek teeth fit into the grooves of the upper cheek
teeth.

This pattern is seen even in young specimens.

3. craniomandibular Articulation (Figs. 23,24,27)
The craniomandibular articulation in the ground
squirrel is nearly identical to that in the squirrel except
that in the ground squirrel the markings of the condyle are
sharper, and the articular surface of the condyle is more
nearly circular.
4. I'landibular Symphysis
The symphysis is the same as in the squirrel.

5. Musculature (Figs. 28-38)
Masseter I1uscle
The large, powerful masseter muscle (Figs. 28,29)
may be separated, though incompletely, into three heads.

The

anterior superficial head (Fig. 28) arises by a small tendon
from the masseteric tubercle on the lateral surface of the
maxilla just lateral and anterior to the most anterior premolar.

From a fine tendon the muscle spreads fan-shaped into

a thin sheet of muscle which passes posteriorly and slightly
inferiorly wrapping around the lower border of the mandible
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to invert into the lower part of the medial surface of the medial pterygoid muscle and the posteroinferior border of the angular process.

Posteriorly the anterior superficial head fuses

with the posterior superficial head.

The posterior superficial

head (Fig. 28) arises from the inferior border of the posterior
two thirds of the zygomatic arch anterior to the craniomandibular joint.

The fibers slant posteroinferiorly to insert

into a narrow strip of the lateral surface of the angular
process of the mandible adjacent to its posteroinferior edge
and by tendinous attachment into a tubercle on the lateral
surface of the point of the angular process.

The posterior

superficial head is fused over most of its deep surface to
the deep head.

The deep head (Fig. 29) arises from the mass-

eteric fossa on the lateral surface of the premaxilla and maxilla and from the deep surface of the whole length of the
zygomatic arch.

Those fibers arising from the masseteric

fossa pass posteroinferiorly first and then curve more inferiorly as they join the rest of the muscle.

The fibers arising

from the deep surface of the zygomatic arch run inferiorly
and only slightly posteriorly.

The deep head inserts into a

well defined depressed area on the lateral surface of the
body of the mandible below the cheek teeth and the lower half
of the lateral surface of the ramus and angular process.
The superficial heads of the masseter act to protrude
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and elevate the lower jaw and the deep head acts chiefly to
elevate the mandible.

The anterior superficial ,head may also

act to evert the mandible and thus serve as the antagonist
of the transverse mandibular muscle.
Temporal Muscle
The temporal muscle (Fig. JO) arises from the poorly
defined temporal fossa on the lateral surface of the neurocranium, the temporal fascia, the posterior orbital notch,
and the orbital surface of the squamosal bone.

The temporal

fossa includes lateral surface of nearly half of the interparietal bone, the posteroinferior half of the parietal bone,
and the squamosal bone.

A partially separable superficial

part of the muscle arises from the temporal fascia.

The

fibers are first directed anteriorly from the temporal fossa
and then turn anteroinferiorly over the posterior root of the
zygomatic arch to insert into the anterior border of the coronoid process and the anterior border of the ramus inferiorly
to a point just lateral to the distal surface of the last
molar.

A heavy bundle of fibers inserts into the area just

posterior to the last molar tooth between the anterior border
of the ramus and the crest of the mandibular neck.

The fibers

arising from the orbital surface of the temporal pass inferiorly to insert into the medial surface of the coronoid
process and a narrow adjacent area of the medial surface of

~~
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the ramus.
The posterior fibers of the temporal 'uscle act to
elevate and retrude the lower jaw while the orbital fibers
function to elevate the lower jaw.
Medial Pterygoid Muscle
The medial pterygoid (Fig. Jl) is well developed
and easily separated into medial and lateral parts.

The

medial part arises from the pterygoid fossa and the medial
half of the roughened inferior surface of the pyramidal process of the palatine bone.

The muscle passes as a broad, flat

band inferiorly and only slightly laterally and posteriorly
to insert into the raised inferior border of the ramus.

This

part of the muscle is nearly vertical as the lower border
of the ramus is bent medially, thus extending medially almost
under the pterygoid plate.
pterygoid is thicker.

The lateral part of the medial

It is partly tendinous at its origin

from the medial surface of the lateral pterygoid plate and
the lateral half of the roughened inferior surface of the
pyramidal process of the palatine bone.

The fibers pass in-

feriorly angling more posteriorly and laterally to insert
into a deep, well defined fossa on the lower part of the med- ·
ial surface of the ramus.
The medial pterygoid muscle functions in elevating
the lower jaw.
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Lateral Pterygoid Muscle
The lateral pterygoid muscle (Figs.32{ is well
developed despite the poor development of the lateral pterygoid plate.

The muscle arises by fleshy attachment from

the lateral surface of the lateral pterygoid plate and from
a small adjacent roughened area of the sphenoid bone.

Though

restricted in size at its origin it increases in thickness
rapidly as it passes laterally and slightly posterosuperiorly
to insert into the anterior and medial surfaces of the mandibular neck, disc, and capsule of the craniomandibular joint.
The lateral pterygoid muscle functions to stabilize
the condyle during abduction of the lower incisors.
Digastric Muscle
The digastric muscle (Fig. 33) arises by fleshy
attachment to the tip and anterior and lateral surfaces of
the paroccipital process.

The small posterior belly constricts

as it passes anteriorly to form a fine tendon which arches medially to meet its counterpart of the opposite side.

The

broad, flat anterior bellies arise from this tendinous arch
and are fused except at their most anterior extent.

The

anterior belly inserts into the medioinferior edge of the body
of the mandible from a point just anterior to the anterior
border of the masseter to a point slightly posterior and lateral to the posterior end of the symphysis.

The intermediate
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tendon is bound only lightly if at all to the hyoid bone
by fascia.
The digastric muscle acts to retrude the lower jaw.
Transverse Mandibular Muscle
The transverse mandibular (Fig. 34) is an unpaired
muscle attaching to the inferior border of the mandible on
each side just posterior to the moveable symphysis.

The

muscle functions to draw the lower border of the mandibles
closer thus abducting the lower incisors.
Mylohyoid Muscle
The mylohyoid muscle (Fig. 34) arises from the
upper part of the medial surface of the body of the mandible
below the cheek teeth.

The anterior three fourths of the

fibers meet those of the opposite side in a median raphe
while the posterior one fourth insert into the anterior
surface of the body of the hyoid bone.

The mylohyoid muscle

passes medioinferiorly from its origin to its insertion and
thus acts to elevate the floor of the mouth, the hyoid bone,
and the tongue.

If the hyoid is fixed, the fibers attaching

to the hyoid bone may help to depress the mandible.
Transverse Palatine Muscle
The transverse palatine muscle (Fig. 35) arises
with a premaxillary and a maxillary head.

The premaxillary

head takes origin from a small depression slightly anterolateral to the incisive foramen.

This head is relatively
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narrow and strap-like in the ground squirrel and passes posterolaterally to form with the maxillary head a heavy musaaar
superior wall to the opening of the pouch.

'

The maxillary

head is also strap-like arising from a ridge just mediaanterior to the anterior end of the maxillary cheek teeth.
The maxillary head passes anterolaterally to fuse with the
premaxillary head in the superior wall of the opening of the
pouch.
The transverse palatine muscles and the supramandibular muscles act synergistically to close the infoldings and
thus separate the atrium and the oral cavity proper.

The

transverse palatine muscles approximate the openings of the
pouches and thus adduct the upper fur covered infoldings of
the lip which are just anterior to the pouch openings.

The

supramandibular muscles act to adduct the lower infoldings and
corners of the mouth.
Supramandibular Muscle
The supramandibular muscle (Fig. 36) arises anteriorly from a median raphe superior to the posterior half of the
mandibular symphysis and posteriorly from the supramandibular
ridge.

The fibers run laterally and slightly anteriorly with

the anterior most fibers curving anteriorly into the lower
lip.

The muscle inserts into the inferior wall of the opening

of the pouch, into the poorly developed lower infolding, and
into the lip at the corner of the mouth.
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Retractor Muscle of the Pouch
The retractor muscle of the pouch (Fig..'. 37) is a
band-like muscle that arises from the lateral half of the
crest of the spine of the scapula.

'Itle muscle runs anterior-

ly to insert into the base and lateral surface of the pouch.
This muscle acts to retract the pouch and thus abduct
the pouch openings and the infoldings.
Elevator of the Upper Lip
The elevator of the upper lip (Fig.J8) arises from
the lateral surface of the premaxilla just inferior and anterior to the masseteric fossa.

The fibers spread slightly as

they pass inferiorly to insert into the . lateral two thirds of
the upper lip and the upper fur covered infolding.
The posterior fibers of the elevator of the upper
lip act to separate the upper infoldings while the more
anterior fibers raise the upper lip.
Abductor of the Infoldings
No muscle was isolated in the ground squirrel
that was comparable to the abductor of the infoldings described in other rodents.

It appears that the retractor

muscle of the pouch and the elevator of the upper lip serve
this function in the ground squirrel.
6. Feeding Hovements

D1rect observations of ground squirrels during
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reeding were not made.

The gnawing movements are almost cer-

tainly similar to the squirrel although the incisors are not
as thick anteroposteriorly, and therefore, are much weaker.
The diet of the ground squirrel is consequently probatly
somewhat restricted to foods that will not require as much
strength of the incisors as in tree squirrels which crack
nuts with these teeth.
The attrition pattern and interdigitation of the
upper and lower cheek teeth show that the ground squirrel
must use lateral excursions for chewing.

The wear apparent

in the specimens indicates an abrasive diet, either coarse or
gritty, possibly from sandy soil mixed in the food.
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C. BEAVER

1. Skull (Figs. J9-46)

/

The beaver skull is generally similar to that of the
squirrel though some proportions and details vary.

The gross

outline of the beaver skull in norma lateralis (Fig. J9) like
that of the squirrel is that of an ellipse but the height
nearly equals the length.

The posterior surface of the

cranium is much flatter, relatively larger, and meets the
higher posterior part of the superior surface of the neurocranium at a right angle.

The zygomatic arch (Fig. J9) is

positioned more superiorly and is much wider vertically
especially near the anterior root.

The nasal bones do not

protrude as far anteriorly as in the squirrel.
Viewed from above (Fig. 41) the skull mass is much
more constricted between the orbits and the zygomatic arches
buldge much more prominently.

The inferior surface of the

cranium (Fig. 42) displays a relatively much narrower palate
which constricts anteriorly.

The posterior roots of the

zygomatic arches are relatively wider mediolaterally and narrower anteroposteriorly.

The masseteric fossa (Fig. J9) on

the lateral surface of the cranium faces more anteriorly and
less inferiorly.
The angle of the mandible is not as well developed
nor bent inward (Fig. 4J) as in the squirrel.

The condylar
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process (Fig. 44) is relatively much shorter while the higher
coronoid process (Fig. 44) is relatively more highly developed
in the beaver.

The ramus (Fig. 44) extends relatively furth-

er anteriorly lateral to the alveolar process of the cheek teeth so that viewed from the lateral aspect only the premolar
and first molar are visible.

The lower incisors project

superiorly and only slightly anteriorly in the beaver whereas
in the squirrel the lower incisors project anteriorly and
only slightly superiorly.
Generally the markings are heavier in the beaver
skull than in the squirrel skull and the beaver skull is
higher and more vertically oriented than the flatter more
horizontally oriented squirrel skull.
2. Dentition (Figs. 39,40,42,43,44,45,46)
1
1

The dental formula of the beaver is I-,

0

1

3
c-,
M)•
PI'
0

'Ihe premolars and molars are hypsodont.
The base of the upper incisor is in the body of
the maxilla anterolateral and superior to the upper fourth
premolar.

The basal end of the lower incisor lies in the

ramus of the mandible posterior to the lower third molar.
The incisors are roughly triangular in cross section with
rounded corners.

The anterior surface of both the upper

and lower incisors is slightly convex mediolaterally and
covered by orange-brown pigmented enamel.

The medial and
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posterolateral cementum covered surfaces of the upper incisors
are markedly convex.

The medial cementum covered surface of

the lower incisor is flat while the posterolateral cementum
covered surface is concave.

The short wear facet on the upper

incisor is only slightly longer than the tooth is wide.

The

long bevel on the lower incisor is more than twice the width
of the tooth.

The facets on both the upper and lower incisors

are concave in both dimensions.
The upper cheek teeth angle posteriorly and laterally as well as inferiorly while the lower cheek teeth angle
medially and slightly anteriorly as well as superiorly.

The

roots appear conical due to the fusing of their three to
four roots.

The crowns are ptychodont.

All of the upper te-

eth have three enamel folds into each crown from the buccal
and one from the lingual.

The anterior most buccal fold near-

ly meets the lingual fold midway while the two more posterior
buccal folds nearly reach the lingual enamel plate.

The

lower cheek teeth each have three lingual enamel folds and
one buccal fold.

The anterior most lingual fold nearly reach-

es the buccal enamel wall while the other two lingual folds
are slightly shorter.

The buccal fold runs about half the

width of the tooth to end between the two more posterior
lingual folds.

The occlusal surfaces of the cheek teeth

are abraded with the enamel folds forming ridges and the
dentine depressions.
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The third molar is slightly smaller than the other
upper cheek teeth.

The upper first two molars and premolar

are approximately the same width mediolaterally though the
premolar is slightly thicker anteroposteriorly.

The lower

cheek teeth are of approximately equal size except that the
premolar and third molar are slightly narrower mediolaterally.

J. craniomandibular Articulation (Figs. 42,4),46)
The craniomandibular articulation is divided into
a large upper compartment and a smaller lower compartment
by an articular disc that is interposed between the squamosal bone and the mandible.

The articular surface of the

squamosal bone (Fig. 42) is a smooth, sagittal, semicylindrical groove which is slightly wider mediolaterally than long
anteroposteriorly.

The anterior and posterior borders are

slightly concave.

The surface slopes slightly downward from

posterior to anterior.

