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INTRODUCTION

The growth of the mandible following injury has been the subject of many
studies. It 1s well known that the condyle is the most important growth
center of the mandible in primates. The literature concerning this tople is
sxtensive.

In some of these studies monkeys have been used because of the close
anatonic relation of their temporomandilular joint to that of man.

The stwdies huve included many different experimental procedures.
Usually the results of these studies are contraversial. In particular, many
sargically induced injuries to the condyle of the monkey have bLeen reported
after relatively short periods of post surgicsl survival time.

The purpose of this experiment is to study after one year the gross and
histologic changes in the jaws of young Macasca rhesus monkeys subjected to:

A, Intracapsular subeondylar fracture and displsosment of the
oondyle.

Be. Condylestomy.

C. Subsondylar fracture of the mandible with reduction and trans-
ossecus wire fixation.

The information gained in this experiment may lead us more fully to under;
stand the complications of growth and development of the injured mandible in

humans, particularly ohildren.




LITERATURE REVIEW

Stuteville and Jarabak in 1952, resected the condyle unilaterally in a
monkey. The condyle was reduced and fixed by means of a& vitallium plate. 3ix
months after surgery the animal was saorificed. The condyle was found to be
growing normally. There was good fusion and healing in the fracture site and
an overgrowth of bone partially obscuring the vitallium plate. There was no
evidence of ankylosis and the artioular eminence was normal, No change in
ineisal or occlusal relation of the mandible was present.

In 1954 Jarabak surgically removed the mandibular condyles in a young
monkey. The monkey was sscrificed twelve months after surgery. Jarabak found
that after the removal of the mandibular condyle from its fossa, a new fossa
had developed on the artiocular eminence in response to the function of the
stump., At the site of reseotion some bone opposition was present and there
was & hinge joint formed., There was an inorease in depth of the antigonial
notoh and the angle of the mandible was more aoute. The operated monkey also
had a loss of incisal relation caused by the depression of the most posterior
molar inte the alveolar bone after condylectomy.

In 1957 Sarnat resected the condyle in a group of young Macaca rhesus
monkeys. The animals wers sacrificed after a period of twenty-five to thirty.
five months of postoperative experimental time.

In these animals the mandible was not ankylosed. The animals whish
sastained bilateral condylectomy had a loss of incisal relation while some of
the animals which sustained unilateral comdylectomy showed a deviation of the
mandible to the effected side. All of 3arnat's monkeys demonstrated a thiocke
ened false condyle functiorming anterior to the glenoid fossa with one exsep-
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tion. This was one unilaterally coniyleotomized anmimal which showed a mandi.
bular amputation site with no evidence of cartilage being replased by bone,
ne articular dise, but only a fibrous tissue joint.

In most of Sarnat's animals the glencid fossa was shallower and the post.
glenoid process was shorter than normal. The coronoid process extended above
the gygomatic arch while the ramas was shorter with no true sigmoid notch.
There was a deorease later in the mandibular angle and the height of the body
of the mandible. Also, the antigonial notch was accentuated.

Boontgonographﬁ in these monkeys showed a more radiolucent ramus and a
reorientated trabecular pattern.

HEuerlin, Gans and Stuteville in 1961 produced condylar fractures in four
asdult monkeys (Macacs rhesus). Two monkeys sustained billateral fractures and
the other two sustained unilateral frastures. The monkeys were saorificed
twelve months after surgery. After saorifice the following skeletal changes
were seen: The umilaterslly operated animals showed facial assymetry while the
bilaterally operated animels demonstrated symmetriocal deformities.

Skeletal changes ocourring in the affected side of the animals with uni.
lateral fractures ineluded an anterior repesitioning of the new temporomandi-
bulsr jeint, a decrease in the height of the maxilla and mandible in the molar
ares, a deorease in the height of the ramms, an insrease in the elevation of
the coronoid process above the level of the aygomatie arch, a disarrangement
of the trabecular pattern in the ramus, a flattening of the articular eminence
and 2 reduction of the depth of the glenoid fossa.

In the bilaterally operated animals the skeletal changes on both sides
were a decrease in the faclal height, an anterior repositioning of the tempo.
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romandibular joint, a decrease in the gonial angle, height of the ramus,
height of the alveolar ridge in the maxillary molar region, and a decrease in
the height of the glenoid fossa. These anlmals also demonstrated an elevation
of the coroncid process above the level of the sygomatic arch, a disarrange-
ment of the trabecular pattern in the ramus, a {lattening of the artioular
eminence snd an anterior less of incisal relation.

In 1960 Walker produced frascture dislocations of the mandibular condyle
in nine Macaoa rhesus monkeys. Using a submardibular approash to the area of
surgery, he unilaterally or bilaterally fractured the mandibular necks and
displaced the condylar fragment in an anterior and medial direction. In
three animals which sustained unilateral mandibular sirgery ths fracture
fragments were reduced and fixed with transossecus wires, Intermaxillary
fixation was used on one operated animal. Antero-posterior radiographs of the
oo&yloa‘ wore taken preoperatively, postoperstively and at the time of
sscrifice, sixteen to twenty months after surgery.

Walker found & funotional, growing, articulating condyle on the operated
mandibles. No loss of imcisal relation or deviation of the mandible was seen.
A higher reattachment of the massetar muscle exsept in the animal with inter-
maxillary fixation, and no significant changes in growth of the mandible
exoept for a decrease in the antero-posterior width of the ramms associated
with the operated condyles was reported.

In a later study Walker unilaterally frastured the condyles of four
young monkeys. Following surgery the jaws of all four animals were immobili.
ged with intersaxillary fixation. The animals were sacrificed twelve months
after surgery, and demonstrated a thickened tut functioning eondyle in an
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upright position within the artioular area. Microscopic sections of these
condyles demonstrated a distinot fibrous cevering, zone of cartilage, zone of
ossification and bone in the usual anatomie order,

In 1965 Kaszala conducted a study using siz Macaca rhesus monkeys. Three
monkeys sastained unilateral, and three monkeys sustained bilateral subocondy-
lar fractures of the mandible. No attempt was made to reduce or fix the frace.
ture sites. Two monkeys, one umilateral fracture and one bilateral fracture,
were saorificed twe months after surgery, two at four months and two at six
months., Ksoczala compared the experimental results to two control amimals.

Kacsala concluded that all intracapsular subeondylar fractures of the
mandible heal if well aligned, even though the fracture fragments were not
reduced or fixed.

