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CHAPTER I
INTRODUCTION

The hyallne cartilage in the mandibular condyle has long
been regarded as the most signifiecant growth center of ths
nandible, Thie growth certilage differs from that of the
articular and epiphyseal plate cartilage of long bones in that
it 18 covered by a thick layer of denge connective tissue,

It i thisg layer of dense connective tlimasue which allows
appositional growth of the mandibular cartlilage whereag, in
the articular and epiphyseal plate cartilage of long bones
growth 1s accomplished in an intsrstitial manner,

The purpose of this thesis is to lnvestigate the changes
occuring in young Macacae rhesus monkeys ag & result of
intracapsular, subcondylar fracture of the mandible., The
reactiong of the hard and soft tissues of the temporomandibular
Joint were intenslively studlied mieroscopleally,
radiographically, and by pgross dissection,




CHAPTER 11
REVIEW OF THE LITERATURE

In 1952, Stuteville and Jarabak unilaterally resected the
condyle in a monkey, without detaching the lateral pterygold
muscle, and immediately replaced it into its pre-surgleal
position by opening the capsule and raducing the fracture by
means of a Vitallium plate and sorewss At sacriflice, slx
monthe later, an osteologlc exanmination revealeds &) healing
at the site of fracture, b) partial covering of the Vitallium
plate by an overgrowth of bone, ¢} growith in the head of the
condyle, forcing the Vitallium plate downward onto the ramus,
d) bone remodeling in both the condyle and neck, e) no
evidence of ankylosis, f) no indication of groes bony changes
in the aprtlcular fossa of the temporsl bone, g) no open~blte
or evidsnce of maloccluslon. oy

In 1959, Hendrix, Sanders, and Gréén unilaterally
fractured the condyles of two dogs. The condyle was completely
removed from the capsule and & hols was drilled through the
inferior portion of the head and the supsrior portion of the
neck. The condyle was then replaced into lts pre-surglcal

position and fixed by means of & trans-osseous stainless stsel
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wire which was placed first through the neck of the condyle,
inferior to ths fracture site, and then through the hole in the
eondyle superior to the fracture site., Klastic traction was
then applied to intra~oral arch bars to maintain firm median
occlueal poalition,

The animals were sacrificed three months later and a
dissection of both right and left temporomandibular joints
revealed a rslatively normal range of motion, and a viable
condyle above the healed fracture site with a& smooth,
glistening, articular surface. A microscoplo study of only
the articular surfaces showed the articular surface of the
unoperated slde to be composed of typleal fibrocartilage, with
a matrix of homogenous laminated intercellular material having
irregulsr nuclel interspersed in a linear or tandem fashion,
Occasgional gzoneg showed inorsased cellularity with an aura of
hyaline cartilage. The articular surface of the operated side
demonstrated fibrocartilage, with some zones of dense
collagenous tissue, scatterad with fibroblasts, which was
suggestive of scarring. Cartilage similar to that of hyaline
waes found adjacent to the bone.

walker, in 19604 reportsd on a study of mandibular
condylar fracture dislocations in nine young Macaca rhesus




monkeyss By means of a submandibular (Riedon) approach he
proceeded, with a number 700 dental bur, to surgically fracture,
unlilaterally and bllaterally, the neck of the condyles and
then dlaplaced the condyles in a medial and anterior direction.
Three of the unllsateral fracturcs were reduced by means of
trans-osgeoupg fixationg in the others no form of treatment
was instituted, In one of the animale the condyle was
eompletely exclmed from all viable attachmsnts, removed, then
repositioned and reduced by trans-osseous wiring. In all
animals the masseter muscle was securad in 1te normal position
by suturing ite covering fascia to the periosteun of the
angle and inferior border of the mandible. Except in one
animal, no intermaxillary fixation was applied. Nodified
antero-posterior radlographs of the temporomandibular joints
were taken preoperatively, ilmmediately postoperatively, and
at gacrifice., At sacrifice, pixtesn and one half to twenty
montha later, tha soft tissue wep removed from the skulls and
they were prepared for osteologle study.