The articular surface blends with

the zygomatic arch laterally and the lateral surface of the
neurocranium medially.
The articular surface of the condyle (Fig. 43) is
roughly circular in outline with a slight indentation in its
posterolateral quadrant.

The articular surface has a sharp

edge around its medial half, but laterally blends with the
surface of the condyle.

The lateral edge of the articular

surface extends further inferiorly than the rest of the sur-
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race.

The articular surface is evenly convex but more marked-

ly so along a parasagittal ridge which is slightly medial
of the center of the surface.
The articular disc is circular in outline.

It is

thickened around the periphery and very thin in an area just
medial to the center and another area just lateral to the
center.

The disc is fused to the joint capsule around its

entire circumference.

The capsule, however, does not bind

the disc tightly to the condyle but allows a limited movement
in all directions.

The lateral pterygoid muscle inserts into

the medial and medioanterior aspect of the disc and the capsule of the lower compartment.
The joint capsule attaches to the edge of the articular surface of the condyle below and the periphery of the
articular surface of the squamosal bone antero$uperiorly,
posterosuperiorly, medially, and laterally.

The capsule is

very thin medially and laterally but thickens anteriorly and
posteriorly.

The capsule is extremely loose between the disc

and the squamosal bone especially anteriorly and posteriorly
thus allowing considerable gliding movement in the upper
compartment.
4. Mandibular Symphysis
The mandibular symphysis in the beaver is a syndesmosis.

The joined surfaces (Fig. 45) are flat, slightly
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roughened, and elliptical in outline.

The long axis of the

ellipse runs anterosuperiorly and is approximately twice as
long as the short axis.

The union between the mandibles is

firm with negligible mobility.

5· Musculature (Figs. 47-56)
Jviasseter Muscle
The masseter muscle (Figs. 47,48) is incompletely
separable into three parts.

'Ihe anterior superficial head

(Fig. 47) arises by a heavy strap-like tendon from the masseteric tubercle on the lateral surface of the body of the maxilla
The tendon spreads as it passes posteriorly and slightly inferiorly continuing into a fan-shaped sheet of muscle which inserts into the anterior two thirds of the broad, flat inferior
surface of the ramus.

The most anterior fibers wrap around

the lower border of the body of the mandible.

The posterior

superficial (Fig. 47} head arises from the part of the inferior border of the zygomatic arch formed by the zygomatic bone
and a small adjacent part of the zygomatic process of the
maxilla.

This head is a slightly heavier sheet of muscle

that runs posteroinferiorly to insert into the posterior two
thirds of the inferior surface of the ramus.

The anterior

superficial and posterior superficial heads are fused in their
posterior halves and the posterior superficial head is bound

.-=------------___;____,.
rr
51

~

firmly to the deep head.

The deep head (Fig. 48) arises

fleshy attachment from the masseteric fossa on

t~

by

lateral

surface of the bodies of premaxilla and maxilla, and from the
medial surface of the zygomatic arch anterior and lateral to
the craniomandibular joint.

The fibers pass inferiorly and

somewhat posteriorly to insert into a well defined roughened
and slightly depressed area on the lower half of the lateral
surface of the ramus.
The superficial heads assist in protruding the mandible and all of the heads function to elevate the lower jaw.
Temporal Muscle
The temporal muscle (Fig. 49) is well developed in
the beaver.

The muscle arises from a sharply outlined tem-

poral fossa on the lateral and superior surfaces of the neurocranium; the broad, shallow post orbital notch; the roughened
orbital surface of the sphenoid and squamosal bones in the
posterior wall of the orbit; and the anterior surface of
the posterior root of the zygomatic arch.

The attachment at

the origin is fleshy except for a heavy tendinous attachment
from a large tubercle at the superior end of the post orbital
notch.

The fibers arising from the anterior surface of the

posterior root of the zygomatic arch pass anteriorly and
slightly inferiorly to insert into the posterior border of
the coronoid process.

These fibers function to retrude the
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the mandible.

The rest of these fibers turn inferiorly and

join the fibers arising from the post orbital notch and posterior wall of the orbit to insert into anterior border and
medial surface of the coronoid process, the anterior border
and an adjacent narrow strip of the medial surface of the
ramus, and by a heavy tendon into the groove between the medial surface of the ramus and the last two mandibular molars.
These last parts of the temporal muscle act as a strong
elevator of the mandible.
Medial Pterygoid Muscle
The medial pterygoid muscle (Fig. 50) is divisible
into a medial head and a lateral head.

The medial head is

about one third the thickness of the lateral head.

The

medial head takes origin from the pterygoid fossa and the
anteromedial half of the inferior surface of the pyramidal
process of the palatine bone.

The fibers run inferiorly and

very slightly laterally to insert into the anteroinferior
p~rt

of the deep triangular process of the mandible.

The lat-

eral head is much larger and takes origin from the medial
surface of the lateral pterygoid plate and the posterolateral
half of the inferior surface of the pyramidal process of the
palatine bone.

The muscle fans out posteriorly so that the

most posterior fibers pass horizontally backward and slightly
laterally while the most anterior fibers run inferiorly and

.::
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laterally.
'!he medial head and the most anterior fibers of the
lateral head act to elevate the lower jaw while the more
posterior fibers of the lateral head function to protrude
the mandible.
Lateral Pterygoid Muscle
The lateral pterygoid muscle (Fig. 51) in the beaver
is well developed.

The muscle takes origin from the.lateral

surface of the lateral pterygoid plate and the lateral surface of a bridge of the sphenoid bone that continues superiorly from the lateral side of the lateral pterygoid plate.

The

fibers run posteriorly and only slightly laterally and superiorly to insert into the anterior and medial surfaces of the
neck of the mandible, and the disc and capsule of the craniomandibular joint.
The lateral pterygoid muscles function bilaterally
in protrusion of the mandible and unilaterally in lateral
excursions.
Digastric Muscle
The digastric muscle (Fig. 52) in the beaver is
divided by a round intermediate tendon into an anterior and
a posterior belly.

The well developed posterior belly arises

from the tip and anterior surface of the paroccipital tubercle.
This belly is round in cross section and tapers anteriorly
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into the intermediate tendon.

The intermediate tendon gives

rise to the anterior belly which is broad being flattened
superoinferiorly.

The anterior belly contacts its counter-

part of the opposite side along the length of its medial surrace and inserts into the inferior half of roughened depression
on the inferior border of the mandible immediately lateral
to the posterior end of the symphysis.

The intermediate

tendon and the posterior end of the anterior belly are tightly
bound by fascia to the body of the hyoid bone.
The digastric muscle can function to position the
hyoid bone in an anteroposterior plane and also acts as a
powerful retractor of the lower jaw.
Transverse Mandibular Muscle
The transverse mandibular muscle (Fig. 53) is
rudimentary in the beaver.

The unpaired muscle consists of

a small group of fibers which are tendinous at their attachment to the superior half of a roughened depression on the
inferior border of the mandibles on either side of the posterior end of the symphysis.

As the symphysis is immoveable

the muscle has no function.
Hylohyoid Muscle
The mylohyoid muscle (Fig. 53) arises from the upper
part of the medial surface of the body of the mandible below
the cheek teeth.

The fibers pass inferomedially and slightly
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posteriorly.

The muscle is not quite complete at its anter-

ior border just behind the symphysis.

The anterior two thirds

of the fibers meet those of the opposite side in a median
raphe while those of the posterior one third insert into
the anterior surface of the body of the hyoid bone.
The mylohyoid muscle acts to raise the floor of
the mouth, hyoid bone, and tongue, or, if the hyoid bone is
fixed, the posterior fibers may help to depress the lower
jaw.
Transverse Palatine I'1uscle
The transverse palatine muscle (Fig. 54) is divisible at its origin into a premaxillary and a maxillary head.
The larger premaxillary head arises from a median raphe which
lies in the midline of the palate inferior to the suture
joining the bodies of the premaxillae.

While most of the

fibers pass laterally curving inferiorly, the anterior most
fibers curve anteriorly and the posterior one third of the
fibers diverge posteriorly.

The maxillary strap-like head

arises from a marked ridge anteromedial to the first upper
cheek tooth and passes anterolaterally to fuse with the posterior fibers of the premaxillary head.

The maxillary head

and the posterior third of the premaxillary head interdigitate with the posterior fibers of the supramandibular muscle
in the cheek posterior to the corner of the mouth.

The anter-

ior two thirds of the premaxillary head inserts into the upper
liP• corner of the mouth, and fur covered infolding.
The transverse palatine muscle acts with its counterpart on the opposite side to close the upper fur covered
infoldings behing the upper teeth and synergistically with
the supramandibular muscle to separate the atrium from the
oral cavity proper.
Supramandibular Muscle
The supramandibular muscle (Fig. 55) arises anteriorly from a median raphe over the mandibular symphysis and
posteriorly from the superior border of the mandible back to
the first cheek tooth.

The fibers run laterally and slightly

anteriorly while curving superiorly.

The anterior fibers

insert into the lip, corner of the mouth,and lower fur covered
infolding.

The posterior fibers interdigitate in the cheek

with the transverse palatine muscle.
The supramandibular muscle acts with its counterpart on the opposite side to adduct the lower infoldings.
Acting synergistically the supramandibular and transverse
palatine muscles close the opening between the atrium and
oral cavity proper.
Abductor of the Infoldings
The abductor of the infoldings muscle (Fig. 56) was
incomplete or absent in all available specimens due to the
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source of the specimens and the superficial position of the
muscle.

The most useful specimen, though incomplete, demon-

strated an extremely well developed abductor of the infoldings
which arose from the base of the ear cartilage and continued
posteriorly inferior to the ear.

The muscle was broad even

at the insertion into the interdigitation of the transverse
palatine and supramandibular muscles posterior to the corner
of the mouth.
The muscle acts to abduct the infoldings and corner
of the mouth, thus opening the communication between the
atrium and oral cavity proper.

6. Feeding Movements
In gnawing the beaver protrudes the lower jaw and
then opens and closes in a hinge-like movement.
ities of the beaver in gnawing is well known.

The capabilThe gnawing

action may be used to devour tender, young shoots for food or
to fell large trees for beaver dams. If the chips are for
food they are then shifted from the atrium to the oral cavity
proper by the tongue.
The chewing movement is initiated by opening the
jaws followed by a lateral shift and then the jaws are closed.
The mandible is then shifted back to the midline with the
cheek teeth in occlusion grinding the food.
movement is fairly slow and deliberate.

The chewing

Limited anteroposter-

r~~--------------~1or chewing movements may also be used.
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D. GUINEA PIG

1. Skull (Figs. 57-64)
The gross outline of the skull in norma lateralis
(Fig. 57) is that of an ellipse the length of which is approxi
mately two and a half times the width.
of the cranium faces posteroinferiorly.

The posterior surface
The superior surface

is curved posterior to the orbit but flat anterior to the orbit.

The nasal bones do not project forward as far as in the

squirrel.
Viewed from above (Fig. 59) the superior surface
of the neurocranium is more constricted between the orbits
than in the squirrel.

The cranium is of uniform width anter-

ior to the zygomatic arches.

The markings are more prominent.

From the lateral view (Fig. 57) the zygomatic arch
is slightly lower in the guinea pig than in the squirrel.
The anterior root of the zygomatic arch is divided into superior and inferior parts by a large opening through which a
part of the masseter muscle passes from the masseteric fossa
on the lateral surface of the maxilla into the orbit.
on the inferior surface of the cranium (Fig. 60)
the cheek teeth angle lateroinferiorly.

The palate constricts

anteriorly so that the upper premolars nearly touch in the
midline.

'!he posterior border of the palate is concave.

The
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concavity extends anteriorly between the upper third molars.
The pterygoid fossae are deep.

The paroccipital protuber-

erances are well developed and pointed.

The cranial surface

of the craniomandibular joint (Fig. 60) is narrowed medially
and laterally by sharp ridges.
The articular surface of the mandibular condyle
is in line with the occlusal plane of the cheek teeth. (Fig.62)
The coronoid process is reduced to a small spine slightly
posterolateral to the mandibular third molar.

A deep trough,

the masseteric groove, on the lateral surface of the alveolar
process serves for the insertion of the deep part of the
masseter muscle.

The angular process is highly developed pro-

jecting posteriorly and slightly inferiorly, but it is not
bent medially.

The mandibular cheek teeth angle mediosuper-

iorly.
2. Dentition (Figs. 57,58,60,61,62,63,64)
The dental formula of the guinea pig is

3
M-.

3

1

0

Ii' c0,

1
P!'

All of the teeth are continuously growing.
The incisors are grossly triangular with rounded

angles in cross section.
face is the shortest.

The convex enamel covered labial sur-

The cementum covered medial and lateral

surfaces are approximately equal and flat.

Nearly half of the

enamel covered labial surface of the upper incisor is free
of bone, but nearly all of the cementum surfaces are covered
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with bone.

The enamel covered labial surface of the lower

incisor is also more exposed than the cementum C'overed surraces.

The basal end of the upper incisor lies in the max-

illa anterosuperior and lateral to the upper premolar while
the basal end of the lower incisor lies in the body of the
mandible below the lower first molar.
The exposed portion of the upper incisor curves
downward and slightly backward while that of the lower incisor curves forward and slightly upward.

Large, concave wear

facets form nearly the entire posterior surface of the exposed portion of both the upper and lower incisors.

The

shorter upper incisor wear facet is nearly vertical for most
of its length with a sharp angle at its superior end where it
turns nearly horizontally toward the palate.

The longer low-

er incisor facet curves posteriorly and slightly inferiorly
from the incisal edge.
The cheek teeth are all of approximately equal size
except for the lower premolar which is narrower mediolaterally.
The cheek teeth are trapezoidal in cross section.

The buccal

surface of the upper and the lingual surface of the lower
cheek teeth are the longest while the other surfaces are
approximately equal.

The mesial and distal surfaces converge

palatally on the upper and lingually on the lower cheek teeth.
A deep inward fold of enamel on the palatal surface of the
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upper cheek teeth nearly reaches the buccal surface.