A medio-lateral widening coscurred at the healing site. Endochomdral bone
formation persisted in all eeadylog exvept one. In this amimsl a pseudoar-
throsis ocourred at the fracture site. A loss of incisal relation oecurred in
two animals with bilsteral suboondylar fractures.

In 1965 Guocione conducted a study using eight Macaca rhesus monkeys.
Mandibular unilateral condylectomies were performed on three monkeys and
bilatersl condylectomies were performed on three monkeys. A pair of monkeys,
one unllaterally operated and one bilateral, was sacrificed at four months,
six months, and eight months. The two control animals were saocrificed at six
months and eight months. He found that all the ammals were sble to masticate
their normal diet within three days. A loss of inoisal relation of 1 ma. was
observed in all bilaterally operated animals and a deviation of the mandible
was observed in one unilaterally eperated animal and one bilaterally operated
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animal. All of the amputation zites produced a new condyle.like structure
which was functional and contained the histologie structures of a normal
condyle. When the mandible of the operated animals were compared to the
control animals the measurements did not differ significantly.

In 1965 Zielinski, using three monkeys aged twelve, fifteen, and seventy.
two months studied the normal masticatory apparatus of the Macaca mlatta
monkey. A gross dissestion of the mascles of mastication and temporomandibue.
lar joint was performed on two animals ard s histologlo study of the condylar
endochondral growth center was performed on the third monkey. A detalled
description of the skall, temporomandibular joint, muscles of mastiocation and
permanent dentition was pressnted. The mastlcatory apparatus of the monkey
was then sompared to that of man.

In 1964 Dingman and Natvig gave a detailed desoription of the preauri.
oular approash to fractures of the mandibular condyls.

They stated that "an auriculo-temporal incision is carried to the paroc.
tidecmasseteric and temporal fascial. A flap is made en this level and the
tissues are retrasted forward. The comdyle or the fossa can be palpated bene
sath the fascia. The fasoia 1s inolised horizontally over the cygama, and the
incision is carried downward and backward on a line corresponding to the
posterior margin of the mandible. Blunt dissection of the deeper structures
leads to exposure of the condyle.*!

1. BNatvig, Panl, and Dinghan, Reed 0. Surgery of Facial Fractures. Philadel.
phi“ The &oBt W'X" Go.. i96*h




MATERIALS AND METHODS
EXPERTMENTAL PLAN

Seven Macaca Rhesus monkeys, five males and two females, were used in
this invntigatien.’ Estimations made from the weight, palm length, orown
mamp measurement and dental age indicated that these animals were between
eightesn and twenty months of age at the beginning of the experiment.

The animals were hougsed in stainless steel animal cages and maintained
with dry monkey bisouits® once a day, plus bananas and oranges injected with
6 ml, of vitamin mpplnont.:’

Briefly, the design of the experiment was as follows: The six animals to
be operated were divided into three pairs. Intracapsular subcondylar frac.
tures were produced on four monkeys. In one pair of animals, numbered two
and four, the fraotures were reduced and fixed by interosseous wiring. The
fractured condyles of the other palr, numbered one and six, were displaced
and without reduction or fixation the site of surgery was closed. Condylec-
tomles were performed on monkeys mumbered three and five. One animal in each
pair was subjeocted to unilateral surgery and the other to bilateral surgery.
Animel mamber six was operated two months later than the other five and
therefore, was saorificed after a ten month postoperative experimental period.
The other animals, including the one unoperated animal vhich served as a
ocontrol, were sacrificed after a twelve month postopsrative experimental
period.

1. The animals were obtained from Shamrock Farms, Ine., Middletown, New York.

2, Rookland Primate Diet, Teklad Ine,, Mormeuth, Illineis.
3. Vi.Daylin Drops, Ross Laboratery, Columbus, Ohio.

8




PRE~EXPERIMENTAL PREPARATION AND ANESTHESIA

In preparation for surgery a squeese cage was used to remove the animals
from their resident cages. The animals were weighed and the dosage of anes-
thetic to be used was caloulated. Anesthesia was obtained by injecting 1 e
of a 5 mg./co coneentration of phenobarbital soddum in a diluent composed of
aloohel, 104, propylens glysol, 20%, and sterile water for each 5 pounds of
wodght.! Using a 25 gauge needle the anesthetic sgent was introduced into the
Saphenous vein. In some instances it was necessary to supplement the original
injectlon due to the variable reaction of the animals to the anesthetic, and
variations in the length of the experimental procedure.

Preoperative records of the weight, hand length and orown rump length
were recorded, and the sex of each animal was noted. The hand length was mes-
sured from the tip of the third finger to the proximal edge of the hypothenar
eninence, and the orown rump length was measured from the base of the tail to
the top of the sknll. Using an autopolymerizing methyl methacrylate synthetic
nsin,z impressions of the dental arches were taken. These were used later to
determine the status of the dentition. Right and left lateral head films and
antero-posterior cephalametric roentgenographs were taken.

A cophalostat was used to hold the animal during radiographic procedures.
Medical xeray film in an 8 x 10 cassette with a double intensifying sereen
vas used.’ 4 dentel x-ray umit set at 115 K.V.P. and 15 ma. was used to
expose the film for three-fourths of a second. The target to film distance
¥as thirty-nine inches. The above desoribed determinations of growth and
1. Nembutal Sodium, Abbott laboratories, North Chisago, Illinois.

2. Ontray Quick-Cure Asrylie, William Getsz, Ine.
3. Eastman Kodak Co., Roohuior. New Iark.'
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recovery wers repeated every two months fro a period of one year.

EXPERIMENTAL SURGERY

The monkey was positioned on the animal operating table and the area of
surgery was shaved. The monkey's face and neck were scrubbed from the clavi.
cles to the eye and from the ear to the midline of the face. The animal was
then covered with sterile drapes exposing only the area of surgery, Sterile
technic was observed during the experimental surgery. An"surieulo.temporal
incision® as deseribed by Dingman was made with a mumber 15 Bard-Parker blade.
The inoision was carried to the depth of the parotideomasseteric fasvia. By
blunt dissection the capsule of the joint was exposed. An inocision was made
through the lateral aspect of the capsule and parallel to its fibers.