He founds a) that each operated side demonatrated a
relatively normal, functional, growing condyle, b) the dental
occlusion remained unchanged with no mandibular deviation or

open~bite, ¢) no loss of vartical helipght of the mandible,




measuring from the highest tip of the condyle to the horizontal
plane of the inferlor border, on the opesrated side as compared
with the unoperated side or control animals, 4) higher
reattachment of the masseter muscle, except in the lmmobilized
animal, with a lipping medially and inward of the inferior
portion and angle of the mandible, due to the unopposed action
of the medial pterygold muscle, e) what were evaluasted as
somewhat inslgnlificant growth changes, the most noteworthy of
which was a desreasge in the anteroe-posterior width of the
ramus on the operated side,

In a succeeding study, using four young Macaca rhesus
monkeys, Walker unilaterally fractured, by means of a
pre-auricular approach, the condyles and again dlsplaced them
in a medial and anterior direction. All the animals Jawe were
immobillized by intermaxillary fixatlon for two weoks.
Higtologic specimens of the condyles of animals which were
sacrificed at one, two and threec months following surgery
showedt a) active bone resorption of the displaced condyles
colncidental with b) profuse metaplastic cartilage acting as
the primary cellular repair tissue of the callus, in the esarly
stages, and ¢) increased bone repalr actlvity. As the length

of time lnecreased following surgery, excesslve bone production




occured on the medial surface of the ramus "serving as a
poaffold in the reformatlion of the new condyle.“‘ﬁgrhlﬁ
“soaffolding” is later resorbed once the condyle ig reformed.
In one animal sacrificed a year after surgery there wag found
a relatively normal, functional, condyle in an upright posgltion
within the glencld fosea., Histologle sections of the condyle
demongtrated cartilagenous growth similar to that found in any
normal condyle. "“The cartilage was apparently active in
pursuing ites inherent procliviiy of endochondral ossification, "2
He concluded "the condylar ares possesnes a8 noteworthy
propenglity to reconptlitute 1te eplphyseal cartilage and be
about 1ts normal activities following fracture dislocation.™3

In 1961, ﬁeurlinqatuﬁied the skeletal changes following
fracture dislocation of the mendibular condyle in four adult
Macaca rhesus monkeyss Two of the monkeys were subjected to
experinental unilateral fractures while the remalining two were
subjected to bilateral fractures, Through a pre-auricular
approach the condyle wag visunllized and fractured by means of
& bi=bevel bone burs. The condyle wag then dlslocated out of
the glenold fospas and wired to the medlal surface of the ramus.
Ho intra-oral fixation was applied, Anterc-posterlior and

right and left cephalometric radiographs were taken
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preoperatively, postoperatively, six months followlng surgery,
and at sacrifice eleven to twelve months later, All tha goft
tissues were removed from the skulls exgept those of the
temporomandibular joint and lateral pterygold muscle,
Osteometric findings were recorded, followed by hemisection
of the akulls and lateral head radiographs of each half, He
found on the operated sides: &) no apparent faclal nerve
damage, b) decrease in faclal height, ¢) shift of basal bone
towards the affected slde, 4) an unchanged oecclusion in the
unilateral animals, @) open=bite in the bilateral animals, the
geverity of which decreased with tine, ) reduction in the
heizht of the ramus, g) an elevated coronocld process, h) a
dleruption in the trabecular pattern, 1) an increass in the
antegonlial notch,

In exanining the temporomandibular Joint of the operated
sldes he found no evidence of ankylosis, The condylar
fragments had fuged to the ramus in all animals except one in
which it fused to the lateral pterypold plate, In addition,
there wap a flattening of the articular eminence and a more
shallow glenold fossa, Heurlin concluded, "although mandibular
growth does not cease entirely, the pattern of growth is