A simi-

lar fold on the buccal surface of the lower cheek teeth nearly
reaches the lingual surface.

A shallow enamel infolding is

distal to the deep fold on the buccal surface of the upper
and the lingual surface of the lower cheek teeth.
surface of the upper third molar is grooved.

The distal

The dentin wears

more rapidly than the enamel on the occlusal surfaces resulting in enamel ridges and dentin depressions.

J. craniomandibular Joint (Figs 60,61,64)
The craniomandibular articulation is divided into
a large upper compartment and a smaller lower compartment
by an articular disc that is interposed between the squamosal
bone and the mandible.

The articular surface of the squamo-

sal bone (Fig. 60) is a smooth, semicylindrical groove which
is approximately twice as long anteroposteriorly as wide
mediolaterally.

The grooves of the bilateral joint are nearly

sagittal but converge slightly anteriorly.

The grooves are

bounded medially and laterally by sharp, parallel ridges.

The

posterior border of the articular surface runs anterolaterally
from the lateral surface of the neurocranium to the zygomatic
arch, and the anterior border runs laterally and slightly pos teriorly from the neurocranium tothe zygomatic arch.

Thus

the lateral border of the articular surface is shorter than
the medial border.

Both anterior and posterior borders are
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1
concave.

The articular surface of the condyle f'Fig. 61) faces
superiorly and is elliptical in outline with the anteroposterior axis more than twice the mediolateral axis.

The long

axes of the two condyles converge slightly anteriorly.

The

articular surface is slightly convex anteroposteriorly and
markedly convex mediolaterally.
The articular disc is elliptical in outline and
slightly larger than the articular surface of the condyle.
The periphery of the disc is thickened being especially thick
at the anterior and posterior edges.
thin.

The central portion is

The lateral pterygoid muscle attaches to the anterior

and medial edges of the disc and the capsule of the lower
compartment.

Peripherally the disc attaches to the thin

joint capsule.
The capsule attaches to the edge of the articular
surface of the condyle below and the periphery of the articular
surface of the squamosal bone above, medially, and laterally.
The capsule is extremely loose and folded between the disc and
squamosal bone allowing considerable gliding movement in the
upper compartment.

The capsule for the lower compartment

allows limited movement of the disc in all direction.
4. Mandibular Symphysis
The mandibular symphysis in the guinea pig is a
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syndesmosis.

The joined surfaces (Fig. 63) are flat, slightly

roughened, and elliptical in outline.

The ellipses are

approximately three times as long as they are wide.
axis of the ellipse runs anterosuperiorly.

The long

Microscopic sec-

tions (Fig. 65) show dense bundles of collagen fibers passing
obliquely between the two mandibles.

The union between the

mandibles allows slight movement but is not sufficient for
spreading of the incisors.

5· Musculature (Figs. 65-76)
Masseter Muscle
The masseter muscle (Figs. 66,67,68) can be divided
into two distinct parts:

a superficial head and a deep head.

The superficial head (Fig. 66) arises by a heavy round tendon
from the inferior surface of the anterior end of the zygomatic arch and by fleshy attachment from the inferior border
of the whole length of the zygomatic arch.

A sesamoid cart-

ilage is located in the inferior end of the tendon where it
passes over the masseteric crest.

A bursa is found between

the tendon and the masseteric crest.

The fibers run posterior-

ly and slightly inferiorly to insert into the lateral surface
of the ramus of the mandible inferior to the masseteric crest,
to interdigitate with the medial pterygoid muscle posterior
to the ramus, and to wrap around the inferior border of the
mandible and insert into the medial surface of the medial

pterygoid muscle and the medial surface of the ramus anterior
and superior to the insertion of the medial pterygoid muscle.
The insertion on the medial surface of the ramus {Fig. 67) is
in a wide band that extends from the inferior border superiorly to the base of the condylar process.
The deep head (Fig. 68) arises from the masseteric
fossa on the lateral surface of the maxilla and premaxilla and
from the medial surface of the zygomatic arch anterior to the
craniomandibular joint.

The fibers arising from the masseter-

ic fossa pass posteriorly and then bend inferiorly around
the anterior root of the zygomatic arch to insert by a definite
tendon in a depression at the anterior end of the masseteric
groove on the lateral surface of the mandible.

The fibers

arising from the medial surface of the zygomatic arch pass
inferiorly to insert into remainder of the masseteric groove.
The superficial head acts primarily to protrude
the mandible while the deep head acts to elevate the mandible
and assist in retruding the mandible from a protruded position.
Temporal Musc·J.e
The temporal muscle (Fig. 69) is poorly developed
in the guinea pig.

It arises from the orbital surface of the

squamosal bone and an ill defined area on the lateral surface
of the neurocranium including the lateral surfaces of a half
of the interparietal bone, the posteroinferior half of the
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parietal bone, the neurocrania! portion of the squamosal bone,
and part of the tympanic bone superior to the external auditory meatus.

The muscle passes anteroinferiorly to insert by

fleshy attachment into the medial surface and posterior border
of the coronoid process, and by tendinous attachment into the
anterior surface of the coronoid process.
'Ihe temporal muscles act to retrude and elevate
the lower jaw.
Medial Pterygoid Muscle
The medial pterygoid muscle (Fig. 70) arises from
the pyramidal process of the palatine bone and the pterygoid
fossa.

The anterior fibers are directed inferiorly and later-

ally while the posterior fibers slant increasingly backward
as the angular process of the mandible is extremely well developed.

The muscle inserts into a well defined triangular

depression on the medial surface of the ramus and angular
process and interdigitates with fibers of the masseter muscle
posterior to the ramus.

The medial surface of the medial

pterygoid is largely tendinous.
The medial pterygoid muscle acts to elevate the
lower jaw and the most posterior fibers could also help in
protrusion.
I..a teral

Pterygoid I'1uscle

The lateral pterygoid muscle (Fig. 71) is well
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developed.

It arises from the lateral surface of the poorly

developed lateral pterygoid plate and from a roughened depression on the lateral surface of the pyramidal process of the
palatine bone.

The fibers pass posteriorly and slightly

laterally to insert into the anterior and medial surface of
the mandibular neck and the capsule and disc of the craniomandibular joint.
The lateral pterygoid muscles act bilaterally to
protrude the mandible and unilaterally in lateral excursions.
Digastric Muscle
The digastric muscle (Fig. 72) in the guinea pig is
well developed.

The muscle arises from the anterior surface

and tip of the paroccipital process and passing anteriorly it
converges only slightly with its counterpart on the opposite
side.

Right and left digastrics are well separated.

The

muscle constricts slightly and is superficially tendinous
about half way forward but then enlarges to its greatest
diameter at its insertion into the inferior border of the
mandible from a point just anterior to the anterior border
of the masseter where it wraps around the mandible to a point
just lateral to the symphysis.
The digastric muscle is not attached to the hyoid
bone and acts only to retrude the mandible.
Transverse Mandibular Muscle
The transverse mandibular muscle (Fig. 73) in the
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guinea pig is rudimentary attaching to each side of the posterior end of the symphysis.

As the symphysis is relatively
/

immoveacle the muscle cannot possibly function.
Mylohyoid Muscle
The mylohyoid muscle (Fig. 73) arises from the medial surface of the body of the mandible from a line starting
just celow the diaolingual corner of the last cheek tooth and
above the mandibular foramen and angling anteriorly and slightly inferiorly to end just lateral to the posterior end of the
symphysis near the inferior border of the mandible.
cle sheet is not quite complete behind the symphysis.

The musThe

anterior half of the fibers meet those of the opposite side
in a median raphe while the posterior half inserts into the
anterior surface of the body of the hyoid bone.
The mylohyoid muscle acts to elevate the floor of
the mouth and the hyoid bone.

If the hyoid bone is fixed then

those fibers attaching to it may act to depress the mandible.
Transverse Palatine Muscle
The transverse palatine muscle (Fig. 74) arises as
a premaxillary portion and a maxillary portion.

The premaxil-

lary portion arises from a median ridge which runs along the
suture joining the bodies of the premaxillae behind the upper
incisors and a median raphe.

The ficers pass laterally curv-

ing inferiorly and fanning out anteriorly and posteriorly.
The most anterior fibers insert into the anterior part of the

upper fur covered infolding which is larger and extends further forward.

The middle and posterior fibers insert into the

infolding and also interdigitate with the fibers of the
supramandibular muscle on the same side.

The maxillary part

of the muscle arises from the lateral concave surface of a
curved ridge which lies just lateral to the midline and just
anterior to the upper premolars.

This part of the muscle

forms a broad strap which passes laterally and slightly anteriorly.

As it curves inferiorly it blends with the posterior

fibers of the premaxillary part on their superolateral surface
and with them interdigitates with the fibers of the supramandibular muscle on the same side.
Both parts of the transverse palatine muscle functio
bilaterally to draw the fur covered infoldings together.
Synergistically with the supramandibular muscles they separate
the atrium from the oral cavity proper.
Supramandibular Muscle
The supramandibular muscle (Fig. 75) arises anteriorly from a median raphe superior to the mandttular symphysis
and posteriorly from the supramandibular ridge.

The fibers

run straight laterally and slightly anteriorly except at the
borders where they diverge slightly.

The muscle curves super-

iorly and inserts into the corner of the lower lip, the lower
fur covered infolding, and interdigitates with the fibers of
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the transverse palatine muscle of the same side.
The supramandibular muscles function to draw together
the lower fur covered infoldings and acting synergistically
with the transverse palatine muscles close off the atrium
from the oral cavity proper.
Abductor of the Infoldings
The abductor of the infoldings (Fig. 76} is a broad,
thin sheet of muscle that arises from the base of the ear cartilage and blends with the panniculus carnosus posterior
and inferior to the ear and on the inferior surface of the
lower jaw.

Its upper border is well defined from the ear to

the corner of the mouth.

Its lower border is defined from

a point superficial to where the anterior border of the masseter muscle wraps around the lower border of the mandible from
which the border runs anteriorly and slightly superiorly toward the corner of the mouth. The fibers are directed anteriorly from their origin and converge to insert as a well defined
bundle into the lateral surface of the interdigitation of the
transverse palatine and supramandibular muscles slightly
posterior to the corner of the mouth.
As its name implies, the abductor of the infoldings
pulls the infoldings laterally and posteriorly abducting
them and opening the communication between the atrium and
oral cavity proper.
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6. Feeding Movements
The gnawing movement is used to obtain small bits
of food.

The jaws are opened and the mandible is protruded.

The jaws are closed bringing the upper and lower incisors into edge to edge position biting off the bit of food.

The bit

of food is shifted into the oral cavity proper by the tongue.
The chewing movement is a rapid alternating protrusive and retrusive movement.

The guinea pig uses· little or

no lateral movement in chewing.
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E. PORCUPINE
1. Skull (Figs. 77-84}
Viewed in norma lateralis (Fig. 76) the skull is
approximately one and a half times as long as high.

The sup-

erior border is nearly flat except at each end which curves
slightly downward.

The posterior surface of the skull faces

slightly inferiorly as well as backward.

The anterior half

of the cranium is relatively much shorter than in the animals
previously described.

The nasal bones especially are relative-

ly much shorter than in the squirrel or even the guinea pig.
The anterior root of the zygomatic arch is divided into two
parts as in the guinea pig except that they project laterally
instead of posterolaterally.

Tie zygomatic arch is higher in

the porcupine than in the guinea pig.
Viewed from above (Fig. 79) the cranium is similar
to that of the guinea pig except for the relative shortness
of the nasal bones and the large, rough, depressed temporal
fossae on the superior and lateral surfaces of the neurocranium.

The temporal fossae are well outlined by raised super-

ior and posterior borders.
Viewed from below (Fig. 80) the cranium of the
porcupine is very similar to that of the guinea pig.

The

major difference is that the palate in the porcupine is only
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slightly constricted anteriorly by the convergence of the
two rows of cheek teeth.

The cheek teeth project inferiorly

angling only slightly laterally.

The cranial articular sur-

face of the craniomandibular joint (Fig. 80) is relatively
shorter anteroposteriorly than in the guinea pig.
In the porcupine the mandible (Figs. 81,82,83) is
quite !:i1.f ferent from that in the squirrel.

The two mandibles

are joined in the midline by a slightly moveable syndesmosis.
The symphysis is lengthened by a shelf of bone which curves
medially from the inferior border of the mandible as far
posteriorly as the distal surface of the lower premolar.
The ramus (Fig. 84) is roughly triangular in outline with a concave posterior border, a slightly convex inferior border, and an anterosuperior border.

The coronoid pro

cess is low and poorly developed projecting superiorly from
a point half way on the anterosuperior border of the ramus.
The condylar process is high projecting superiorly and slightly anteriorly from the superior corner of the ramus.

'lhe

small angular process projects posteriorly and curves medially
into a horizontal plane from the posteroinferior corner of
the ramus.
2. Dentition (Figs. 77.78,80,81,82,83,84)
1

The dental formula of the porcupine is Ii'

0

co'

1

p!,

The premolars and molars are teeth with limited growth.
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The incisors are triangular with rounded angles in
cross section.

The medial and lateral angles are sharply

rounded while the posterior angle is gently rounded.
sides of the triangle are slightly convex.

All the

The anterior sur-

face of the incisors are covered with reddish-brown pigmented
enamel while the remaining surfaces are covered with cementum.
The upper and lower incisors are most exposed on the enamel
covered labial surface.

The alveolar bone extends furthest

incisally on the medial surface.

The basal end of the upper

incisor lies in the maxilla superior to the premolar.

The

basal end of the lower incisor lies in the body of the mandible inferior to the second molar.
The exposed portion of the upper incisor curves
downward and slightly backward while the lower incisor curves
forward and upward.

Concave wear facets form nearly the en-

tire posterior surface of the exposed portion of both the
upper and lower incisors.

The greater part of the wear facet

of the upper incisor faces posteriorly and slightly inferiorly.