3ix monkeys were subjescted to experimental fracture through the neck of
the mandible with a 701 tapered fissare bur in a surgieslly prepared dental
handpiede. Warm normal saline was dripped during the cutting process as a
coolant and lubrieant. In anmimals numbered one and six the condyles were
separated from the mandible and displaced medial to the vertical plane. In
animals mmbered two and four a hole was drilled with a 701 tapered fissure
bur on each side of and approximately 4 mm. from the line of surgical fracture

The fracture was reduced and then fixed by placing a transossecus wire
across the line of fracturs. In the third pair of monkeys the condyle was
loosened from the sapsule and articular disec with a periosteal elevator,
detached from the lateral sterygoid muscle and removed. The capsule, paro-
tideomasseteric fascla and saboutanecus tissues were approximated with
interrupted No. 000 plain catgut sutures and the skin with interrupted
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No. 0000 black silk sutures. Plastic spray bandage was applied over the
wound,!

Immediately after surgery, 1,200,000 units of sterile bensathine penl.
eillin G (Bleillin) and 600,000 units of sterile procaine penioillin G
(Wyoillin) were injested intrammseularly (Gluteal Masecle) in a prophylactie
capacity.’ Postoperative right and left lateral head and antero-posterier
cephalometric radiographs were taken. The animals were returned to thelr cagep
and kept on a soft diet (bananas and water soaksd menkey biscuits) for ten

dm‘

SACRIFICE AND FIXATION

After a postoperative period of twelve months the animals were anesthe.
tized as before, the chest was opened, the descending aorta was clamped with a
hemostat about five centimeters from its origin and the left ventrisle of the
heart was incised. A glass carula was pushed through the incision in the left
ventriole and into the assending sorta. A No. 000 black silk suture was tied
arcund the ascending aorta axd camla to hold the latter in place. The head,
asek and upper limbs of the animal were perfused with 7% sodium oitrate in
water followed by 108 buffered formalin. Following fimation the animals were
decapitated st the elavicular line. Anterc-posterier rosntgencgraphs were
taken and the heads were hemisected along the saggital plane with a Stryker
sautopsy saw. lateral head films were taken of the right and left halves.

HISTOLOGIC PREPARATION
Using a diamond dise in a dental handplece a bloock section of the entire

1. Silicots, Arvor-Stave Laboratories, Inc., Mt. Prospect, Illinois.
2. Wyeth laboratories, Philadelphis, Pa.
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mandibalar joints was removed and suspended in 10% buffered formalin for
forty-sight hours. The specimens were washed free of the fixative in ruming
water for the three hours and plased in decaleifying solution (sodium citrate
25%, formic aeid 75%). The completion of decaleification was determined by
observing radiopacity on intermittent roentgenograms and required a peried of
from seven to den days.,

The specimens were washed in running water for eight hours, and then
dehydrated in nine thirty mimate aleohol baths, (three 75%, three 95%, and
three 100% alochel baths). HNext the specimens were placed in three Xylene
baths for ten minutes eash. They were placed im liquid paraffin (55°C) in a
vacuur oven for one and one-half hours and finally imbedded in a paraffin
bloek.

Sections (peripheral, para-central, central) twelve miorons thick, were
cut parallel to tho medial~lateral axis of the condyles and placed on slides
for staining. The sections wers stained with hemotoxylin and eosin.

MEASUREMENTS

Animal mumber three and animal rumber five presented a loss of inecisal
relation. The deformities were measured by direct measurement before the two
animals were sacrificed. The measurement was made in the midline of the
maxilla between the incisal edges of the maxillary and mandibular teeth.
Atter the blook sections of the temporemandilular joints were removed from
the monkey heads, the soft tissue was dissected away from the mandibles and
direct measurements were made on these specimens, The height of the corenoid
process was measured from its highest point to the inferior border of the
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mandible along a line perpendioular to the mandibular plane. The height of
the mandibular body was measured from the highest point just anterior to the
first permanent molar to the inferior border of the mandible along a tangent
perpendicular to the mandibular plane. The length of the mandible was measur-
ed from the anterior point on the mental protuberance to the posterior border
of the mandible along a line horizontal to the mandibular plane. The above

measurement was made using conceptual projection and was not measured on the

ourve. The width of the ramis of the mandible was mmnd from the anterior
to the posterior border of the ramms along a line horizontal to the mandibular
plane and superimposed over the manditmlar foramen.




FINDINGS FOLLOWING SURGERY

All six animals tolerated the anesthesia and surglcal procedure success.
fully and recovered uneventfully. Moderate edema was visible in the area of
surgery for approximately seventy-two hours postoperatively. There was no
evidence of infeotion or facial nerve damage in any of the animals. The
animals acoepted & soft diet, and when they masticated no apparent deviation
of the mandible was visible. After ten days the soft diet was replaced with
the regular dlet, which was also consumed without apparent diffieulty. All
animals showed a continued increase in erown rump length, hand length, and
weight except animal mumber 2, which showed & 0.5 1b. loss of weight at the
first postoperative check but had gained weight again at the four menth
postoperative check. (Table 3.9)

The osclusal relations remained normal in all amimals except numbers 3
and 5. Animal number 3 (right unilateral condylectomy) demonstrated an open
ineisal relstion of 0.5 mm, at the first postoperative chesk and 0.75 mm. at
the second postoperative check at four months., At the time of saorifice, this
animal had a loss of ineisal relation of 0.75 mm. in the midline and 1.25 mm.
between the left lateral incisors. (Figure Z2) Animal rumber 5 (bilateral
condylectomy) also showed an open incisal relation of 0.5 mm. at the first
postoperative check and 0.75 mm. from the second pestoperative oheek until
sacrifice., (Table 3 to 9) (Figure 1) This animsl also had a 1 mm. deviation
of the mandible to the right. (Tables 3 to 9) (Figure 1) At the beginning
of the experimental period a deciduous demtition was present in all the animals

except animal number 4, which had permanent mandibulme first molars and animal
14
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mamber 6, which had both maxillary and mandiular permanent first molars
erupting in the oral cavity at the time of surgery. By the fourth menth all
the monkeys had the permanent first molars present in the oral cavity. (Tables
1te9)

POSTHORTEM EXAMINATION

The maxills, mandible and temporemandibular joint in the control animsl
ard in the unoperated condyles of the unilaterally eperated animals were come
parable to the normal Macaca rhesus monkeys deseribed by Zielinski in his
study in 1965.