changed so that development takes place by apposition and




resorption under the influsnce of functional stress. "#




CHAPTER IIIX
MATERIALS AND METHODS

#Hght, young, Macaca rhesus monkeys, seven males and one
female, were obtained from the Shamrock Animal Farm in New York
gtate. Thelr estinated age, based upon welght, hand length,
erownsrunp length, and dentition ranged from elght to fourteen
montha, The average weight of the animals was 2,16 kilograns.
Thelr dlet consisted of various fresh frults and vsgetables,
fortified with vitamins, and dry monkey biscuits. The animals
were divided into four groups of two, three pairs of which
were gubjescied to surgleal fractures while the fourth palr vwas
used for controls One animal in each group, dlscounting the
two control animals, waa subjeoted to unilataral, intracapsular,
subcondylayr fracture of the mandible while to other was
subjected to the same type of fracture bilaterally. No attempt
at reduction or fixatlion of thess was made, The experimental
period, followlng surgleoal fracturse, varled for each palr,
beling sixty, ons hundred and twenity, and one hundred gnd elghty
days. The control monkeys were sacrificed at one hundred and
twenty, and one hundred and eighty daye.

The animals were renoved from thelr rogular cages by means
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of & squeeze oage., While still in the squeeze cage thay were
wolghed, and the dosage of anesthetic agent to be employed was
calculated. Using & 25 pauge needle, Pentobarbital sodium
Us 84 Ps (Nembutal=-Abbot) was administered via an intravenous
route (saphenous vein) in & dosage of 64 mgme/2.27 X8 (1 8re/
5 1ba.) of body welght, Anteroe-posterior and right and left
cephalometric radlographs were then taken using a cephalometric
head holder, with Kodak (Rochester, N,Y.) Medical X-Ray film
in a Kodak 8x10 cassette with a double intensifying screen.
The target~film distance was 39 inches with an exposure tinme
of 0.75 seconds at 115 kilovolt-peak and 15 milllamperaes.
Welght, sex, orown-rump length (highest convexity of the skull
to the bage of the tall), and hand length (distal of the third
finger to the proximsl of the hypothenar eminence), were
recorded along with a description of the dentition, faclal
symmetry, and median occlusal positions Using s metric
callper intra-oral measurements of the maxillary and mandlbular
inter-canine dlstances were aleso recorded.

Opthalmic Butyn Sulfate 274 and Metaphen 113000 (Abbot)
was lnduced into the syes of the animal to prevent despleations
With a 25 gauge needle an intravenous infusion of 5% dextrose/

water wag established (saphenous vein) to replace lost fluids
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and to provide a convenient route for the administration of
more anesthetle or other drugs should conditions warrant,

The animal was then shaved, scrubbed, and draped. Under strict
apeptic technique a pree-aurlcular approach was omployed to
gain exposure of the condylar arsa. With a number 15 Bard=-
Parker blade a vertical skin inecleion over the head of the
condyle was made, By means of blunt dlssectlon the capsule
of the Joint was exposed. A longitudinal incision, parallel
t0 the fibers, wss then made through the lateral aspect of the
capsule and the capsule wag reflected. Using & number 700
%apered figeure bur in & dental handplece, with warmed normal
galine running, the surgleal fracture waeg produced Just above
the Anfsrior portion of the capsule, The fractured condyle,
with the lateral pterygold mugcle still attached, was then
medially rotated so as to assume a poslitlon approximately
pixty degrees on the vertical plane and to position the
articular surface of the condyle to face gomewhat laterally.
The masseter muscle and the subcutanecus tlssues were closed
with 000 plain gut suture, while the skin was closed with 000
black silk suture followed by several appllcations of plastic
sproy bandage (Rezifilm=Squlbb)e To minimize the possibllity
of postoperative infection 600,000 units of Benzathine
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Penicillin G (Bicillin L-A —=Wyeth) and 400,000 unite of
Procaine Penlclllin G with 0.5 Gme of gtreptomyein sulfate
(Wyelllin g8=M e-=Wyeth) were administered intramuscularly
(gluteal muscle).

Antero=posterior and right and left cephalometric
radiographs wore taken immediately postoperatively. The
animal was then returned to the regular housing cage and for
toen daye postoperatively was kept on a soft dist consisting
of various fresh frults and vegoetables, fortified with
vitaming, and monkey biscults soaked in water. Dally
examination of all animale was made and notes of significant
findings were recorded.