The small upper part of the facet faces inferiorly and

slightly posteriorly.
in a sharp angle.

The two parts of the wear facet meet

The longer facet of the lower incisor

faces superiorly and somewhat posteriorly.
The cheek teeth are all brachydont with short
enamel covered crowns exposed to the oral cavity and cemen-
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tum cov·ered roots embedded in bony sockets.

The upper cheek

teeth each have two buccal and one palatal root.

The lower

cheek teeth each have one mesial and one distal root.

The

upper and lower premolars and the lower third molar are
slightly larger than the other cheek teeth.

The outline of

the occlusal surfaces of the cheek teeth is roughly circular.
The upper cheek teeth have three enamel infoldings
from the buccal surface that nearly reach the palatal surface.
A much smaller enamel infolding from the distal part of the
palatal surface nearly reaches the end of the middle buccal
infolding.
The lower cheek teeth have three enamel infoldings
from the lingual surface that nearly reach the buccal surface.
A much smaller enamel infolding from the anterior part of the
buccal surface nearly reaches the end of the middle lingual
infolding.
The enamel folds and the greater wear of the dentin
than the enamel results in a series of mediolateral enamel
ridges on the occlusal surfaces of the cheek teeth.
occlusal

surfaces~

The

the upper and lower cheek teeth occlude

completely when the mandible is centered mediolaterally.

J. Craniomandibular Joint
The craniomandibular joint is divided into a large
upper compartment and a smaller lower compartment by an artie-
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ular disc that is interposed between the squamosal bone and
the mandible.
The articular surface of the squamosal bone (Fig. 80)
is a smooth, semicylindrical groove which is approximately
equal in length and width.

The grooves of the bilateral

joints are nearly sagittal but converge slightly anteriorly.
The groove is bounded medially and laterally by parallel ridges which deepen the groove.

The concave posterior border

of the articular surface runs anterolaterally from the lateral
surface of the neurocranium to the zygomatic arch.

The

slightly convex anterior border runs laterally and somewhat
posteriorly from the neurocranium to the zygomatic arch.

Thus

the medial border of the articular surface is longer than the
lateral border.
The articular surface of the condyle {Fig. 81) faces
superiorly and is roughly rectangular in outline being wider
mediolaterally than anteroposteriorly.
is evenly convex mediolaterally.

The articular surface

It is convex anteroposter-

iorly with the highest point closer to the posterior edge.
The articular disc is similar to the articular
surface of the condyle in outline but slightly larger.

The

periphery of the disc is thickened especially at the anterior
and posterior edges.

The central portion is thin.

The

lateral pterygoid muscle attaches to the anterior and medial
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edges of the disc and to the capsule.

Peripherally the disc

attaches to the capsule.
The capsule attaches to the edge of the articular
surface of the condyle and adjacent part of the neck of the
mandible below, and to the periphery of the articular surface
of the squamosal bone anterosuperiorly, posterosuperiorly,
medially, and laterally.

The capsule is thin and extremely

loose between the disc and squamosal bone allowing considerable gliding movement in the upper compartment.

The capsule

for the lower compartment is thicker and allows limited movement of the disc in all directions especially anteroposterior! •
4. Mandibular Symphysis
The mandibular symphysis is a syndesmosis.

The

joined surfaces (Fig. 83) are flat, roughened, and joined
by dense connective tissue.

The long axis of the joint runs

anteriorly and only slightly superiorly.

'!be joint allows

only slight movement insufficient for spreading of the incisor •

5· Musculature (Figs. 85-92)
Masseter Muscle
The masseter muscle (Figs. 85,86) may be divided,
though with some difficulty, into a superficial and a deep
head.

The superficial head (Fig. 85) arises from the infer-

ior border of the whole length of the zygomatic arch anterior

l--· _ _ _ _ ___.
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and lateral to the craniomandibular joint.

The anterior and

superior two thirds of the lateral surface of the muscle are
tendinous.
ly.

The fibers pass posteriorly and somewhat inferior-

The anterior fibers wrap around the inferior border of

the mandible to insert into a strip of the medial surface of
the ramus just posterior to the crest of the mandibular neck
superiorly to the level of the upper surface of the mandibular
alveolar process.

The posterior fibers insert into the sharp,

raised inferior edge of the medial surface of the ramus and
the adjacent medial surface of the medial pterygoid muscle.
The deep head (Fig. 86) arises from the masseteric fossa on
the lateral surface of the premaxilla and maxilla, and the
medial surface of the zygomatic arch anterior and lateral
to the craniomandibular joint.

The lateral surface of the

deep head is tendinous near its superior and inferior borders.
The fibers pass posteroinferiorly to insert into a roughened
triangular area on the lateral surface of the ramus posterosuperiorly nearly to the neck of the mandible.

The most pos-

terior fibers arising from the inferior edge of the arch run
directly posteriorly to attach into the most posterosuperior
part of the area of insertion.

The most posterior fibers

arising near the superior edge of the medial surface of the
arch run anteriorly to insert into a depressed area on the
anterosuperior part of the lateral surface of the ramus.

79
Most of the masseter muscle acts to elevate and
protrude the mandible.

The fibers running anteriorly from

the posterior end of the medial surface of the arch to insert into the depressed anterosuperior corner of the lateral
surface~

the ramus act with the temporal and digastric mus-

cles to retrude the mandible.
Temporal Nuscle
The temporal muscle (Fig. 87) in the porcupine is
well developed.

The muscle takes its origin from a well de-

fined temporal fossa on the lateral and superior surface of
the neurocranium, the temporal fascia, the post orbital notch,
and the orbital surface of the squamosal bone.

The superfic-

ial surface of the muscle is somewhat tendinous over the superior surface of the neurocranium and densely tendinous on the
orbital surface of the muscle.

The inferior edge of the

muscle forms a heavy tendon anterior to the external auditory
meatus.

The fib .e rs arising from the temporal fossa pass

anteroinferiorly to insert into the medial and lateral surfaces, and posterior and anterior borders of the coronoid
process and the anterior border of the ramus down to the
level of the occlusal plane of the cheek teeth.
function in elevating and retruding the mandible.

These fibers
The fibers

arising from the posterior wall of the orbit pass inferiorly
to insert into a narrow strip of the medial surface of the

l
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ramus adjacent to the anterior border and by a heavy tendon
into the broad groove between the ramus and last mandibular
molar.

These fibers elevate the lower jaw.
Iviedial Pterygoid Muscle
The medial pterygoid muscle (Fig. 88) is divisible

into a medial and a lateral head although the fiber direction
is the same in both heads.

'lbe medial head arises from the

medial half of the pterygoid fossaand the medial half of the
inferior surface of the pyramidal process of the palatine bone.
The fibers pass inferiorly and slightly posteriorly to insert
into the rough superior aspect of the raised inferior border
of the medial surface of the ramus.

The lateral head takes

origin from the lateral half of the pterygoid fossa, the medial surface of the lateral pterygoid plate, and the lateral
half of the inferior surface of the pyramidal process of the
palatine bone.

The medial surface of the lateral head is

covered by a tendinous sheet.

This head inserts into the

depressed triangular area on the medial surface of the ramus.
The medial pterygoid muscle elevates the lower jaw.
Lateral Pterygoid Muscle
The well developed lateral pterygoid muscle (Fig. 89)
arises by tendinous attachment from the lateral surface of
the pyramidal process of the palatine bone, the lateral surface of the lateral pterygoid plate, and a small adjacent
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part of the sphenoid bone.

The fleshy belly runs posteriorly

and slightly superolaterally to insert into the apterior and
medial aspects of the neck of the mandible. and disc and
capsule of the craniomandibular joint.

The mandibular neck

is long and the lateral pterygoid muscle attaches down to the
superior edge of the attachment of the medial pterygoid
muscle.
The lateral pterygoid muscles function bilaterally
to protrude the mandible and unilaterally in lateral excursions
Digastric Muscle
The digastric muscle {Fig. 90) is incompletely divided into a longer anterior and a shorter posterior belly by a
constriction which is tendinous on the surface.

The con-

striction is loosely bound to the greater horn of the hyoid
bone.
ercle.

The posterior belly arises from the paroccipittal tubThe anterior belly inserts into a well defined tear-

shaped fossa on the inferior border of the mandible just
lateral to the posterior end of the symphysis.
The digastric muscle acts chiefly to retrude the
lower jaw.
Transverse Mandibular Muscle
In the porcupine the small transverse mandibular
muscle (Fig. 91) is rudimentary.

The unpaired muscle attaches

to the inferior border of the mandible on each side of the
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posterior end of the symphysis.

.The origin is linear and

extends deep to the medial portion of the insertion of the
digastric muscle.
The muscle probably has no function.
Mylohyoid Muscle
The mylohyoid muscle (Fig 91) arises from a roughened linear area on the medial surface of the mandible below
the mandibular molars at the junction of the alveolar process
and the body of the mandible.

The fibers pass medioinferiorly.

The anterior one third of the muscle inserts into a median
raphe while the posterior two thirds insert to the hyoid bone.
The anterior border of the muscle does not quite reach the
symphysis.
The mylohyoid muscle acts to raise the floor of the
mouth, hyoid bone, and tongue.

The fibers attaching to the

hyoid bone may assist in depressing the lower jaw if the hyoid
bone is fixed.
Transverse Palatine Muscle
The transverse palatine muscle arises by two heads
from the anterior portion of

the~late.

The premaxillary head

takes origin from the inferior surface of the body of the
premaxilla at the midline from the anterior border of the
incisive foramen half way to the posterior surface of the
upper incisor.

The fibers run laterally diverging at the
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anterior and posterior border to insert into the upper lip,
corner of the mouth and cheek.

The maxillary head arises

from the lateral surface of a well developed crest just anterior to the anterior end of the cheek teeth.

The strap-

like maxillary head fuses with the posterior fibers of the
premaxillary head and inserts into the cheek and corner of
the mouth.
The transverse palatine muscles act together to
adduct the upper infoldings and, acting synergistically with
the supramandibular muscles, close the communication between
the atrium and oral cavity proper.
Supramandibular Muscle
The supramandibular muscle arises from a ridge on
the superior surface of the mandible.

The ridge runs antero-

posteriorly slightly lateral to the midline in the middle
half of the diastema.

The fibers pass laterally, diverging

anteriorly and posteriorly at the border of the muscle sheet
to insert into the lower lip and corner of the mouth.
The supramandibular muscles act together with the
transverse palatine muscles to adduct the infoldings.
Abductor of the Infoldings
The abductor of the infoldings (Fig. 92) arises
from the base of the ear cartilage and posteroinferiorly
to the ear blends with the panniculus carnosus.

L

The muscle
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forms a broad sheet superficial to the masseter muscle. The
bundles converge anteriorly to insert just posterior to the
corner of the mouth interlacing with the adductors.

The mus-

cle acts to abduct the infoldings opening the communication
between the atrium and oral cavity proper.

6. Feeding Hovements
The gnawing movement is used to obtain small bits
of food and is similar to the gnawing movement described in
other rodents.

In the porcupine this movement is executed

with some force as its food is sometimes

ver~

tough, e.g. the

bark of large trees.
'!he chewing movement is usually a rapid alternating
protrusion and retrusion.

The porcupine does sometimes use

a lateral movement in chewing probably to crush bits of food
prior to grinding with the anteroposterior movement.
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F. HAMSTER
1. Skull (Figs. 93-100)
The hamster skull viewed in norma lateralis (Fig. 93}
is generally similar to the squirrel except that the superior
outline is flatter, the nasal bones less prominent, and that
the posterior surface faces posteriorly rather than posteroinferiorly.

The maxillary root of the zygomatic arch in the

hamster is more vertically oriented and the masseteric fossa
on the lateral surface of the cranium is sharply depressed
in its posterosuperior half.
Viewed from above (Fig. 95) the cranium is more constricted between the orbits than in the squirrel and supraorbital ridges are not present.

The cranium is of uniform

width anterior to the zygomatic arches.

The posterior surface

of the cranium is convex and since it faces directly posteriorly it is partially visible from above.

Norma basalis is very

similar to that of the squirrel.
Viewed from the anterior (Fig. 94) the skull is
similar to that of the squirrel except that the anterior
root of the zygomatic arch is perforated by a large foramen.
A part of the deep head of the masseter muscle which arises
in the posterosuperior half of the masseteric fossa passes
into the orbit through this foramen and joins the deep aspect
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of the portion of the masseter muscle arising from the medial
surface of the zygomatic arch.
,.·

The mandible (Figs. 97,98,99) is

ver~

similar to

the squirrel mandible except that the coronoid process in the
namster is extremely well developed.

The coronoid process

projects well above the height of the condyle and hooks
posteriorly.

The angular process is not as developed as in

the squirrel and only the lower edge bends medially.

The

posterior border of the condyle is convex making the condyle
relatively thicker anteroposteriorly.
2. Dentition (Figs. 9J,94.96.97.98,99,100)
1

0

0

1

0

0

The dental formula of the hamster is I-, C-, P-,
The molars are brachydont.
The basal end of the upper incisor is in the body
of the maxilla just posterior to the maxillo-premaxillary
suture and deep to the anterior part of the cranial masseteric fossa.

The basal end of the lower incisor lies in the

mandible just lateral to the third molar.

The incisors are

roughly triangular in cross section with rounded corners.
The anterior surface of both the upper and lower incisors is
slightly convex mediolaterally and covered by orange pigmented
enamel.

The posterolateral cementum covered surface of the

upper incisors is concave.

The medial cementum covered sur-

face of the upper and lower incisors and the posterolateral

87
cementum covered surface of the lower incisors are flat.

The

concave wear facet on the upper incisor is approximately twice
as long as wide.

The facet faces posteriorly while the anter-

ior surface of the tooth curves inferiorly and slightly posteriorly.

The concave wear facet on the lower incisor is

approximately four times longer than wide.

The lower incisor

curves anterosuperiorly.
The cheek teeth are all tuberculate with short
enamel covered crowns exposed to the oral cavity and cementum
covered roots embedded in bony sockets.