In the control animal the ramus width measured at the height of the
mandibular canal did not differ more than 0.2 mm, between right and left sides
Measurement of the height of the coronoid process showsd a difference of 0.3
ma, between the right and left sides. The length of the mandible when measur-
od showed 2 differense from right to left sides of 0.2 mm, (Table 2)

In animals mambered 1, 2, 4, and 6 (fractured condyles) the temporemandi.
balar joint showed no signs of ankylosis or loss of normal range of movement
when the jaws were epened mamually. Palpation and disseotion of the joint at
sacrifice showed an enlarged capsule on the opsrated condyles when compared
with the control animal and the unoperated eontralateral sides. The position
of the condyle was in a characteriastic relation to the artioular eminence of
the temporal bone. The fracture sites were wider mediolaterally tut shewed
contimity of bone.

The mandibular rams was similar in shape and thickness to that of the
unoperated side and the control amimal., When comparing the width of the rams
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of the unoperated side to the operated side the differense was not more than
0.3 mm., When compared to the control this group did not differ more than
2.2 mm. (Table 2)

There was no observable difference in the ooronoid process on the opera-
ted side in these animals when compared with the unoperated sides or the
control animal, When measured, the height of the coronold process did not
differ nore than 0.2 mm. frem operated to uncperated sides and 3.3 ma. when
compared to the contrel. (Table 2)

The body of the mandible of these animals did not differ in shape or
thickness when compared to the unoperated animal. When ocomparing the unopera.
ted condyles to the operated ocondyles in these animals the length of the man
dible did not differ more than 0.8 mm, and the height of the mandible did not
differ more than 0.2 mm. When compared to the uncperated centrol animal the
length of the mandible did not differ more than 4.2 mm., and the height of the
mandible did not differ mors than 2.8 mm, (Table 2)

The dentition in these animals showed a normal eruption pattern and no
malposition of the teeth. There was no sign of a mandibular deviation in any
of the animals that sustained scondylar fractures.

HISTOLOGIC FINDINGS ON CORNTROLS
Histologic seotions of the temporemandibular joints of the unoperated

control monkey and the unoperated condyles of the experimental monkeys reveal-
od a diarthrosis between the condyle and the temporal bone with a fibrous dise

between these artioulating bodles. The articulating eminence of the temporal
bone was coversd with dense fibrous connective tissue, The artiocular dise was
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composed of tightly packed demse fibrous tissue with mumerous fibroblasts
scattered throughout. The condyles were covered with a layer of dense fibrous
conneotive tissue. Interposed between this connsotive tissue and the support-
ing bone was a hyaline cartilage layer which could be divided into three
zones, Blemding with the connective tissue the chondrogenic zone was cell
rich and oconsisted of many basophilic stained choendrocytes and little inter.
cellnlar substances. The middle szons contained large spherisal cells which
became progressively larger and degenerated in the lower zones. Finally,
there was a sone of caleification and bony replacement which conasisted 4f
many degenerating chondrocytes and thin immature bony trabeculas, The eone
dyles which had been mubjected to axperimental fracture were somparsble
histologlcally to the sondyles in the control animal,

GRO3S FINDINGS IN THE CONDYLECTOMIZED ANIMALS

In animal number 5 (Bilatersl condyleotemy) both right and left temporo-
nandibular joint areas showed evidense of a funsctional artieulation. The
Joint cavity was enclosed in a fibrous capsule similar te that of the control
animal, The pesition of the new mandibular artieular surface on the left side
soemed relatively normal but the artioular surface was wider than normal
antero-posteriorly., The right condyle was normal in size.

When palpated the lateral pols of the right condyle was in a medial
position in relation to the temporal bone as ccmpared to the sondyle on the
left side and that in the control animal. The right zygomatic arch was not
as well developed as the left or the zygomatic arches of the control.

(Figare 1)
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shape to that of the contrel. The width of the ramas did not differ from one
side to the other more than 0.2 mm. and when compared to the control did net
differ more than 0.1 mm. (Table 2)

The shape and size of the sorenocid processes were similar to that of the
aontrol. The measurement of the height of the corcnoid process did not differ
from one side to the other more than 0.% mm. and when compared to the control
did not differ more than 3.4 ms. (Table 2)

The mandibular bedy was similar in shape and size to that of the control.
The length of the mandible, when one side was compared to the other, differed
not more than 0.2 mm. When compared to the oontrol the length of the mandible
differed not more than 1.8 mm. and the height of the mandible differed not
more than 0.1 mm. (Table 2)

The eruption pattern ard position of the testh in animal mumber 5 was
normal. However, the mandible deviated frem the midline. (Figure 1)

In animal mumber 3 (right unilatersl condyleotomy) the right artiocula~
tion showed a ocapsule similar to that of the left side. The articular head
was short and tipped in an anteroe.medial direction, and was 2 to 4 mm,
smaller medio-laterally than the normal condyle on the left side. The right
sygomatic arch appeared thimner than the arch on the left side and the
coronoid process extended higher than the szygomatic arch on the right side
when compared to the left side, (Figure 4) When the jaws were opened, the
right articular head did not slide downward and forward. Only a hinge.like
mnovement was observed.

The shape and thickness of the ramus on the operated side was similar to
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that of the unoperated side. The width of the ramas differed from one gide
to the other by 1.3 mm. The ramus was ssaller on the condylectomized side
when compared to the normal side, When the operated side was compared to
the contrel it did not differ more than 1.4 mm.

The shape and thiokness of the corcnoid process on the right side was
similar to the corencid process on the left side and the measurement of the
length of the coronoid process did not differ from one side to the other more
than 2.6 mm. The length of the right coroncid process when compared to the
econtrol did not differ more than 4.3 mm. The shape and thiokness of the
mandibalar body of this animal was similar to the control animal. The length
of the mandibular body from the operated to the unoperated side showed a dif.
ference of no more than 1.5 mu, and the height of the mandible from one side
to the other would show a differense of no more than 2.4 mm. The lnegth of
the right side of the mandible when eompared to the control showed a differ.
ence of no more than 1.6 mm. while the height showed a difference of no
more than 0.5 mm,

HISTOLOGIC FINDINGS
CONDYLECTOMIZED ANIMALS

Animal mumber 5 (bilateral condylectomy) presented a rescnstructed
though deformed artisular surface on both right and left sides of the mandible,
The articular surface of the right temporal bone showsd evidense of a fibrous
covering and seemed to be unaffected by the surgery. The fibrous covering
contained fusiform fibroblastic muclei scattered throughout with tightly
packed collagenous fibers lying parallel to the uneven bulbous artisular suf-
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face of the mandible,

A potential joint cavity was in evidence with intervening dense connec.
tive tissue replacing the menisous. This connestive tissue was bound to the
artiocular surface of the mandible. The connective tissue was oomposed of
dense collagenous flbers, some in a basgket weave arrangement, others lying
parallel to the surface of the articular eminence. At the medial aspect of
this connective tissue mass, striated muscle fibers could be seen. It could
not be determined whether or not the musole tissue possessed an attachment
to the connective tissue. Between the eminence and condyle toward the medial
and lateral periphery of the connective tissue there was evidence of a
synonial lining.