At sixty day intervals, anteroe-posterior and right and
left cephalometrice radlographs were taken. In addition, the
welight, erownerump length, hand length, and intra-oral
nmeasurements were agaln recorded as was a degeription of the
dentition, facial symmetry, and median occlusal poslition.

At sacrifice the animals were intravenously administered
a lethal dose of Nembutal, and then were perfused with a
golution of 104 buffered formalin via the right and left common
carotid arteries to obtaln lmmedlate fixation of the entire

hesd, In addition to the reapplication of the afore mentioned
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methods of study, a dissection and deseription, along with a
photographie record of findinge, of the temporomandibular
joints and surrounding structures was made,

Both right and left condyles were removed for hiptologie
study from the folliowing animels; silx month unilateral right
(6Ur}), four month unilateral right (4UR), four month bilateral
(4B), and two montn uniletersl left (2UL). The two month
bilateral (27} anlmal had both right and left condyles removed
with the articular dlsc attached., Block sections of both
right and left temporomandibular Joints were removed from the
slx nmonth bilateral (68) animal and from the four month control
(4C) and eix month control (6¢) animale. These tissuc specimens
were kept in 104 buffered formalin for 48«72 hours to insure
Tixatlone. The speclmons were then removed and washked in
running weter for three to four houre before being placed in
decalelifylng solutlon composed of godium citrate (25%) and
formic acld (75%)s The specimens were washed agaln in running
water for elght hours and then dehydrated by placing them in
three puccesslve baths of poventy~five percent aloohol for
thirty minutes each, followed by thres baths in ninety-five
percant alcohol for thlrty minutes each, and a thirty minute
bath in absolute aleohol (1007)e Following this the specimens
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were placed in three xylene bathe for ten minutes esche They
were then removed and introduced into 1iquid paraffin (559¢)
in a vacuum oven for one and one«half hours, and then imbedded
in a paraffin blook (609C-tissue mat-Flscher Cos)e

Gentral, para=-gentral and perdipheral sections of =ach
ppecimen, measuring eicght to ten miorons, were cut along the
frontal plane and placed on slides for staining. Ths seetions
wors deparaffinized in xylene, waghed in one hundred percent,
ninety~five percent, and seventy-five percent aleohol and then
placed in dlatilled water for flfteen minutes. After stalning
with hemotoxylin they were washed in dlstilled water, followsd
by & fifteen minute wagh in tap water. Next the geotlions were
placed in acid aleohol, followed by a wash in distilled water
and then tap water. They were then placed in seventy-five
pereent aloohol, followed by ninety-five percent alcohol, and
gtalned with sosine. After three baths in ninety-five percent
aleohol, one in one hundred percent aleohol and two in xylene,

gover slips were applied with Permount (Fischer Co.).




CHAPTER IV
FINDINGS

All of the anlmals survived the experimental surgery and
their recovery was uneventful. Upon periodlec vieual examinatlon
none of the animals showed evidence of faclal nerve damage or
postoperative infections. Throughout the experlmental perioed
- thelr magticatory function and range of mandibular movement
remalned essentlally normsal, except durlng the immediate
postoparative period, of four to five days, when swelling
attendant to surglical fracture wag present. Ho gross
discrepancles of faclal growth or symmetry were discernible.
gomatic growth proceeded in a normal faghion with all animale
showing & continual incresss in crown-rump and hand length.
Every animal showed a progressive increase in the intor-canine
distance of both the maxillary and mandibular dental arches
(Figure 1)s A loss of ineisal relation occured in two animals,
Animal 2B demonstrated an anterlor open=-blte measuring 1 mm.
at sacrifice (60 days) while animal 6B developed an anterior
open~bite measuring 1 mn. at slxty daye, 1.3 mn, at one hundred
and twanty days, and incrcasing to 1.8 mm. at sacrifice (180
days)s The median occlusal positlion of the romalining animals