The upper first

molar has a mesiobuccal, a distobuccal, a distolingual, and a
fourth root that is positioned between the mesiobuccal and
distolingual roots.

The upper second and third molars have

a mesiobuccal root, distobuccal root, an.d a distolingual root.
The roots of the upper molars are of approximately equal
length.
root.

The lower molars all have a mesial and a distal
The roots of the lower first molar are very long while

those of the lower third molar are short.
The crowns of the upper and lower cheek teeth are
similar.

The cusps are all conical and the molars are rec-

tangular in occlusal outline.

The first molars have three

lingual cusps and three buccal cusps.

The mesiolingual and

mesiobuccal cusps are closer together than the other cusps.
The second and third molars have two buccal and two lingual
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cusps.

When the cheek teeth occlude in chewing the cusps

of the upper cheek teeth interdigitate with the cusps of the
lower cheek teeth.

J. craniomandibular Articulation
The craniomandibular articulation (Figs. 96,97,100)
is divided into a large upper compartment and a smaller lower
compartment by an articular disc that is interposed between
the squamosal bone and the mandible.

The articular surface

of the squamosal bone (Fig. 96) is a smooth, semicylindrical
groove which slopes slightly inferoanteriorly.

The grooves

of the bilateral joint are nearly sagittal but converge
slightly anteriorly.

The anterior border is concave running

posterolaterally from the lateral surface of the neurocranium
to the zygomatic arch.

The posterior border is concave and

runs anterolaterally from the neurocranium to the zygomatic
arch.

Thus, the lateral border of the articular surface is

shorter than the medial border.

The articular surface blends

with the zygomatic arch laterally and the lateral surface of
the neurocranium medially.
The articular surface of the condyle (Fig. 97) has
a sharp edge.

It is oval and nearly three times longer antero-

posteriorly than mediolaterally.

The surface is markedly

convex mediolaterally and gently convex anteroposteriorly
with the highest point about one third of the way from the
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posterior edge.
The articular disc is adapted to the articular
surface of the condyle but is slightly larger.

The disc is

thickened at the periphery, especially at the anterior and
posterior edges, and thin centrally.
joint capsule.
loose.

The disc is fused to the

The capsule of the upper compartment is very

The capsule of the lower compartment is tighter but

allows limited movement in all directions especially anteroposteriorly.

'Ihe lateral pterygoid muscle inserts into the

medial surface of the disc and capsule.
The joint capsule attaches to the edge of the articular surface and immediately adjacent part

Qf

the condyle

below and the periphery of the articular surface of the
squamosal bone anterosuperiorly, posterosuperiorly, medially,
and laterally.

The capsule is very thin especially in the

upper compartment.
4. Mandibular Symphysis
The mandibular symphysis in the hamster is a moveable joint similar to the symphysis described for the squirrel
The superior edge of the symphysis is a dense ligament that
binds the two mandibles tightly together.

Inferiorly the

symphyseal surfaces of the mandibles diverge leaving a

v-

shaped space between them that is occupied by large, thin
walled blood vessels (Fig. 9) with a minimum of connective
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tissue.

The inferior surface of the symphysis is covered

by a sheet of dense connective tissue.

5·

~usculature

(Figs. 101-111)
.Nasseter Muscle

The large, powerful masseter muscle (Figs. 101,102)
arises by four heads from the zygomatic arch and the body of
the maxilla and inserts into the ramus of the mandible.

The

anterior superficial head (Fig. 101) arises as a small, flat
tendon from the masseteric tubercle on the body of the maxilla.

The thin flat tendon spreads to give origin to a

broad thin sheet of muscle that fuses on its superior border
with the posterior superficial head.

The fibers of the anter-

ior superficial head pass posteriorly and only slightly inferiorly and pass around the inferior border of the mandible to
insert into the raised inferior margin of the ramus and the
adjacent medial surface of the medial pterygoid muscle.

The

posterior superficial head (Fig. 101) arises from the periosteum cqvering the lateral surface of the posterior one half
of the maxillary portion of the zygomatic arch and the temporal portion of the arch anterior to the craniomandibular joint.
It is bound down to the deep portion of the masseter and
passes posteriorly and slightly inferiorly to insert into the
lateral surface of the medial pterygoid muscle posterior to
the ramus of the mandible.

l
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The anterior deep head arises from the masseteric
fossa of the maxilla.

This head passes posteroinferiorly into

the orbit and inferiorly to insert by tendinous attachment into the superior edge of the anterior part of the ramus inferolateral to the mandibular second molar.
The posterior deep head (Fig. 102) arises from the
superior part of the masseteric fossa on the lateral surface
of the maxilla and from the medial surface and inferior edge
of the zygomatic arch and the anterior surface of the root of
the arch.

The fibers pass posteroinferiorly to insert into

the masseteric crest below the cheek teeth and the roughened
greater part of the lateral surface of the ramus of the mandible except for the condylar and coronoid processes.
The masseter muscle elevates and protrudes the
lower jaw.

That part of the muscle that inserts into the

angular process and inferior part of the ramus and the bundle that wraps around the l ·o wer border of the mandible to
insert into the raised inferior edge of the ramus and into
the medial pterygoid muscle also act to evert that half of the
mandible to which they attach and thus adduct, close, the
lower incisors.
Temporal f/Iuscle
The temporal muscle (Fig. 103) in the hamster is
extremely well developed.

It arises from the lightly defined

i
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temporal fossa on the lateral surface of the neurocranium,
the posterior wall of the orcit, and from the temporal fascia.
The fibers pass anteroinferiorly to insert into the posterior
border and lateral surface of the coronoid process, the medial
surface of the ramus and coronoid process between the temporal
crest and the anterior surface of the ramus, and by tendinous
attachment into the anterior border of the ramus from the
tiP of the coronoid process to a point just lateral to the
mandibular second molar.
The temporal muscle elevates and retracts the mandible.
Medial Pterygoid Muscle
The medial pterygoid muscle (Fig. 104) is oval in
cross section and well developed.

Arising from the pyramidal

process of the palatine bone and the pterygoid fossa the fibers pass posteroinferiorly and slightly laterally to insert
into a well outlined oval depression on the medial surface of
the angular process of the ramus.
The medial pterygoid muscle functions with the
masseter muscle in elevating the mandible.
Lateral Pterygoid Muscle
The lateral pterygoid muscle (Fig. 105) is fairly
well developed despite the poor development of the lateral
pterygoid plate.

The muscle is slightly thicker anteropos-

teriorly than superoinferiorly.

It arises from the lateral

9J
surface of the lateral pterygoid plate and from the adjacent
roughened area of the sphenoid bone just superior to the
pterygoid plate.

The fibers run posterolaterally and slight-

ly superiorly to insert into the medial surface of the neck
of the mandible, and the capsule and disc of the craniomandibular joint.
Though the direction of the fibers of the lateral
pterygoid muscle would allow it to participate in protruding
the mandible it is interesting to note that the muscle inserts
only on the medial surface of the neck of the mandible and
joint capsule and disc and that the muscle passes posterolaterally and not primarily posteriorly.

This muscle probably

acts primarily to stabilize the condyle and disc during inversion of the mandible and "spreading of the lower incisors".
Digastric Muscle
The digastric muscle (Fig. 106) arises from the
anterior and lateral surfaces of the paroccipital process and
inserts into a roughened oval on the medial surface of the
body of the mandible at its inferior edge just posterior to
the posterior end of the symphysis.

The muscle is fairly

uniform in size throughout its length though it is round in
cross section posteriorly and becomes somewhat flattened
superoinferiorly at its anterior extremity.

There is some

exchange of fibers with the muscle of the opposite side anter-
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ior to the hyoid bone.

A tendinous inscription which divides

the muscle into anterior and posterior parts starts on the
medial surface at about the level of the body of the hyoid
bone and passes posterolaterally to end on the lateral surface of the muscle just medial to the angular process of the
mandible.

The digastric muscle is attached by fascia lightly

to the hyoid bone.
The digastric muscle acts to retrude the mandible
and also assists somewhat in depressing the mandible.
Transverse Mandibular Muscle
The unpaired transverse mandibular muscle (Fig. 107)
attaches to the inferior part of the medial surfaces of the
bodies of the mandible just posterior to the symphysis and
deep to the insertion of the digastric muscles.

It passes

transversely between the two halves of the mandible near
their inferior edges.

contraction of the muscle inverts the

two halves of the lower jaw and abducts, spreads, the lower
incisors.
IY{ylohyoid r1uscle
The mylohyoid muscle (Fig. 107) arises from the
mylohyoid line which runs on the medial surface of the body
of the mandible from a point just posterior to the last cheek
tooth anteriorly and slightly inferiorly to end below the
distal surface of the first mandibular molar.

The muscle
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passes as a thin sheet medially and inferiorly.

The anterior

two thirds of the fibers meet those of the opposite side in
a median raphe while the posterior one third of the fibers
insert into the anterior surface of the body of the hyoid bone.
The muscle is incomplete anteriorly extending forward only
to the posterior border of the

~ransverse

mandibular muscle.

The mylohyoid muscle serves to raise the floor of
the mouth, the hyoid bone, and the tongue or, if the hyoid
bone is fixed, the fibers attaching to the hyoid bone may help
to depress the mandible.
Transverse Palatine Muscle
The transverse palatine muscle (Fig. 108) arises
as a premaxillary portion and a maxillary portion.

The

premaxillary portion arises from a median ridge which runs
along the suture joining the bodies of the premaxillae.
The strap-like maxillary portion arises from a fine ridge
which runs anteriorly on the body of the maxilla from the
mesiolingual corner of the maxillary first molar. The premaxillary fibers run laterally diverging slightly to end by
inserting into the superior fur covered infolding and by
blending into the musculature in the wall of the pouch.

The

maxillary fibers pass anterolaterally just superior to the
premaxillary portion of the muscle and insert into the superior fur covered infolding blending into the superior surface
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of the pouch.
The two parts of the transverse palatine muscles
act with the supramandibular muscles to adduct the fur covered infoldings and close the communication between the atrium
and oral cavity proper.
Supramandibular Muscle
The supramandibular muscle (Fig. 109) arises from a
ridge on the mediosuperior edge of the mandible just posterior to the lower incisors.

The fibers pass laterally diverg-

ing slightly and insert into the lower infolding which is
not as well developed as the upper.

The muscle acts with its

counterpart on the opposite side and the transverse palatine
muscles to adduct the infoldings and separate the atrium and
oral cavity proper.
Abductor of the !nfoldings
The abductor of the infoldings (Fig. 110) arises as
a broad, thin muscle sheet from the base of the ear cartilage
and passes anteroinferiorly superficial to the pouch.

Its

fibers converge toward their insertion into the corner of
the mouth just anterior to the opening of the pouch.

It acts

with the retractor muscle of the pouch to abduct or spread
the infoldings opening the communication between the atrium
and oral cavity.
Retractor Nuscle of the Pouch
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The retractor muscle of the pouch (Fig. 110) arises
from the lumbar fascia and the spines of the last two or three
thoracic vertebrae.

The muscle is strap-like and passes

anterolaterally over the scapula to insert into the base and
lateral surface of the pouch.
This muscle acts to retract the pouch and assist
the abductor of the infoldings muscle in opening the communication of the atrium and oral cavity proper.

6. Feeding Movements
The gnawing movement is similar to other rodents
and is used to obtain bits of food.

The food is then moved

by the tongue from the atrium to the oral cav·ity proper.
The chewing movement is very rapid.

The jaws are opened fol-

lowed by a lateral shift and then closing of the jaws.
mandible is shifted medially centering it again for the
start of another cycle.

The
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G. RAT
1. skull (Figs. 111-118)
The rat skull viewed in norma lateralis (Fig. 111)
is generally similar to that of the squirrel except that the
superior outline of the neurocranium is nearly flat meeting
the posterior surface at an approximately right angle and the
nasal bones do not project as far anteriorly.

The anterior

root of the zygomatic arch is pierced by a large foramen for
the passage of the anterior deep head of the masseter muscle
which arises from the masseteric fossa which surrounds the
foramen.

The infraorbital slit projects downward from the

inferior part of the foramen.
Viewed from above (Fig. 113) the outline of the skull
is similar to that of the squirrel except that the anterolateral surface of the anterior root of the zygomatic arch is
notched by the infraorbital slit and foramen for the masseter
muscle.

The zygomatic arch is relatively thinner in the rat.

The temporal fossa is sharply outlined by raised edges and
is confined to the lateral surface of the neurocranium.

The

cranium is more constricted between the orbits than in the
squirrel and this is executed by the lack of supraorbital
ridges.
Viewed from below (Fig. 114) the infraorbital slits
notch the anterior roots of the zygomatic arches and the
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posterior root of the zygomatic arch is relatively much
narrower anteroposteriorly than in the squirrel..

'!he ptery-

goid plates are poorly developed and the pterygoid fossa is
shallow.
The mandible (Figs.

115,116,117~

is very similar to

that of the squirrel except that the angular process does not
bend medially.
2. Dentition (Figs. 111,112,113,114,115,116,117,118)
1
0
0
3
The dental formula of the rat is I-, C-, P-, M-.
1

0

0

3

The molars are brachydont.
The basal end of the upper incisor is in the maxilla
just inferior to the anterior part of the masseteric fossa.
The basal end of the lower incisor is in the ramus of the
mandible posterolateral to the third molar.

The incisors are

triangular in cross section with rounded corners.

The anter-

ior surface of the upper incisor is flat and covered by orangebrown pigmented enamel.

The wider cementum covered medial and

lateral surfaces are slightly convex.

The anterior surface

of the lower incisor is convex and covered by orange-brown
enamel.
wider.

The medial and lateral cementum covered surfaces are
The medial surface is flat.

slightly convex.

The lateral surface is

The alveolar bone projects furthest incisal-

ly on the medial surfaces of the upper and lower incisors and
least on the anterior surfaces.
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The wear facet on the upper incisor is concave, nearly three times as long as wide, and faces posteriorly.