A defwot ran through the length of the mendibular articoulation in an
antero-~posterior direstion. This defect appeared to be made up of dense
connective tissue with island.like inslusions of loose connestive tissue cone
taining hlood veasels. The connsotive tissue made a syndemmotie.like urdon
between the two masses of bone. These two bony masses were made up mostly of
coarss, fibrillar immature bone, and showed evidence of hemopoetioc marrow.
The medial bony nmass was undergeing extensive resorption on its most medial
aspeat whore it is in eontaet with the connective tissue capsule. In the
comective tissue adjacent to the artioular surface there appeared to be a
fragment of cartilage and bone surrounded by a distinet cell rich sone.
However, this ecould have been an extension of the bony surface of the mandi.
bular eminence. These fragments showed evidence of current and past osteoe
olastic aotivity,

The articular ominence of the mandible showed evidence of a eell rich
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zone made up of fibroblasts. This zone was slightly varied in thickness.

The proliferating cartilage was arranged in territories in an irregular
fashion and in varied degrees of thickness. In some areas there was no evi.
dence of regimented cartilage proliferaticn. Ostcoclastic and osteoblastic
activity was present in the peripheral areas of the articuler eminence. In
the ramus the bone marrow showed more ostecblastic than osteocclastie activity
deomonstrating productive reconstrucstion.

The mandibular eminence on the left side of animal mumber 5 showed a
similsr deformed reconstruotion like the right side although the connective
tissue between the temporal bone and mandibular articulation seemed to be
attached to both and had more blood vessels scattered throughout. The
striated muscle shown on the medial aspect of this mandibular eminence is
definitely attashed to the comneotive tissue.

The right temporomanmdimlar joeint in animal mmber 3 (right unilateral
ac«n&yioew) falled to show condylar resonstraction in the acoepted sense.
The oavity between the temporal bene and the amputation site on the mandible
was filled with dense connective tissue, On the medial and lateral aspects
of the joint areas some striated muscle tissue was seen extending between the
mandible and the temporal bons. Patent blood vessels were also noted. The
comnective tissue was sttached to the bony surface of the mandible but no
hyaline eartilage was present between the cormective tissue and the mandibular
supporting bene. In the middle of the amputation site, medio~laterally, and
close to the bony surface, reversal lines covered by new bone were seen. In
the peripheral areas and in the marrow spaces of the rams osteoblastie
aotivity was in evidence, (Figure 9)




DISCUSSION
ARIMALS WITH FRACTURED CONDYLES

In this investigation, three surgical procedures were used. Two Macaca
rhesus monkeys sustained experimental fracture and reduction and fixation of
the condyle, two monkeys sustained condylectomy, and two sustained experimen-
tal fraocture of the mandibular condyle with displacement.

The animals which sustained experimental fractures demonstrated con-
timuity of bone in the line of fracture when their mandibles were examined at
the time of sacrifice. However, there was a medio-lateral widening at the
site of fraoture similar to that deseribed by Kaczals (1965) and Stuteville
and Jarabak (1952)., This medio~lateral widening was a bony callus and given
more time would probably have diminished by contimual bone remcdeling.

There was no gross deformity of facial symmetry in these animals. The
measurements of the mandible showed minimal difference when compared to the
control. In 1961 Huerlin, Gans, and Stuteville showed assymetry of the face
and disorepancies in the mandible following fracture dislocations. Since they
used adult animals in their research, they eliminated growth at the condylar
growth center as the cause of the assymetry of the face and said probably that
it was due to an anatomic loss of bon contimmity, functional adaptation of
bone, and muscle imbalance.

In this study loss of incisal relation was not evident in any animal
whioch sustained fraectured condyles. Kaczala (1965) reported two animals out
of six with fractured condyles showed a loss of incisal relation. One of
these animals developed a pseudoarthrosis in the line of frasture, but the

22




23

other seemed t¢ have a normally healed condyle.

In 1961 Huerlin, Gans and Stuteville reported a loss of incisal relation
in two out of four monkeys. Both of these animals sustained bilateral condy-
lar fracture and displacement. The reason that no loss of incisal relation in
animals with experimentally produced fractures occurred in this study was
probably due to the suturing of the joint capsule foreing the condyle when in
function to return to its original position in a short time in the two animals
with displaced condyles., In the othor two amimals with fractured condyles the
bony fragments were fixed with transosseous wires and thersfors, held in
Place.

When the temporomandibular joints were dissected the joint capsules were
"larger" in the operated comdyles. Kaczala (1965) also found this in his
study. This finding is probably a result of the trauma in the temporomandi.
bular joint area caused by the surgery and the mevement of the mandible during
mastication after surgery.

CONDYLECTOMIZED ANIMALS

In boﬁh animal rnumbsr 3 and 5 2 loss of incisal relation was evident two
months followlng surgery. This loss of inclisal relation increassed after four
months and remained stable for a year. This loss of incisal relation was
possibly caused by a transfer of the mastisatory pressure area from the
temporemandibular joint to the most posterior manditular teeth in thess
animals. This new pressure point is due to the backward and upward pull of
the nmasseter, temporal, and medial sterygoid.

The increase in the distance of the inter-ineisal relatinnéhip in the
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first four months following surgery was shown both in this study and in
Guocione's (1965) study,

Over the twelve month period of the experiment there was no decrease of
incisal relation as reported by Huerlin, Gans, and Stuteville (1961). Howevery
an age difference in the amimals used in this experiment (18-20 months) and
Huerlin's experiment (42-44 months) aould have a bearing on this finding.
Possibly the teeth can erupt only fast enough to parallel the growth of the
Jaws in a younger animal., While in the fully grown animal the jaws are fully
developed and through attrition the occlusion closes.

Huerlin, Gans, and Stubeville (1961) reported immediate loss of incisal
relation in two of their animals while Jarabak (1954) claims the loss of
inter-ineisal relation is not apparent for three months and is due to a
depression into the bone of the most posterior mandibular molars.