was unchenged.
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Dissection of the temporomandibular joint at sacrifice
revealad the Joint ocapsules of all operated sides to be thicker
and more extensive In size than the eapsules of the unoperated
sides or of the sontrol animals (Plgures 3,4). No evidence
of ankylosie of the condyle or gross changes in ths artiocular
Tfossa or sminence were observed. The superior and infarion
compartments of the jJoint were oasily exposed and examined and
the articular disc appeared normal in nosition and norphology.s
in all operated animalm the mandible in the area of fracture
wag approximately two to three times ap thiok medio=latorally
asg that of the unoperated sides or of the control animals
(Figure 5). On all operated sides there wag continuity of
bone at the site of fracture except in aninmel 2B, Animal 2UL
presented an enlarzed condyle on the opsrated side with an
antero=-pnsterior wildth of 7.9 mm. as compared to 4.5 mme. on the
unoperated slde. It measured 9.5 mm, medio=latarally as
oppoged to a medio-lateral width of 2.9 mm. on the unonernted
side (Flgures 2,6,7,8,9,10). In animal 2B both the rirht and
loeft condyles were also enlarced.

On the left slde of animal 2B the condyle was medially
rotated approximately thirty~five degrees. Soft tissue wes
present in the fracture site and the condyle was slightly moblle
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{(Figure 11). In addltion, a deprescion in the center of the
articular surface of the condyle wag evident., The antero-
posterior width of the condyle was 9.9 mms with 8 medlo-lateral
width of 9 mm.. The right condyle (Flgures 12,13) was found
to be located in a medially tilted position (approximately 55%).
Ite capsule wag more extensive in slze than that of the left
side and the neck of the condyle at the fracture site was much
thicker medio=-laterally than that of the contralateral condyles
The antero-posterior width of the condyle was 6.2 mm., and its
nedio=-lateral width was 10 mm., Above the fracture slte, in
which soft tissue was present, the condyle wag extremely moblle
(Figure 14},

Radiographically there was a medio-lateral widening of
the mandlible at all sltes of experimental fracture which
persisted up to the time of sacrifice. The condyles of all
operated sides except the right side of animal 2B, which was
tilted medlally, assuned a vertical position in the
temporomandibular joint by sixty days (Flgure 15).

In the operated aninmals special care was employed in the
remnoval of speclmens for histologic study to Insure inclusion
of the fracture sltes By means of vertleal measurements it

was agcertalned that these speclimens, when mounted on slides
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for histologle study, c¢ontalned the glte of fracture.
Histologle study of the unoperated sldee and control animals
revealed a layer of denge, f{lbrous, connective tissue covering
the condyle, evenly epzced with fuslform fidbroblasts, gome of
which almort, but not nquite, reach the free surface, The cells
ranged in shape from bluntly stellate to thin fusiform, The
cytoplasm could not be geen and the nueleoll were not vipgible
due to the dark staining of the nueclel, All of the collapenous
fibers on the free gurface were directed antero-posteriorly,
whersag the deeper fibers formed a basket weave pattern
parallel to the free surface. At the junction of the dense,
fibrous, connective tissue and the hyaline cartilage the two
tiseues blend together with no definite demarcation. This
Junetion was occupled by & ¢2ll rich layer of rounded and
fusifora mononuelear cellp and & pale stalning ground substance
with thin collagenous fibsars. The cytoplasm of thege cells is
seanty and the nucleus is coarsely granular with a small
distinet nucleoll. The nucleus is twlce the slze of the nucleus
of the cells in the denee, fibrous, connective tlsgrcue layer,
Thig intermediate layer 1s one~half to two-thiris as thick ae
the dense, fibrous, connesctive tigsue covering the condyle.

Benoath this ig the cartilagenous layer which is about twice
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as thick as the dense, flbrous, connective tissus layer. The
hyaline cartilage 1s sosinophilie where it blends with the
cell rlich intermedlate or transitional layer. It beocomes
basophilic ag the hyaline ground becomes abundant. Nod
including the transitional zone, the average number of cells
in this area, which ig analogous to a teritory of cells in an
epiphysls, 1s five., Moving away from the transitional zone
the nucleus of the cartilage cells becomes hydropic and more
cosinophlllics The cytoplasm increases and takes on a
veslculated appearance, with the cytoplasn between the vesicles
appearing basophiliec. Farther down, the cytoplasm of the
cartilage e¢ells is filled with larger veslolep and the nuclei
are undergoing karryorhexig or karryolysise The total size of
the ¢ell lincreages due 40 an accunulation of fluld which in
tuwrn resulte in a thinning of the ground substance.
Chondroclasts and mononuclear phagocytes can be found entering
the calcifled cartilage were 1t borders upon the metaphysis.
The motaphysls is represented by & zone of variable
thicknesa whlch was about twenty to twenty~five times as thick
ag the hyallne cartilage., It 1g characterized by coarse,
fibrillar, immature bone which was often lald down around