The

anterior surface of the incisor curves inferiorly and posteriorly.

The wear facet on the lower incisor is concave, nearly

five times as long as wide, and faces posterosuperiorly.

The

lower incisor projects anterosuperiorly from its socket.
The cheek teeth have short enamel covered crowns
exposed to the oral cavity and cementum covered roots embedded
in bony sockets.

The upper first molar has three buccal and

two palatal roots.

The upper second molar has two buccal and

two palatal roots.

The upper third molar has a mesiobuccal,

mesiolingual, and a distal root.

The lower first molar has

two buccal and three lingual roots.

The lower second and

third molars have three roots.
In both the upper and lower cheek teeth the first
molars are the largest and the third molars are the smallest.
The first molars have five cusps, the second molars four
cusps, and the third molars three cusps.

The cusps are ar-

ranged so that mediolateral ridges and grooves are formed.
The cheek teeth rows are parallel.

The upper molars

project inferiorly and slightly laterally, the lower molars
project superiorly and slightly medially.

J. craniomandibular Articulation
The craniomandibular articulation (Figs. 114,115,118
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is divided into a large upper compartment and a smaller lower
compartment by an articular disc that is interposed between
the squamosal bone and the mandible.

The articular surface

of the squamosal bone (Fig. 114) is a smooth, sagittal, semicylindrical groove which is approximately twice as long as
wide.

The groove slopes slightly inferiorly from anterior

to posterior.

The concave anterior border runs posterolater-

ally from the lateral surface of the neurocranium to the zygomatic arch.

The slightly concave posterior border runs antero

laterally from the neurocranium to the zygomatic arch.

Thus

the medial border of the articular surface is longer than the
lateral border.

The articular surface blends with the neuro-

cranium medially and the zygomatic arch laterally.
The articular surface of the condyle (Fig. 115) is
oval being approximately twice as long anteroposteriorly as
mediolaterally.

The edge of the articular surface is sharp

except at the posterior border.

The surface is markedly

convex mediolaterally and gently convex anteroposteriorly.
The highest point of its length is in the middle but slightly
closer to the medial edge.
The articular disc is also oval and slightly larger

.

than the articular surface of the condyle.

The disc is thick-

ened at the periphery and thins centrally.

The disc is fused

to the joint capsule.

The capsule of the upper compartment

102

is loose.

The capsule of the lower compartment is tighter

but allows some movement in all directions especialiy anteroposteriorly.

The lateral pterygoid muscle inserts into the

medial and anterior surfaces of the disc and capsule.
The joint capsule attaches to the edge of the articular surfaces.

The capsule is thin especially that of the

upper compartment.

4. Nandibular Symphysis
The mandibular symphysis in the rat is a moveable
joint similar to the symphysis described for the squirrel.
The superior edge of the symphysis is a dense ligament that
binds the two mandibles tightly together.

Inferiorly the

symphyseal surfaces of the mandibles diverge leaving a v-shaped
space tetween them that is occupied by large, thin walled
blood vessels (Fig. 9) with a minimum of connective tissue.
The inferior surface of the symphysis is covered ty a sheet
of dense connective tissue.

A dense ligament arises tilateral-

ly from the medial surface of the mandible just superior to
the posterior edge of the transverse mandibular muscle.

The

ligament passes anteromedially to form a V with the ligament
of the opposite side.

Fibers pass anteriorly from the point

of the V and blend with the sheet of dense connective tissue
on the inferior surface of the symphysis.

lOJ

5· Musculature (Figs.

119-128)

r1asseter Iviuscle
The masseter muscle (Figs. 119,120) in the rat is
divisible into four parts.

The anterior superficial head

(Fig. 119) arises as a slender tendon from the masseteric
tubercle on the lateral surface of the maxilla just posteroinferior to the infraorbital slit.

The muscle bundles diverge

rapidly to form a broad, thin sheet passing posteroinferiorly
superficial to the bulging deeper heads of the muscle.

The

superior fibers of the anterior superficial head insert into
the inferior border of the angular process.

The inferior

fibers wrap around the lower border of the ramus and insert
into the superior surface of the raised inferior edge of the
medial surface of the ramus and into a strip of the medial
surface of the mandible anterior to the insertion of the
medial pterygoid muscle.

The posterior superficial portion

of the masseter muscle (Fig. 119) arises from the inferolateral surface of the anterior root of the zygomatic arch and the
inferior border of the whole length of the zygomatic arch.
The fibers pass posteroinferiorly to insert into the whole
length of the raised lower edge of the lateral surface of the
ramus and posteriorly also into an adjacent area just superior
to the raised edge.
The anterior deep head (Fig. 120) arises from the

Jl';-----------..
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masseteric fossa on the lateral surface of the maxilla just
superior to the infraorbital slit.

This head passes . postero-

inferiorly into the anterior part of the orbit and then turns
inferiorly becoming tendinous near the insertion into the
anterior end of the lateral surface of the ramus below the
first mandibular molar.

The posterior deep head (F1g. 120)

arises from the inner surface of the whole length of the
zygomatic arch.

The fibers pass inferiorly except the more

posterior fibers which angle somewhat posteriorly and insert
into the remainder of the lateral surface of the ramus.

The

posterior part of the anterior superficial head is bound
tightly to the posterior superficial head.

The posterior

superficial head and the posterior deep head are bound tightly
together.

The superficial heads protrude and elevate the

mandible and also act to adduct the lower incisors.

The deep

heads act to elevate the lower jaw.
Temporal Muscle
The temporal muscle (Fig. 121) of the rat is extremely well developed.

The muscle arises from a well defined,

though restricted, temporal fossa on the lateral surface of
the neurocranium, and the orbital surface of the squamosal
bone.

The fibers arising from the temporal fossa pass antero-

laterally and then curve anteroinferiorly over the posterior
root of the zygomatic arch.

The fibers arising in the orbit
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run directly inferiorly.

The muscle inserts mostly by fleshy

attachment into the coronoid process, the anterior border of
the ramus, an adjacent strip on the medial surface of the ramus,
and by tendon into the groove between the cheek teeth and the
medial surface of the ramus.
The temporal muscle acts mainly to elevate the lower
jaw and assists the digastric muscle in retruding the mandible
especially from full protrusion.
:rvredial Pterygoid Muscle
·rhe medial pterygoid muscle (Fig. 122) is sfparable
into two heads.

The larger medial or deep head arises from

the pterygoid fossa and passes inferolaterally and slightly
posteriorly to insert into the lower two thirds of a depressed
triangular area on the medial surface of the ramus except
for the narrow anterior strip of the dpression into which
part of the anterior superficial head of the masseter muscle
inserts.

The lateral or superficial head arises by tendinous

attachment from the inferior edge of the lateral pterygoid
plate and passes inferolaterally and posteriorly to insert
into the upper one third of the depressed triangle on the
medial surface of the ramus.
The medial pterygoid muscle acts to elevate the lower jaw.

The lateral direction of the lateral head indicates

that it may also help to stabilize the condyle during abduction of the lower incisors.
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Lateral Pterygoid Muscle
The lateral pterygoid muscle (Fig. 123) arises from
the lateral surface of the lateral pterygoid plate and the
adjacent part of the surface of the sphenoid bone.

The fibers

pass posteriorly and slightly superolaterally to insert into
the medial and anterior surfaces of the mandibular neck and
the capsule and disc of the craniomandibular joint.
The lateral pterygoid muscle functions bilaterally
to protrude the mandible and . unilaterally in lateral excursions
Digastric Huscle
The digastric muscle (Fig. 124) is divided into a
shorter posterior belly and a larger and stronger anterior
belly by an intermediate constriction which is partly tendinous and partly fleshy.

The posterior belly arises from the

anterior surface, tip, and sides of the paroccipital tubercle.
The fibers pass anteriorly and slightly medially.

A tendon,

bound firmly to the hyoid bone, arches between the anterior
ends of the posterior bellies inferior to the hyoid bone.
The anterior belly arises from the tendinous arch and passes
directly anterior to insert into a roughened oval on the
inferior surface of the mandible slightly lateral to the
posterior end of the symphysis.

The anterior bellies are

fused except at their insertion where a slight cleft develops
between them.

l
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The digastric muscle acts chiefly to retrude the
mandible but may also act to position the hyoid pone in an
anteroposterior direction.
Transverse f/Iandibular Muscle
The unpaired transverse mandibular muscle (Fig. 125)
attaches bilaterally to the inferior border of the mandible
immediately posterolateral to the posterior end of the symphysis and just deep to the insertion of the digastric muscle.
The transverse mandibular muscle acts to invert
the mandibles and thus to abduct or spread the lower incisors.
fvlylohyoid Muscle
The mylohyoid muscle (Fig. 125) arises from the
mylohyoid line on the medial surface of the mandible from a
point slightly posterior to the cheek teeth to a point inferior to the middle of the first molar.
medially and slightly posteriorly.

The fibers run infero-

The anterior three fourths

of the muscle inserts into a median raphe while the posterior
fourth inserts into the body of the hyoid bone.
The mylohyoid muscle raises the floor of the mouth,
hyoid bone, and tongue.

The fibers attached to the hyoid

tone may assist in depressing the lower jaw if the hyoid bone
is fixed.
Transverse Palatine Muscle
The transverse palatine muscle (Fig. 126) arises as
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a premaxillary and a maxillary head.

The premaxillary head

takes origin from a median raphe inferior to the/ midline
suture joining the bodies of the premaxillae anterior to the
incisive foramen.

The fibers run laterally diverging anter-

iorly and posteriorly.

The maxillary head arises from a para-

sagitta! ridge on the maxilla anterior to and in line with the
palata! surface of the cheek teeth.

The fibers pass later-

ally and somewhat anteriorly to fuse with the superior surrace of the posterior fibers of the premaxillary head.

The

insertion is into the upper lip, corner of the mouth and
cheek and interdigitating with the fibers of the supramandibular muscle in the cheek.
Supramandibular Muscle
The supramandibular muscle (Fig. 127) arises from
the mediosuperior edge of the mandible from the posterior
end of the superior border of the symphysis posteriorly
nearly to the anterior end of the cheek teeth.

The muscle

passes laterally and slightly anteriorly to insert into the
corner of the mouth and cheek, and its fibers interdigitate
in the cheek with the posterior fibers of the transverse
palatine muscle.

The supramandibular muscles act together

with the transverse palatine muscles to adduct the fur
covered infoldings and thus to separate the atri1m and ora!
cavity proper.
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Abductor of the Infoldings
The abductor of the infoldings (Fig. 128) ·i n the
rat is an extremely thin, delicate muscle sheet.

The muscle

arises from the base of the ear cartilage and the dorsum of
the neck where it interdigitates with the muscle of the opposite side.

The fibers pass anteriorly over the lateral surface

of the masseter muscle and converge somewhat near their insertion over a broad area at the corner of the mouth.
The muscle acts to abduct the infoldings and thus
open the communication between the atrium and oral cavity
proper.

6. Feeding rwrovements
The rat uses the gnawing movement to shave off bits
of food that are then transferred to the oral cavity proper
by the tongue.

Chewing is rapid consisting of short medic-

lateral movements.

The rat does not open the jaws very far

during chewing nor are extensive lateral excursions used.
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CHAPTER V
DISCUSSION
The data presented are not sufficient for the formulation of a new taxonomy for the order Rodentia particularly
as no attempt was made to introduce or correlate paleontologic data.

However, a much better understanding of the inte-

grated structure and function of the feeding organ of the order Rodentia is possible and there is an indication that at
least the three major suborders have some validity.
The oral cavity of rodents consists of an atrium,
containing the incisors, and an oral cavity proper, containing the cheek teeth.

During gnawing the atrium is separated

from the oral cavity proper by fur covered infoldings.

These

infoldings are adducted by the synergistic action of the
transverse palatine and supramandibular musies.

Though the

premaxillary head of the transverse palatine muscles has been
previously described by Broman, the maxillary head of the
muscle has been overlooked until now.

The supramandibular

muscle was first described in the literature by Sciaky in
the rat but has not been demonstrated before in other rodents.
The gnawing movement is initiated by opening and
protruding the lower jaw.

Extensive protrusive movement is

made possible by the gliding of the small mandibular condyles
in the long grooves of the cranial surface of the joint.
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The anterior superficial heads of the masseter and the lateral pterygoid muscles function bilaterally in protrusion.

The

jaws are then closed bringing the incisors into edge to edge
contact from which the lower incisors either slide anterior
to the upper incisors, wearing and sharpening the lower incisors, or posterior to the upper incisors, wearing and sharpening the upper incisors.

The closing movement is accomplish-

ed by bilateral contraction of the deep heads of the masseter,
the medial pterygoid, and the anterior part of the temporal
muscle.
In all rodents superficial heads of the masseter
muscle pass posteroinferiorly or posteriorly and slightly
inferiorly from their origins.

Xhis is most important in the

protrusive movement of the mandible but also acts unilaterally
in lateral excursions.

The deep heads of the masseter muscle

usually pass posteroinferiorly from their origin so that even
in protrusive position they can function in elevating the mandible without tending to retrude the jaw.

However, in the

guinea pig, hamster, and rat the deep heads may assist in
retrusive movements.

The masse·ter muscles of the animals with-

in each suborder are similar and tend to substantiate the
classic grouping.
The lateral pterygoid muscle is positioned obliquely
posteriorly and slightly laterally and functions in protrusive

l
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movements, either unilaterally or bilaterally, except in squir·
rels as noted below.

/

In the beaver, porcupine, and hamster the lower
incisor is relatively more erect than in the other rodents
studied.

The more erect lower incisors do not require as

extensive an anteroposterior movement to maintain the bevel
and, thus, the cranial surface of the craniomandibular joint
is relatively shorter in these rodents than in those with
more procumbent lower incisors.

More erect lower incisors

would seem to allow for a more forceful gnawing movement.
This certainly is advantageous in the beaver and porcupine
with their diet of bark and branches.
Numerous rodents are able to spread their lower
incisors.