This experiment and Guccione's experiment (1965) showed an open incisal
relation at two months, but since this was the first careful postoperative
check following surgery it is possible that the animals had an open bite
immedlately following surgery. The inter-ineisal articulation did not change
from the fourth to the twelfth month and it seems that the second deciduous
molars rather than being depressed into the alveolar bone held the occlusal
relation while the first permanent molars erupted to the height of this
occlusal plane,

In animal mumber 5 (bilateral condylectomy) there was a 1 mm. deviation
of the mandible to the right. Guceione (1965) had a similar finding in one of
his animals which had sustained resection of both comdyles. Huerlin, Gans
and Stuteville (1961) had a similar finding in an animal in which they pro.
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duced bilateral fractures of the condyle.

This is probably due to unequal pull of the muscle of mastication on both
sides of the mandible with a resultant deviation of the mandible to the
stronger side. Inequality of repair is fibrous ankylosis, perhaps.

In animal number 3 and 5 the zygomatlc arch on the right side was thinner
than that of the left. Huerlin, Gans and Stuteville (1961) and Sarnat(1957)
had this finding in a number of their animals. Sarnat says that this is
probably due to functional influence of the muscles of mastication. If this
experiment had included a study of the muscles on mastication a partially
attrophied masseter muscle might possibly have been found on the side of the
animal which demonstrated the underdeveloped zygomatie arch.

In animal number 5 reconstruction of both condyles was seen. These
condyles were malformed but did not show good function and areas of hyaline
cartilage growth. The process of growth in the monkeys was not observed in
this study.

In Gueclione's (1965) study and in previous studies on young Macaca rhesu
monkeys findings in the condylar region after condylectomy for the most part
showed the formation of a funetional articular process which lacked the
normal morthology of a condyle. However, Walker (1960) did report a substan.
tial reformation for the comdyle in a unilaterally condylectomized animal si.
milar to that found in animal mumber 3 in this study. Sarnat in 1953 reported|
observing a condyle-like structure with no evidence of any cartilage or bony
replacement. Instead a layer of dense fibrous connective tissue was fourd
attached to the ramus and articulating with the temporal bone. Animal mumber

3 in this study showed a similar fibrous connective tissue joint.




SUMMARY AND CONCLUSIONS

Seven Macaca rhesus monkeys were used in this investigation. Intracap-
sular subcondylar fractures of the mandible were produced in four animals,
and mandibular condylectomies in two and the seventh animal was used as a
control. Twelve months after surgery the animals were sacrificed. Measure-
ments of the mandible and histologic sections through the temporomandibular
Joint were prepared.

The following results were obtained:

1. The animals which sustained condylar fractures showed larger

temporomandibular joint capsules, good position of the condyles

in relation to the temporal bone, contimuity of bone, but medio-

lateral widening of the fracture sites. Eruption and occlusion

of the teeth and the measurements of the mandible of the operated

animals compared favorably to the measurements of the mandible of

the control.

2. The animal which sustained bilateral condylectomy of the mandible

showed a loss of inecisal relation and deviation of the mandible, an

aborted but functional attempt at reconstruction of the condyles,
malposition of ths dental articulation and 2 retardation in the

growth of the zygomatie arch.

3+ The animal which sustained unilateral condylectomy of the mandible

demonstrated a fibrous hinge-like articulation, an open bite and an

underdeveloped zygomatic arch.
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I, Measurements of the operated mandibles did not differ significantly

from that of the control.

On the basiz of the preceeding data, the following conclusions were maded
1. All intracapsular subcondylar fractures of the mandible heal
with or without reduction or fixation, but demonstrate a medio-
lateral widening at the site of fracture.

2, Growth of the maniible persists in these animals,

3. FPollowing condylectomy reconstruction of an articular surface
may or may not result, but appositional growth of the body and
ramis of the mandible does persist.

4k, A condylectomized animal demonstrates a loss of inter-incisal
relation.




BIBLIOGRAPHY

Bsume, L.J., and Hooper, G.w. "The Postnatal Growth of the Mandible in
Macaca Malatta,* J.D. Res., Aug. 1951, 30:502,

Choukas, N.C. "The Anatomy of the Temporomandibular Joint in Humans,® M.S.
Thesis, C.C.D.S., loyola University Dental School, June 1958.

Choukas, N.C., and Sicher, H. "The Structure of the Temporomandibular Joint,"
Oral Surg., Oral Med., and Oral Path., 1960, 13:1203-1213.

Guooione, J.M. "A Study of the Changes in the Young Rhesus Monkey Mandible
Following Condylectomy," (Thesis), C.C.D.S., Loyola University Dental
Sohool, June 1965.

Herzberg, F., and Sarnat, B.G. "Radiographiec Changes in the Bony Trabecular
Pattern in the Mandible of Growing Macaca Rhesus Monkeys Following Condy-
lar B.’.cﬁﬂn.“ Amat. MQ’ Oot. 1962. m:m-yh

Mx‘lin. R.J. Jl".. G‘n‘. BoJa. and mmn‘. 0.H, .Sk'l.m %‘ng.s Follow
ing Fracture Dislocation of the Manditmlar Condyle in the Adult Rhesus
Monkey,* Oral Surg., Oral Med., and Oral Path., Dec. 1961, 14:490-500.

Jarabek, J.R., and Stuteville, O.H. "Hlateral Mandibular Condylar Resec-
tion, " J.D. Res., 1952, 311509,

Jarabak, J.R. "Regeneration of the Mandibular Condyle in the Rat," Abstrast
deD. R.‘o; Oot., 1950, 2935. 6%693.

o "Subsordylar Fractures of the Mandible: Research and Treatment,” Am.
= 7. Ortho., 1954, 40:729.55. '

Jolly, M. *"Condylesctomy in the Rat. An Investigation of the Ensuing Repair
Process in the on of tho Tesmporomardibular Articulation," Australian
D.Jo' Oet, 1961. 82#3.2560

Kacszala, Stanley, J. "A Gross and Histologic Study of the Changes Ocourring
in Young Macasca Rhesus Monkeys as a Result of Intracapsular, Subcondylar

{;ggturc of the Mandible,"” (Thesis), loyola University Graduate Scheol,

Kendriok, G.3., and Cameron, J.A. "Observation of the Growth of the Macaca
Rhesus Monkey Skull," J.D. Res., July and Aug. 1959, 38:741.742,

Lanfranchi, R.P. "Surgical Reconstruction of the Mandible Following a Condy
1”tm’ In the Fhesus !ﬁmy". M.8.D. n\“i.' B.WQDQS.. March 1955.