irregular splcocules of calelified cartilage. Islands of calelified




cartilage demonstirated thick seams of osteold tissue covered
by a layer of osteoblaste. Osteoclastic activity was also
present. The marrow contained delleate, looge, connective
tisgue with evidence of hemopoetle cells, dbut in some animals
it was not typleally stuffed with cells of the granulocytic
serliess (Figure 16)

The fracture sites of all animals were healed except in
animal 2Bs In this animal a bilateral pegsudoarthrosis developed
Cn the medlal surface of the left side in aninal 2B, the cells
of the transitlional zone lipped over the thin edge of hyaline
cartllage, entered the periosteum, and continued downward to a
point where fibrous proliferation of the cells of the capsule
occureds These cells give rlse to fibrocartilage at the site
of beginning lmplngement, on the medial swrface, of thoe proximal
(condylar) and dlstal (mendibular) fracture segments. Hoving
centrally, the fractursd surface of the proximal segument is
covered witn almost typical hyasline cartilage, as 1ls the distal
segment in most areass Beneath the cartilage of the distal
segrent there ls metaphysls formation with growth taking place.
Interposed betwesn these cartilapgenous areas covering the
fractured surfaces of sach scgment was a layer of moderately

vascular, dense, fibrous, connective tisesuc. The loose
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cormective tissue surrounding the mature caplllaries were cell

rich and contained large basophlilie mononuclear cells and

Yrual L , ‘
solymorphonucleated glant cellss In areas vwhere the fracture

segnments are in close proximity they are separated only by a
large island of hyaline cartilage, with no evidence of
intervening denpe, fibrous, connsetive tissue, =Extending into
this 1sland of cartilage was a developing Jjoint cavity lined
with fibrocartilage. Some of the hyaline cartilapge cells
showed lrregular terpritory formation and degenerative changes
directed towards the bone thus establishing a new proliferative
zone on the proximal (condylar) fracture segment. The bearing
surface across the defect was not uniforms. The main bearing
voint appeared to be an adbutment of nonevital boene on the
surface of the Aistal (mandibular) fragment and the
cartilacenous surface of the proximal (condylar) segment.
Oateoclastie activity was evident in the marrow spaces of both
sogmentn. (Figure 17).

On the medial surface of the right side the proxinmal
{(eondylar) and dietel (mandibular) fracture surfacos arc
goveraed with almost typlcal hyaline ecartilage, and are separated
by dense, {ibrous, eonnective tissue whieh lg filled with

blood vespels and capillaries, Beneath the cartilage of the
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distal (mandibular) segment there 1s metaphysls formation
with growth taking place. Hoving laterally, necrotlic bonse,
which ig covercd with fibrocartilage, 1% found on the distal
(nandibular) segment. In the marrow spaces of both segments
evidmece of osteoclastic activily and undermining resorption
was present (Flgure 18).

On the operated side of the twe month unilateral speclimen
a portion of the hyaline cartilage of the condyle was
inadvertently displaced into the areas of metaphysis (Figures 19,
20).

In exsmining the speoimens removed from the other
exporimentally operated sanimale no dissimlilarities were found
when compared with the unoperated sides or control animals,
All condyles showed active endochondral bone formation.




CHAPTER V
DISCUBBION

In this investlgatlon, the gross and histologle changes
oceuring as a result of intracapsular, subcondylar fracture
of the mandible were gtudlieds. The temporomandibular area of
the Macaca rhesus monkey differs from that of humans in that
this animal has a shorter condylar neck, a shallower glemoid
fossa, & less prominent eminence, and a larger postglencid
process.