When the incisors are spread by inverting the

mandibles the· axis of rotation passes through the superior
border of the symphysis and the craniomandibular joint.
In these rodents the superior edge of the symphysis is a
dense ligament that binds the two mandibles tightly together
and acts as a hinge.

Inferiorly the symphyseal surfaces of

the mandibles diverge leaving a v-shaped space between them
that contains large, thin walled blood vessels.

Blood is

expressed from the vessels avoiding pressure and preventing
tissue damage when the symphyseal surfaces of the mandibles
are adducted and the lower incisors spread.
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The spreading of the incisors is brought about by
the action of the transverse mandibular muscle.

It is inter-

esting to note that this muscle is present, though reduced
in size, in rodents which cannot spread their incisors.

This

seems to indicate that the spreading movement was present in
primitive rodents and is a fundamental characteristic of
Rodentia which was subsequently modified and reduced in the
course of evolution.
The moveable symphysis is everted and the incisors
adducted by the superficial heads of the masseter muscle.
The superficial heads insert into the angular process, the
inferior portion of the body,and ramus of the mandible, and
the medial surface of the ramus.

They act not only to pro-

trude the mandibles but also have a lateral component of
force which thus acts to rotate the mandible laterally around
an axis which passes through the superior border of the symphysis and the craniomandibular joint.

It is interesting to

note that theruperficial heads of the masseter muscles which
evert the mandible also are principal muscles for protrusion,
and, thus, during protrusion in gnawing the lower incisors
are held firmly together.
The tree squirrel and ground squirrel are certainly
closely related and very similar.

However, the incisors are

much heavier in the tree squirrel where they are vaed
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to open nuts by spreading the lower incisors than in the
ground squirrel where the diet is much less demanding on the
incisors.
In correlation to this function of the incisors the
lateral pterygoid muscle is positioned in a frontal plane in
the squirrels to aid in stabilizing the condyle during spreading of the incisors.
The cranial surface of the craniomandibular joint
is broad and shallow in the squirrels.

In other rodents

capable of spreading the incisors the groove is narrower and
deeper and the lateral pterygoid muscle is positioned obliquely running posteriorly and slightly laterally.
that with a deeper, narrower groove

~scular

It appears

bracing of the

condyles is less important.
After bits of food are obtained by gnawing, the
incisors functioning in the closed atrium, the fur covered
infoldings are abducted by specialized muscles.

These muscles

are weaker than the adductors as the abductors do not work against any resistance and do not have to continue contraction
to maintain the position of the infoldings as the adductors
do. The abductor muscles of the infoldings have not been
previously described.

The knowledge that there are muscles

to adduct the infoldings led necessarily to the search for an
abductor.

Greene described a muscle in the rat, called by her
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the platysma, to which she did not ascribe a function.

This

may be the same as the abductor muscle of the infoldings.
In rodents with a pouch the retractor muscle of the pouch
seems largely to take over the abduction of the infoldings.
While previously described in the pocket gopher (Geomys and
Thomomys) its function relative to the infoldings was not
understood.
The retractor muscle of the pouch is found in some
species of two suborders, Scuiromorpha and Myomorpha.

First

described in the pocket gopher (a scuiromorph) by Hill, its
origin varies somewhat.

Hill described the origin "from

superficial layer of lumbodorsal fascia and from the spines
of the last two thoracic vertebrae". This is very similar to
the origin of the muscle in the hamster.

However, in the more

closely related ground squirrel the retractor muscle of the
pouch arises from the spine of the scapula.
The direction of the chewing movement is divided
along established subordinal groupings.

The sciuromorphs

and myomorphs studied chew with a mediolateral movement while
the hystricomorphs use primarily an anteroposterior movement.
Here, the groove of the craniomandibular joint is narrow and
limited by medial and lateral ridges.

Thus a well braced joint

is formed with movement more restricted than in sciuromorphs
and myomorphs.

r..--------_,.;,____,
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In correlation to the direction of the chewing movement and the craniomandibular joint the upper and lower cheek
teeth of rodents using a mediolateral movement in chewing
generally have interdigitating transverse grooves and ridges.
Those rodents chewing with an anteroposterior movement have
medial and lateral enamel infoldings which wear to make an
ideal milling surface.
The digastric muscles are well developed in rodents
and are important along with the temporal muscles in retruding
the mandible.

In hystricomorphs where the anteroposterior

movement is particularly important the digastric muscles are
only incompletely divided into anterior and posterior bellies
and have little or no attachment to the hyoid bone.

This

is especially true in the guinea pig where the temporal
muscle is poorly developed.

In the other suborders the

division into anterior and posterior bellies is more complete
and the anterior bellies are fused bilaterally.
In many rodents the temporal muscle arises not
only from the lateral surface of the neurocranium but additionally from the posterior wall of the orbit.

This addition-

al origin increases the strength of the muscle.

The coronoid

process projects superiorly well above the condylar process
in sciuromorphs and myomorphs.

This enables the temporal mus-

cle to have more retrusive pull.
In the guinea pig the craniomandibular articulation
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is at the level of the occlusal plane of the cheek teeth.
is the only rodent studied in which this occurs.

This

SUch an ar-

rangement is usually seen only in animals where the premolars
and molars function in shearing, e.g. in carnivores.

Since

such a function does not apply to the guinea pig the significance of this finding is not known.
In all of the rodents studied the bilateral grooves
of the craniomandibular joints converge slightly anteriorly.
This necessitates a slight narrowing of the distance between
the condyles in protrusive movements.

Though the degree of

mobility varies, a moveable symphysis is present in all rodents
and allows adjustment in the distance between the condyles.
The convergence of the grooves may serve to tense the collagenous fiber bundles in the symphysis, and thus brace the symphysi
during gnawing.
The medial pterygoid muscle is sometimes separable
into two heads.

This was noted in the ground squirrel, beaver,

porcupine, and rat and thus cuts across the classic three subordinal groupings.
in all rodents.

This muscle acts to elevate the mandible

In the guinea pig where the angular process

of the mandible extends far posteriorly and the posterior
fibers of the medial pterygoid muscle angle anteroposteriorly
the muscle may also act in protruding the lower jaw.
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CHAPTER VI
SUf1f1ARY and CONCLUSIONS
It was the purpose of this investigation to make
an integrated study of the structure and function of the feeding organs, namely jaws, teeth, muscles, craniomanditular
articulation, and symphysis, in various rodents and compare
the adaptations in different rodents.

The animals studied

in.cluded tree squirrel, ground squirrel, teaver, guinea pig,
porcupine,

hamster~

and rat.

Detailed descriptions of their

skulls, dentition, craniomandibular joints, symphysis, and
feeding muscles were presented along with observations on
living animals during feeding.
The oral cavity of rodents is divided into an atrium
and an oral cavity proper by fur covered infoldings.

The

infoldings are adducted ty the transverse palatine and supramanditular muscles and a"tducted by the abductor muscle of the
infoldings, the retractor muscle of the pouch, or both.

The

maxillary head of the transverse palatine and the abductor of
the infolding have not been previously described and new data
are presented on the supramanditular and retractor muscle
of the pouch.
Extensive anteroposterior movement so important for
gnawing and in some rodents chewing is achieved cy specialized craniomandibular joints and muscles.

The lateral ptery-

r
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goid and superficial heads of the masseter muscles function
bilaterally in protrusion and unilaterally in lateral excursions.

The deep heads of the masseter muscles are usually

positioned so as to be able to elevate the lower jaw while
it is protruded without hav·ing a retrusive effect also.

How-

ever, in the guinea pig, hamster, and rat the deep heads may
assist in retrusion.

The masseter, medial pterygoid, and

anterior portion of the temporal muscles all aid in elevating
the lower jaw.

The temporal and digastric muscles are special·

ly positioned and generally well developed to accomplish the
retrusive movement.

The hyoid musculature, which is much

weaker than the elevators as it does not function against
resistance, depresses the mandibles.
Mobility of the symphysis seems to be a primitive
characteristic of rodents.

Numerous rodents, probably includ-

ing the early rodents, have the ability to invert the mandi'bles and spread their lower incisors.

Some mobility is also

necessary to accomodate the decrease in intercondylar distance
due to the anterior convergence of the grooves of the cranial
surface of the craniomandibular joints.

The transverse man-

di'tular muscle is present in all rodents whether or not they
can spread their incisors.

In squirrels the lateral ptery-

goid muscle stabilizes the condyle during spreading of the
incisors.
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l

The direction of chewing and morphology of the
masseter and digastric muscles as well as numero:u.s skull
characteristics tend to substantiate the classic three subordinal groups.

However, the morphology of the medial ptery-

goid muscle and retractor muscle of the pouch, and the degree
of mobility of the symphysis cut across the classic groupings.
The order Rodentia is the most diverse and widespread of all mammalian groups.

As such it has adapted to

numerous and variea niches in all ty.pes of climates.

such

diversity results in numerous specializations and modification
more of which should be investigated.

However, the basic

character of the rodent feeding organ persists in the rodents
studied and probably throughout Rodentia.

r~--------------------~--
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Figure 1. Lateral view of tree squirrel skull

Figure 2. Anterior view of tree squirrel skull
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Fl_gure

J. Superior view of tree squirrel cranium

Figure 4. Inferior view of tree squirrel cranium
Note the wide, shallow groove of craniamandibular joint.
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Figure

5· Superior view of tree squirrel mandible

Figure 6. Lateral view of tree squirrel mandible
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F~gure

7. Medial view of tree squirrel mandible

Figure 8. Lateral roentgenogram of sagittally cut
tree squirrel head
Note position of the bases of the incisors.

130

..
F~gure

~

l

,,

9. TWo photomicrographs (x25) of portions of
mandibular symphysis in rodent capable of
spreading the lower incisors. Views are
.from rat symphysis. Left photomicrograph
shows area near superior edge of symphysis
where a thin walled blood vessel occupies
nearly all the space between two mandibles.
Right photomicrograph shows area near inferior border of symphysis with large blood
vessels and some loose connective tissue
occupying space between mandibles.

Figure 10. Lateral view of tree squirrel head dissected
to show masseter muscle. Pointer under anterior superficial head of masseter muscle
near its origin.
A. Anterior superficial head of masseter
muscle. Note posterior and slightly
inferior direction of muscle fibers.
B. Posterior superficial head of massete
muscle. Note posteroinferior direction of muscle fibers.

lJl

Figure 11. Lateral view of tree squirrel head dissected
to show deep head of the masseter muscle.
Note inferior and slightly posterior direction of muscle fibers.

Figure 12. Lateral view of tree squirrel head dissected
to show temporal muscle.
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Figure 13. Medial view of a sagittally cut tree
squirrel head dissected to show the medial
pterygoid and masseter muscles. Note a
bundle of the masseter muscle wrapping
around the inferior border of the mandible
and inserting into the medial surface of
the ramus •
.,
A. Medial pterygoid muscle
B. Nasseter muscle

Figure 14. Inferior view of sagittally cut tree
squirrel head dissected to show lateral
pterygoid muscle. Note the nearly lateral direction of the lateral pterygoid
muscle.
A. Lateral pterygoid muscle

1.33
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F.igure 15. Inferior view of tree squirrel head dissected to show the digastric muscle
Note fused anterior bellies.
A. Anterior belly of the digastric
muscle
B. Posterior belly of the digastric
muscle
.::.

Figure 16. Inferior view of tree squirrel lower jaw
dissected to show transverse mandibular
and mylohyoid muscles. Pointer is under
posterior border of transverse mandibular
muscle.
A. Transverse mandibular muscle
B. ff.tY lohyoid muscle
c. Hyoid bone
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Figure 17. Tree squirrel head dissected to show the
transverse palatine muscles.
A. Premaxillary head of transverse
palatine muscle.
B. Maxillary head of transverse palatine
muscle.

Figure 18. Superior view of tree squirrel lower jaw
dissected to show supramandibular muscles.
A. Supramandibular muscle

lJ5
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Flgure 19. Lateral view of tree squirrel head dissected to show abductor muscle of the infolding
and elevator muscle of the upper lip. ·
A. Abductor muscle of the infolding
B. Ear

c.

Elevator muscle of the upper lip

.:

Figure 20. Lateral view of ground squirrel skull
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Figure 21. Anterior view of ground squirrel skull

Figure 22. superior view of ground squirrel cranium
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F~gure

23. Inferior view of ground squirrel cranium

Note wide, shallow groove of craniomandibular joint •

•
Figure 24. Superior view of ground squirrel mandible
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F~gure

25. Lateral view of ground squirrel mandible

Figure 26. Medial view of ground squirrel mandible
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~igure

27. Lateral roentgenogram of sagittally cut
ground squirrel head. Note position of
bases of the incisors.

Figure 28. Lateral view of ground squirrel head dissected to show masseter muscle. Pointer
under anterior superficial head of masseter muscle near its origin.
A. Anterior superficial head of masseter muscle. Note posterior and
slightly inferior direction of muscle fibers.
B. Posterior superficial head of masseter muscle. Note posteroinferior
direction of muscle fibers.
c. Deep head of masseter muscle
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F.igure 29. Lateral view of ground squirrel head dissected to show deep head of masseter muscle. Note inferior and slightly posterior
direc~ion of muscle fiters.