Moore, A.W. "Head Growth of the Macaque Monkey as Revealed by Vital Stain-
w.' An, J. Or‘hho.. 19“9' 35365"'—671-

28




29

OG: Co.

Natvig, Paul, and Dingman, Reed O. Surgery of Facial Fractures. Philadelphia:
The W.B. Saunders Co., 19&‘0

Paskin,S., and Laskin, D.M. ‘“Contriocution of Autogenous Condylar Grafts to
Mardibular Gth. Oral &n‘g.. Oral Mc. and Oral Patho' Oet. 1965.
20 :“. P. 517.

Rashton, M.A. "Some Aspects of Antero Posterior Growth of the Mandible,®
D. Rec., 1948, 68:80.,

Sarnat, B,G. "Faeial and Neurocranial Growth after Removal of the Manditular
Condyle in the Macaca Fhesus Monkey," Am. J. Surg., 1957, 94:19.

Slrmt. BeG,, and m‘l, M.B. "A Serial Shdy of Mandibular Growth after
Removal of the Condyle in the Macaca Rhesus Monkey," Plastic and Recons.

Sarg., 1951, 7:364.

3arnat, B.G. (ed.) The Temporomandibular Joint. Springfield, Ill: Charles
C. Thomas, 1951.

Sieher, H., "Funetional Anatomy of the Temporomandibular Joint,* Reprint from
in L AR Y 3 R ) J i\ o 3&1‘!1&@. B.G. od., 2& *iv Wﬁ.m. m:

Siehc{é g'; 9;m Growth of the Mandible," Journ. of Periodontology, 1945,
H - .

"The Growth of the Mandible," Am. J. Orthodont., and Oral Surg., 1947

53330.
o Oral Anstomy. 2nd ed. St. Louls: The C.V. Mosby Co., 1952.

Stuteville, 0.H., and lanfranchi, R.P. "Surgical Recenstruction of the
Temporomandibular Joint,* Am. J. Sarg., Des. 1955, 90:940-950.

Thoma, K. "Prineipal Pactors Controlling Devolopment of Mandible and mu:i.lla.'JI
Am, J. Ortho, and Oral Surg., 1938, 24:171.179.

Tomek, 3. "Postoperative Growth of the Lower Jaw after Surgical Removal of
the Condyles in Macaca Rhesus Monkeys,® Dent. Abst., 1959, 4:32,

Walker, R.V. ‘"Traumatic Mandibular Condylar Fractures Dislocation: Effect on
g;gfgain the Macaca Rhesus Monkey,™ Amer. J. Surg., Deo. 1960, 100:

mm, J.Po; and %cher. H. Be
2nd ed. St. Louis: The C.V,




Zielinski, Dennis BE.

30
BIBLIOGRAPHY (CONTD,)

“A Study of the Normal Anatomy

of the Masticatory

Apparatus of Masaca Mallata," (Thesis), loyola University Graduate

Sehool, 1965.




APPERDIX
A. TABLES
TABLE 1

PERATIVE OBSERVATIONS

Mon- Sex Wt, Denti- Midline Incisal Iland Estimg- Sargery Post- Crown Rump
key in tion of relation- length ted age operative length in
No. lbs, Inecisors ship in mm., 1in mos, period in mm.
months
1 Male 3.7 Deci- Normal Normal 70 18 Bilateral Condylar 12 325
duous Fracture and Dis-
placement
2 PFe- 4,0 Deci.- HNormal Normal A5 20 Bilateral Condylar 12 335
male duous Fracture Reduction
and Fixation
3 Male 3.5 Deci. Nomal Normal 70 20 Right Unilateral 12 355
duous Condyleotomy
4 PFe~ 3.5 Deci- HNormal Normal 70 20 lseft Condylar Frac. 12 325
male duous ture Reduction and
T3z Fixation
5 Male 3.2 Deci- Normal Normal 70 18 Bilateral 12 342
ducus Condylectomy
6 Male 3.0 Deei- Nomal Normal 65 19 Right Unilateral 10 324
duous Condylar Fracture
2 and Displacement
7 Male 2,8 Deci. Normal Normal 68 18 Control 10 310

duous




TABLE 2
POST MORTEM MEASUREMENTS (MM, )

Monkey No. and P.O, Period Mandibular Body Mandibular Body Ramus Width Coronoid Process
Surgery in Months Length Height Beight
_Right  Ieft Right  Ieft  Right left  Right _ left
1 Bilateral Condy- 12 58 58,3 18.0 17.8 22,0 21.9 36.0 35.5
lar Fracture amd
Displacement
2 Bilateral Condy- 12 56 55.6 16 15.3 21 20.5 35.0 35.2
lar Fracture
Reduction and
Fixation
3 Right Unilateral 1z 56.5 58.0 14.6 17.0 18.5 19.8 29.0 31.6
Condylectomy :}T
4 Left Condylar 12 57 56.2 15.1 15.3 19.0 18.7 30.0 29.9
Fracture Reduction
and Fixation
5 Bilateral 12 56 . 15.0 15.2 19.0 19. 0.0 .6
oy oral 56.5 5 5 9 9.3 3 29
6 Right Unilateral 10 54,0 b 14, 14, 19.1 18, 0.1 .
Condylar Fracture 54 3 5 9 9 3 30.3
and Di cement
7 Control 10 58.0 58.2 15.0 15.2 20.0 19.8 33.1 33.4




TABLE 3

POSTOPERATIVE FINDINGS IN MONKEY NO. 1 £y
c FRACTU DISPLACEMEN fon
Period Observed Wt. (lbs.) Dentition Hand Length (mm.)  Crown Rump
Length (mm,) e
At Surgery 3.7 3 3/%  Deciduous 70 325 Normal \ 59”‘
2 Months 4,2 Deciduous Yo ! 343 Normal ;oht
5 &
4 Months 5.0 Decidnous 78 367 Normal None
6 &
6 Months 5.7 5 3[4 Deciduous 83 388 Normal None
8 Months 5.7 Deciduous ok 399 Normal Hone
10 Months 6.0 Deciduous 104 h1s Normal None
12 Months 6.2 6 1/16 Deciduous 14 431 Kormal None
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TABLE 4

POSTOPERATIVE FINDINGS IN MONKEY NO. 2
BILATERAL CONDYLOID FRACTURE REDUCTION AND FIXATION

Period Observed Wt. (1bs.) Dentition Hand length (mm.) Crown Ramp ) Midline Open Bite
R .