After surglesl fracture the animals were returned to their
regular cagess They were kopt on a poft dlet for ten days
and were examined several times daily for two wesks. Upon
reductlion of the postoperative swelling their masticatory
function and range of mandibular movement socomed osscentially
normals At ne time was there evidamce of facial nerve dunage
or postoperative infectlon,

At two months following surgery the antero-posterior
radiographs showed a medio-lateral widening of the condylar
neck at all sites of fracture. This medio-lateral widening
was still vigible at saerifice, and was in sctuality 8 bony
callus. With time this widening would have diminished as a

23
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result of continual bone remodeling resorption. The antero-
posterior and right and left cephalometriec radiographs taken
at sixty days showed all fraetured condyles to bes in their
pre=surgleal position with the exeception of the right side of
animal 2B (two month bilateral fracture), This condyle was
tllted medially approximately fifty~five degroes.

A change in incisal relation cccured in animals 28 (two
month bllateral fracture) and 638 (six month bilateral fracture),.
At slxty days both animals dsmonastrated an anterlior open-bite
of 1 mmse In animal 6B the open-bite inocreased to 1.3 mn, &t
one hundred and twenty daye and 1.8 mm. at one hundred and
elghty dayss. This progrescive inersase in the anterior
open=bilte oscurs only in the early stages following such
injury, for Heurlin sghowed, in his one year study, that the
severity of open~bilte decrecaseos with time. This changing of
incigal relation is postulated as being due to several
interrelated factors. Due to discontinuity of the mandible
following fracture, the slevator nmuscles rotate the mandible
on the distal molars. This results in an open=bite whieh
inoreases 1n magnitude from the posterior testh to the anterior
tecth., The teeth that are out of ocolusion eventually
gupsr«~erupt, thereby deereasing the severity of the open=bite.
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Dispection of the temporomandibular joint at smcrifice
revoaled the Joint eapeulesn of all operated sides to be
fibrotle and more extensive in slze than the ecapsules of the
unoparated sldes or control animalg. This was probably due
to the trauma assoclated wlth surgleal fractures In this type
of fracture the capsule plays an important role in the healing
of the fractured condyle, in that it tends to maintain the
condyle in ite pre-surgicsl positiona

The right and left condyles of animal 28 (two month
bilateral fracture) and the left condyle of aniumel 2 UL (two
month left unllaterasl fracture) wera enlarged as compared to
those of the unopsrated gldes or control animalge. This
oecured as & response to digplacemant of the condyle within
the temporomandibular jeint after union of the fractured
segments had ocoured. Thips union may be bony as in animal 2UL
{(two month left unilateral fracture) or of a pseudocartiyrotic
type as in aninal 23 (two nonth bilateral fracture).
Reconstructlon of the condyle occurs in an attempt to malntalin
the condyle in its propeir position in the gflenoid fossa. In
the four and six month spocinens the condyles were of norual,
almost ildentloal, size and morphology, indlcating that romodellirng

of the condyle will ocecur until 1t has assuned a normal
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poslition in tho glenoid fossa.

In animal 28 {two month bllateral fracture) the left
condyle was medially rotated approximately thirty-five
degrees and the right condyle wapg tilted medially approximately
fifty-five degrees, Soft tlissus was visuslly evident in both
fracture sites and both condyles were moblle above the
fracture sites. Histologlc study revealed the formation of a
bllateral pseudoarthrosis. The proximal and distal fracture
gurfaces of both right and left eides were covered in part
with hyaling cartilage, Interposed, in nost areas, was &
layer of densge, irregular, connective tissus. This
peoudoarthrosls wag thought to be due to fallure of the
condyles to become proporly roposltioned because of interposing
goft tlssue between the fraoocture surfaces. In histologle
exanination of the remaining specimens no dissimilarities
were found between the operated sides, unopesrated sides, or
sontrol animals. All condylss showed active endochondral

hone formatlion,




CHAPTER VI
SUMMARY AND COXRCLUBIONS

Bummary s

Three pairs of young Macaca rhesus monkeys were subjected
to surgleal, intracapsular, subcondylar fracture of the
mandible, No attempt at reduction or fixation of any of these
fractures was made, One animal in sach pair was subjectod to
a unilateral fracture while the other was subjected to a
bilateral fracture. One palr of aninals was saorificed at two
months, another pair at four months, and the third palr at
plx months. In ad ition, two anlmals ussd for control were
sacrificed at four and slx montha. Antero~posterler and right
and left cophalometric radiographs were taken preoperatively,
immediately postoperatively, at two month intervals, and at
sacrifico. A disssotion of both right and left
temporonandibular joints was made at saorifice and gpeclinmens
wore romoved for histologle study.