Figure JO. Lateral view of ground squirrel head dissected to show temporal muscle.
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.Figure 31. Hedial view of a sagittally out ground
squirrel head dissected to show the medial
pterygoid and masseter muscles. Note a
bundle of the masseter muscle wrapping
around the inferior border of the mandible
and inserting into the medial surface of
the ramus.
A. Medial pterygoid muscle
'-':
B. Masseter muscle

Figure 32. Inferior view of sagittally out ground
squirrel head dissected to show lateral
pterygoid muscle. Note the nearly lateral direction of the lateral pterygoid
muscle.

p
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F~gure

JJ. Inferior view of ground squirrel head

dissected to show the digastric muscle.
Note fused anterior bellies.
A. Anterior belly of the digastric
muscle
B. Posterior belly of the digastric
muscle

Figure J4. Inferior view of ground squirrel lower
jaw dissected to show transverse mandibular and mylohyoid muscles. Pointer is
under posterior border of transverse
mandibular muscle
A. Transverse mandibular muscle
B. Mylohyoid muscle
c. Hyoid bone
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Figure 35. Ground squirrel head dissected to show
the transverse palatine muscles.
A. Premaxillary head of transverse
palatine muscle
B. Maxillary head of transverse
palatine muscle

Figure J6. Superior view of ground squirrel lower
jaw dissected to show supramandibular
muscle.
A. Supramandibular muscle

145

Lateral view of ground squirrel dissected
to show retractor muscle of the pouch • .
A. Retractor muscle of the pouch
B. Pouch

Figure 38. Lateral view of ground squirrel head dissected to show elevator muscle of the upper lip .
A. Elevator muscle of the upper lip

,

146

Figure

J9. Lateral view of beaver skull

Figure 40. Anterior view of beaver skull
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Figure 41 . SUperior view of beav·er cranium

11

Figure 42 . Inferior view of beaver cranium

I
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Figure 4J. superior view of beaver mandible

Figure 44. Lateral view of beaver mandible
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Fig~re

45. Medial view of beaver mandible

Figure 46. Lateral roentgenogram of sagittally cut
beaver head. Note position of bases of
incisors.

Figure 47. lateral view of beav·er head dissected to
show masseter muscle.
.
A. Anterior superficial head of masseter. Note muscle fi~ers pass posteriorly and slightly inferiorly.
B. Posterior superficial head of
masseter muscle. Note muscle fibers
pass posteroinferiorly.
c. Deep head of masseter muscle
D. Temporal muscle

Figure 48. Lateral view of beaver head dissected to
show deep head of masseter muscle. Note
muscle fibers pass inferiorly and slightly posteriorly.
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Figure 49. Lateral view of beaver head dissected to
show temporal muscle •

.)

Figure 50. rJJ:edial view of sagittally cut head of
beaver dissected to show medial pterygoid
muscle .
A. Medial pterygoid muscle
B. Anterior superficial head of masseter muscle wrapping around lower
border of mandible and inserting
on medial surface.
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Figure 51. Inferior view of sagittally cut head of
beaver dissected to show lateral pterygoid
muscle. Note oblique direction of muscle.

Figure 52. Inferior view of beaver head dissected
to show digastric muscles. Note digastric
muscles are well developed and the anterior bellies are fused.
A. Anterior belly of digastric muscle
B. Posterior belly of digastric muscle

...
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53· Inferior V'iew of beaV'er head dissected to
show transverse mandibular and mylohyoid
muscles. Small pointer under posterior
. edge of, transverse mandibular muscle.
Large pointer under posterior edge of
mylohyoid muscle.
A. Transverse mandibular muscle
B. Mylohyoid muscle

Figure

54. Beaver head dissected to show transV'erse
palatine muscle. Note well deV'eloped
maxillary head of transverse palatine
musele.
A. Premaxi,llary head of transverse
palatine muscle
B. Maxillary head of transverse
palatine muscle
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Figure

55. Superior view of beaver lower jaw dissected
to show supramandibular muscles.
A. Supramandibular muscle

Figure

56. Lateral view of beaver head dissected to
show abductor muscle of the infoldings.
~~o pointers are under the superior edge
of the muscle. One pointer is under the
inferior edge of the muscle near the
insertion.
·
·
A. Abduct0r muscle of the infolding
B. Ear
c. Area of insertion
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Figure 57. Lateral view of guinea pig skull

Figure 58. Anterior view of guinea pig skull
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59. Superior view of guinea pig cranium

Figure 60. Inferior view of guinea pig cra.nium
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61. Superior view of guinea pig mandible

Figure 62. Lateral view of guinea pig manoible
Note articular su face of condyle at level
of occlusal plane of cheek teeth.

I
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F~gure

63. J:.1 edial view qf gu~nea pig mandible

Note posterior projection of ·angular
process.

Figure· 64. lateral roentgenogram of sagittally cut
guinea pig head. Note position of bases
of incisors.
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Photomicrograph (x25) of guinea pig symphysis. Note oblique bands of collagen
fibers attaching two mandibles.
A. Left mandible
B. Right mandible
c. Oblique band of collagen fibers

Figure 66. Lateral view of guinea pig head dissected
to show masseter muscle.
A. Superficial head of masseter
muscle. Note posterior and slightly
inferior direction of muscle.
B. Part of deep head of masseter muscle
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67. Medial view of sagittally cut guinea pig

head dissected to show part of superficial
head of masseter muscle inserting on medial surface of ramus.
A. Masseter muscle
B. Area of insertion of medial pterygoid muscle

Figure 68. Lateral view of guinea pig head dissected
to show deep head of masseter muscle.
A. Deep head of masseter muscle
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69. Lateral view of guinea pig head dissected
to show temporal muscle. Note poor development of temporal muscle.

Figure 70. Medial view of sagittally cut guinea pig
head dissected to show medial pterygoid
muscle.
A. Medial pterygoid muscle
Note posteroinferior direction
of posterior muscle fibers.

/
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Figure 71. Inferior view of sagittally cut guinea pig
head dissected to show lateral pterygo,i d
muscle.
A. Lateral pterygoid muscle
B. superficial head of masseter muscle
wrapping around inferior border of
ramus

Figure 72. Il'f edial view of sagittally cut guinea pig
head dissected to show digastric muscle.
Note that the digastric muscle is well
developed. While superficially tendinous
in the middle of its length, it is not
divided into anterior and posterior b ellies.
A. Digastric muscle
B. Masseter muscle wrapping around
inferior border of the mandible.

~
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Figure 73. Inferior view of lower jaw of guinea pig
dissected to show transverse mandibular
and mylohyoid muscles. Note rudimentary
transverse mandibular muscle.
A. Transverse mandibular muscle
B. JVIY lohyoid muscle

Figure 74. Guinea pig head dissected to show transverse palatine muscles.
A. Premaxillary head~ transverse
palatine muscle
B. Maxillary head of transverse
palatine muscle

., ..
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Figure 75. superior view of guinea pig lower jaw dsisected to show supramandibular muscles •.
A. Supramandicular muscle

Figure 76. Lateral view of guinea pig head dissected
to show abductor muscle of the infolding.
Two pointers are under the superior edge
of the muscle. One pointer is under the
inferior edge of the muscle at its insertion.
A. Atductor muscle of the infolding
B. Ear

'
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F.igure 77 . Lateral v-iew of porcupine skull

Figure 78. Anterior v-iew of porcupine skull
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79. Superior view of porcupine cranium

Figure 80. Inferior view of porcupine cranium

~

.

167

Figure 81. Superior view of porcupine mandible

'

82. Lateral view of porcupine mandible

It

't
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8J. Medial view of porcupine mandible

Figure 84. Lateral roentgenogram of sagittally cut
porcupine head. Note position of bases
of incisors.

Figure 85. Lateral view of porcupine head dissected
to show masseter muscle.
A. Superficial head of masseter muscle
Note posterior and slightly inferior direction of muscle.
B. Deep head of masseter muscle
c. - Temporal muscle
D. Elevator muscle of the upper lip
E. Interdigitation of transverse
palatine and supramandibular muscles

Figure 86. Lateral view of porcupine head dissected
to show deep head of masseter muscle.
A. Deep head of masseter muscle
B. Temporal muscle

.,
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Figure 87. Lateral view of porcupine head dissected
to show temporal muscle
A. Temporal muscle

Figure 88. Medial view of sagittally cut porcupine
head dissected to show medial pterygoid
muscle. Note posteroinferior direction of
muscle
A. Medial pterygoid muscle
B. Supramandibular muscle arising from
superior surface of mandible
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Figure 89. Inferior view of sagittally cut head of
porcupine dissected to show lateral pterygoid muscle. Note oblique direction of
muscle.

Figure 90. Inferior view of porcupine head dissected
to show digastric muscles. Note digastric
muscles are well developed. Also right and
left muscles are separated, and the muscle
has anterior and posterior bellies.
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91. Inferior view of porcupine head dissected
to show transverse mandibular and mylohyoid
muscles. Note mylohyoid muscle is incomplete at its anterior end as trans"mandibular muscle is derived from mylohyoid
muscle.
A. Transverse mandibular muscle
B. Geniohyoid muscle
c. Mylohyoid muscle
D. Hyoid bone

Figure 92. Lateral view of porcupine head dissected
to show abductor muscle of the infolding.
A. Abductor muscle of the infolding
B. Ear

c.

Elevator muscle of the upper lip
D. .rvra sseter muscle

~I

'
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Figure 93 . Lateral view of hamster skull

•

Figure 94 . Anterior view of hamster skull

;
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Figure 95· Superior view of hamster cranium

Figure 96. Inferior view of hamster cranium

,
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Figure 97. Superior view of hamster mandibles

Figure 98 . Lateral view of hamster mandible
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Figure 99. Medial view of hamster mandible

Figure 100. Lateral roentgenogram of sagittally cut
hamster skull . Note position of base of
incisors .

i
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Figure. 101. Lateral view of hamster head dissected
to show masseter muscle. Pointer is under
the superior edge of the anterior superficial head of the masseter muscle near
its origin.
A. Anterior supenlcial head of masseter muscle. Note posterior and
slightly inferior direction of
muscle fibers.
B. Posterior superficial head of
masseter muscle
c. Deep portion of masseter muscle

Figure 102. Lateral view of hamster head dissected
to show posterior d~ep head of the mas seter muscle.
A. Posterior deep head of masseter
muscle
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103. Lateral view of hamster head dissected
to show temporal muscle.
A. Temporal muscle

Figure 104. }1edial view· of sagittally cut hamster
head dissected to show medial pterygoid muscle.
'
A. Medial pterygoid muscle . Note
posteroinferior direction of muscle .
B. Anterior superficial head of mas seter muscle inserting on medial
surface of ramus

, ·"'
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Figure 105. Inferior view of sagittally cut hamster
head dissected to show lateral pterygoid muscle. Note posterolateral direction of muscle.
A. Lateral pterygoid muscle

Figure 106. Inferior view of hamster head dissected
to show digastric muscles.
A. Posterior belly of digastric
muscle
B. Anterior belly of digastric
muscle
Note muscle fibers crossi -ng between anterior bellies.
}'

•
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Figure 107. Inferior view of lower jaw of hamster
dissected to show transverse mandibular
and mylohyoid muscles.
A. Transverse mandibular muscle
B. Mylohyoid muscle
c. Hyoid bone

Figure 108. Hamster head dissected to show transverse
palatine muscles. Pointer on left side
under maxillary head of muscle. Pointer
on rig§t side under posterior edge of
premaxillary head. Note transverse palatine muscle blends into superior wall
of pouch.
A. Premaxillary head of transverse
palatine muscle
B. Maxillary head of transverse
palatine muscle
C·. Superior wall of pouch
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Fxgure 109. Superior view of lower jaw of hamster
dissected to show supramandibular muscle !
A. Supramandibular muscle

Figure 110. Lateral view of hamster dissected to
show pouch, retractor muscle of pouch,
and abductor muscl~ of infolding .
A. Pouch
B. Retractor muscle of pouch
c. Abducto~ muscle of infoldi ng
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. Ftgure 111. Lateral view of rat skull

Figure 112. Anterior v·i ew of rat skull

,
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Figure 113. Superior view of rat cranium

Figure 114. Inferior view of rat cranium
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¥igure 115 . Superior view of rat mandible

Figure 116 . Lateral view of rat mandible

,

r
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Figure 117. Medial v-iew of rat mandible

Figure 118. Lateral roentgenogram of sagittally cut
rat skull. Not~ position of bases of incisors.

.....
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Figure 119. Lateral view of rat head dissected to
show masseter muscle. Pointer is und~r
superior edge of anterior s~perficial
head of masseter muscle.
A. Anterior superficial head of
masseter muscle. Note posterior
and slightly inferior direction
of muscle fibers.
B. Posterior superficial head of
masseter muscle
c. Deep portion of masseter muscle

Figure 120. Lateral view of rat head dissected to
show deep portion of masseter muscle.
A. Posterior deep head of masseter
muscle. Note inferior and slightly
posterior direction of muscle fibers.
B. Anterior deep head of masseter muscle at its origin
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·Figure 121. Lateral view of rat head dissected to
show temporal muscle.

Figure 122. Medial view of sagittally cut rat head
dissected to show medial pterygoid muscle.
A. Medial pteryg~id muscle
B. Anterior superficial head of masseter
muscle wrapping around inferior b order of mandible to insert into medial surface of ramus

..

188

Figu~e

l2J. Inferior view of sagittally cut rat head
dissected to show lateral pterygoid muscl~.
A. Lateral pterygoid muscle
Note oblique direction of muscle.

Figure 124. Inferior view of rat head dissected to
show digastric muscles. Note well developed digastric muscles and fused anterior
bellies.
A. Anterior belly of digastric muscle
B. Posterior belly of digastric muscle
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Figur.e 125. Inferior view of lower jaw dissected to
show mylohyoid and transverse mandibular
muscles. Pointer is under posterior edge
of transverse mandibular musc.le.
A. tJiy lohyoid muscle
B. Transverse mandibular muscle
c. Hyoid
bone
'
.

Figure 126. Rat head dissected to show transverse
palatine muscle. ~ight pointer under
maxillary head of transverse palatine
muscle.
A. Premaxillary head of transverse
palatine muscle
B. f/Iaxillary head of transverse
palatine muscle
·;./·-
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Figure 127. Superior view of lower jaw of rat dissected to show supramandibular muscle.
A. Supramandibular muscle

Figure 128. Lateral view of rat head dissected to
show abductor muscle of infolding.
A. Abductor mu~cle of infolding
B. Ear

c. Insertion of abductor muscle of
infolding

/
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