At Surgery 4,0 Deciduous 65 335 Normal None

2 Months 3.5 Deciduous 68 310 Normal None
s 6

4 Months 3.6 Deciduous 7 }8 Normal- None
g 6

6 Months 3.8 Deciduous 80 360 Normal None
g &

8 Months h,2 Deciduous 87 383 Normal Rone

10 Months 4.8 Deciduous o 401 Normal None

12 Months S.4 5 3/16 Deciduous 108 430 Normal None

g 6




TABLE 5

POSTOPERATIVE FINDINGS IN MONKEY NO. 3
UNILATERAL CONDYLECTOMY, RIGHT CONDYLE

Period Observed Wt. (1bs.) Dentition Hand Length (mm.) Crown Rump Midline Open Bite
Length (mm.)

At Surgery 3.5 Deciduocus 70 358 Normal Hone

2 Months 3.5 Deciduous 7 369 Normal 5
T &

4 Months 3.8 Deciducus 78 _ 387 Normal .75
-3

6 Months h,2 Deciduous 83 400 Normal .75
g 6

8 Months 4,2 Deciduous 85 413 Normal .75

10 Months .5 Deciduocus 88 428 Normal .75
g 6

12 Months 4,8 Deciduous 88 438 Normal .75

J




TABLE 6

POSTOPERATIVE FINRDINGS IN MONKEY RKO. 4

LEFT YLOID CTURE REDUCTION AND F

10K

Period Observed Wt. (lbs.) Dentition Hand Iength (mm.) Crown Rump , Midline Open Bite

At Surgery 3.5 Deciduous 70 325 Normal None
T &

2 Months 3.5 Deciduocus 72 337 Hormal None
5 b

4 Months 3.7 Deciduocus 76 346 Normal None

6 Months i Deciduous 79 358 Normal None

8 Months b Deciduous 80 362 Normal None
5 &

10 Months 4,2 Deciduocus 82 367 Normal None
-3

12 Months 4.3 Deciduous 84 372 Normal None

& 5




TABLE ?

POSTOPERATIVE FINDINGS IN MONKEY RO. 5

e BELATERAL CONDYLECTOMY
Period Observed Wt. (1bs.) Dentitien Hand Length (mm.) Cromt:h Ramp ) Midline  Open Bite
e .
At Sargery 3.2 Deciducus 70 H2 Normal None
2 Months 3.8 Deciduous 7 353 Normal <5
i Months b6 Dagidwgna 79 365 .5 75
6 Months 6.2 D.eidugus 85 375 1.0 <75
8 Months 6.4 Decidngus 91 381 1.0 75
10 Months 6.7 Dozidugus 97 337 1.0 <75
g 6
12 Months 6.8 D.zidnzus 102 393 1.0 .75

.




TABLE 8
POSTOPERATIVE FINDINGS IN MONKEY NO, 6

RIGHT UNILAT; RE DISPLACEMEN
Period Observed Wt. (1bs.) Dentition Hand length (mm.) Crown Rump N Midline  Open Bite
R
At Sargery 3.0 Doguuza: 65 32 Normal Kons
& &
2 Months 3.0 chidagns 67 332 NHormal None
b Months 3.8 Docidngul 71 Fle Normal one
6 Months &4 Dooidnzns 75 350 Normal None
8 Nonths 4.8 Dogidugus 80 362 Normal None
10 Months 5.2 Deaiduocus 84 380 Bormal None
606




TABLE 9

MORKEY RO. 7
CONTROL
Period Observed Wt. (1bs.) Dentition Hand th (om.) Crown Midline Open Bite
Leng hgthmgu.)

Start of Experiment 2.8 Deciduous 68 310 Normal None
2 ¥onths 2.8 Deciduous 73 nh Normal None

§ N
4 Months 3.0 Dugi:hgm 75 327 Hormal None
6 Months 3.3 Mduzns 78 328 Norsal None
8 Months 3.5 D.gidazua 80 335 Normal None

& 6
10 Montha 3.8 Deciducus 82 3 Hormal None
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FIGURE {. Anterior view of Macaca rhesus monkey skull in animal
nmumber 5 (bilateral condylectomy) demonstrating:

A. loss of inelsal relation.

B. Deviation of the mandible to the right.

C. Difference in size of the right and left sygomatic arches.

FIGURE 2. Anterior view of Macaca rhesus monkey skull in animal
rumber 3 (right unilateral condylectomy) demonstrating:
A. loss of inecisal relation.
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FIGURE 3. lateral view of Macaca rhesus monkey skull in animal
mmber 3 (unilateral condylectomy) showing the left or unoperated
side and demonstratings

A. The size of the gygomatic arch.

B. The relation of the coronoid process to the zygomatic arch.

FIGURE 4. lateral view of the Macaca rhesus monkey skull in animal
number 3 (unilateral cendylectomy) showing the right or operated
side and demonstrating:

A. The relation of the coronoid process to the zygomatic arch.

B. The underdeveloped zygomatic arch.

C. The length of the mandibular ramus.
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FIGURE 6. Posterior view of the Macaca rhesus monkey skull in animal
mmmber 3 (unilateral comdylectomy) demonstrating:

A. The relation of the angle of the mandible, both right and left
sides, to the base of the skull.

FIGURE 7. Photomicrograph of the frontal section of the right mandi-
bular articulation in animal mumber 5 (bilateral condylectomy)
demonstrating:

A. Eminence of temporal bone,

B. Dense fibrous connective tissue,

C. Cartilagenous island,

D. Mascle tissus,

E. Mandibular articulating eminence.
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FIGURE 8. Photomicrograph of the frontal section of the left mandi-
bular articulation in animal number 5 (bilateral comdylectomy)
demonstrating:

A. Eminence of temporal bone.

B. Dense fibrous connective tissue.

C. Muscle tissue.

D. Mandibular articulating eminence,

FIGURE 9, Photomiorograph of the frontal section of the right mandi-
bular articulation in animal number 3 (unilateral cordylectomy)
demonstrating: |

A, Artieulating eminence of temporal bone.

B. Dense fibrous connective tissue.

C. Muscle tissue,

D. Amputation site on the mandible.
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