After the postoperative ewelling had subsided, the
magticatory function and range of mandibular movoment of all
animals seemed essentially normals The two and six mwnth

pilateral fracture animals showed a loss of incisal relation
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which progressively increased in the elx month apecimen‘ The
occluasion of the remaining animals was unchanged.

The capsuleg of all operated sides were fibrotic and more
extensive in size than were the capsules of the unoperated
sides or control animals, At two months, enlarged condyles
were found on the left side of an animal sustalning left
gubgondylar fracture and on both sides of an animal sustaining
bilatersl subcondylar fracsture.

All animals showed & persistent medlo~lateral widening
of the mandible at all sites of fracture. All fracturcs
healed with the exception of the right and left sldes of the
two month bilateral fracture animal., This animal developed
a bilateral pseudoarthrosls,

All condyles werse active in endochondral bone formatlon,

Conclusliona:

From this investligation it was found thats

All intracapsular, subeondylar fractures of the mandible
in the Macaca rhesugs monkey heal without fixation or reduction
when the fractured segments are relatively well alligned.

A medio~lateral widening occure at all healing sltes of
intracapsular, subcondylar fracture of the mandible,

Endochondral bone formation persiste in all condyles

involved in intracapsular, suboondylar fracture of the mandible.
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FIGURE 3

Photograph showlng the Joint ocapsule of the unoperated
slde of the unilateral six month specimen,

FIGURE 4

Photograph showlng the enlarged joint capsule of the
operated silde of the unilateral six month specimen.
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FIGURE B

Photograph (postero-inferior view) of the medio-=lateral
widening of the right condylar neck of the unilateral
8ilx month specimens
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FIGURE 6

Photograph showing the unoperated condyle of the unilateral
two month specimen,

FIGURE T

Photograph showlng the enlarged condyle on the operated
side of the two month unilateral specimens
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FIGUREZ 8

Photograph (superior view) of enlarged condyle of unilateral
two month specimen,

FIGURE 9

Photograph (anterior view) of enlarged condyle of unilateral
two month spec¢imen,
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FIGURE 10

Photograph (postero=inferior view) of enlarged condyle
of unilateral two month specimen.
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FIGURE 11

Photograph showing left condyle involved in bilateral
peoudoarthrosis of two month specimen.

FIGURE 12

Photograph (anterior view) showing condyles involved in
bilateral pseudoarthrosis of two month specimens,
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FIGURE 13

Photograph (posterior view) showing condyles involved
in bllateral pseudoarthrosis of two month specimer,

FIGURE 14

Photograph showing right condyle involved in bilateral
pseudoarthrosls of two month speecinmen,
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FIGURE 15

Radfograph (antero-posterior view) showing the medio-lateral
wiaeﬁna of the condylar neck in the unilateral six month
speocimen,
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FIGURE 16

Fhotomlcrograph X25 showing the hyaline eartilage of and
the dense, fibrous connective tissue covering the artigular
surface of the condyle in the slx month control animal.
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FIGURE 17

Photomierograph X32 showing the medlal portion of the
left pseudoarthrosis in the bilatersl two month specimen,

FIGURE 18

Fhotomierograph X32 showing the medlal portion of the right
pseudoarthrosis 1n the bllateral two month specimen.
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FIGURE 18




FIGURE 19

Fhotomlerograph X32 showing hyaline cartilage displaced into
the area of metaphysle on the fractured side of the unilateral
two month specimen,

FIGURE 20

Photomieorograph X100 ghowing the terminal portion of the
hyaline cartilage displaced into the area of metaphysis on
the fractured side of the unilateral two month specimen,
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