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INTRIDUCTION

It is a well documented fact that condylar fractures in
children may result in bony ankylosis of the temporomandibular
Jjoint, Nevertheless, the chuoice of the treatwent for fractures
involving the temporomandibular articulation has rewmained a
matter of conjecture. The literature is replete with articles
expressing philosophies of treatment, ranging from those who
favor no surgical intervention, to those who propose that all
fracture dislocations should be surgically reduced,

Host surgeons maintain a philosophy lying sowme#here be-
tween these two extremes and base their rationale of treatment
upon their own experiences and / or those of their colleagues
who are also involved in the treatment of these injuries.

Although the number of deformities resulting from injuries
to the temporomandibular articulation is not great, regardless
of how they are treated, I am sure that this is of little
consolation to those individuals who are thus afflicted.
Further, the degree of deformity, which may occur, depends on
the age of the patiemt. MacLennon (1952) stated that, '"child-
ren below the age of five years would appear to be more prone
to permanent growth changes following fractures of the condylar
process., Such damage to the growth center is bound to diminish

in direct ratio to the age of the patient over five years of

age”, It is for this reason, that ycang growing monkeys were
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used in this study.

It is hoped that, aside from being & rewarding personal
experience, this paper will, in sowe way, help coatribute to
a more rationale and universal approach to the treatment of

injuries of the temporomandibular articulation.




REVIEW OF THE LITERATURE

Sarnat and Engel (1951) performed unilateral and bilateral
condylectomies in young Macaca rhesus monkeys., They found that
this produced a serious interference with the growth of the
mandible. VW¥Wherever one condyle was removed, an asyumetrical
deformity was produced, Removal of both condyles led to a
symmetrical interference with the growth of the mandible,
Mandibular function did not appear to be seriously affected.

Jarabak and Stuteville (1952) resected the condyles of
a young wonkey in the area of the neck of the condyle, below
the attachment of the lateral pterygoid muscles. They observed
no facial changes after a period of six months. An open bite
had developed in the incisor region from canine to camine.

Stuteville and Jarabak (1952) also performed a unilateral
resection of the condyle of a monkey, without detaching the
lateral pterygoid muscle, and then immediately replaced it by
aeans of an open reduction and fixation with a vitallium plate
and screws., They found no evidence of any interference with
condylar growth or any occlusal disharmony.

Sarnat (1957) repeated his earlier experiment (1951),
however, he allowed the animals a longer post-operative
survival period. The same results were obtained except they were
more accentuated. They noted a marked asymwetry of the skull
in all its aspects.

Tomek (1lY958) reported an experiment on a young Macaca
-




rhesus moakey similar to that of Sarnat (1957) and confifmed
the resulis reported by Sarnat and Engel (1851) nawmely, Inter-
ference with the growth of the mandible,

Hendrix, et. al., (1959) performed unilateral fractures
of the mandibular condyles of two dogs. The condyle was removed
and a hole was drilled through the inferior portion of the head.
A similar hole was drilled through the neck of the condyle and
the fracture was then reduced and fixed with tramnssosseous
stainless steel wire., KElastics were them applied to intra-
oral arch bars to maintain intermaxillary fixation,.

The dogs were sacrificed and bilateral dissections revealed
a relatively normal range of motion, add a viable condyle above
the healed fracture site with a smooth glistening, articular
surface. Microscopically both operated and unoperated sides
revealed the normal histological pattern of the temporomandi-
bular joint.

Walker (1960) reported on a study of mandibular condylar
fracture dislocations in mine young Macaca rhesus monkeys. He
found that the final results of condylar reformation were com-
paravle whether comservative or surgical treatment was utilized
and that reconstruction of the condyle was not hindered, to any
degree, by early mobilization of the jaws,.

Heurlin, et al (1961) studied the skeletal changes follow-
ing fracture dislocations of the mandibular condyle in four
adult Macaca rhesus monkeys. Two of the monkeys had unilateral

fracture dislocations, and two had bilateral fracture dislo-




cations, The animals were sacrificed at six months., 8p ante-
rior open-bite had developed in the bilaterally operated animals,
while the occlusion remained unchanged in the unilaterally
operated animals. On examination the temporomandibular joint

ol the operated sides revealed no evidence of ankylosis., The
authors concluded that, "although mandibular growth does not
cease entirely, the pattern of growth is changed so that deve-
ilopment takes place by apposition and resorption under the
influence of functional stress’,

Guccione (1965), performed bilateral amd unilateral con-
dylectomies on six young Macaca rhesus monkeys. Three were
operated unilaterally, three bilaterally and two served as
controls. One monkey irom each of the operated groups was
sacrificed at two, four and six months. The controls were
sacrificed at six and eight months, respectively. He found that
the bilaterally operated animals developed amn anterior open-
bite as early as two months post-operatively. He further found
that functional reconstruction of the condyle occured within
four months after condylectomy.

Kaczala (1l965), performed unilateral and bilateral intra-
capsular, subcondylar fracture dislocations on six young Macaca
rhesus monkeys, One animal from each group was sacrificed at
two months, another pair at four months, and the third pair at
$ix months. Two animals served as conirols and were sacrificed
at four and six months, respectively. He found that all
fractures healed without fixation or reduction, Masticatory
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function and mandibular wmovewenis rewmained eéssentially noxual.
The two and $ix wonths bilaterally operated aniwmals showed a
losgs of incisal relation which progressively increased in the
six months specimen. The capsules of all operated sides were
found to be fibrotic and larger in size than the unvperaied
sides or control animals. All condyles were active in endochon-
dral bone iformation,

Boyne (1967), used twelve young Macaca rhesus wmonkeys in
his study. All had surgically induced subcondylar fractures.
Four monkeys had open reductions amd intermaxillary immobili-
zation, four had no treatment. OUne monkey from each group was
sacrificed at eight and twelve weeks and two from each group
at sixteen weeks. Tetracycline labeling was used in each monkey
in order to study the chronological growth and repair pattern.

Flourescent studies revealed continucus cartilagenous
proliferation at the head of the condyle in all specimens and
bony union at the fracture site was noted in all specimens
regardless of treatment.

Hayes (1u67), performed unilateral condylectomies on nine
male rats and sacrificed them at regular intervals between
eleven add iforty-three days. He found no apparent ankylosis
or mandibular disability. In six of the animals he noted that
there had been regeneration of the condyloid process. lle
further stated that in thuse rats im which the condyle did not
regenerate the surrounding capsular structures had been removed

along with the condyloid process.
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Schuen (1966), in his investigation, used seven young
Macaca riesus wmonkeys. Two monkeys had Iracture and reducticn
and fixation of the condyles, one wonkey bhad a unilateral
condylectomy, one monkey had bilateral condylectomies, two had
fracture dislocations add one animal served as control. The
monkeys were sacrificed twelve months post-operatively.

The monkeys which bhad sustained bilateral condylectomies
demonstrated a malocclusion, failure to reconstruct the condyles
and retarded growth of the zygomatic arch. 7The monkey which had
sustained a unilateral condylectomy developed an open-bite, and
underdeveloped zygomatic arch and a fibrous '"hinge-like"
articulation.

All of the animals with fracture dislocations healed with
or without treatment and growth of the mandible continued un-

interrupted.
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HATERIALS AND MBTHODS

The animals used in this study were eight young Macaca
rhesus monkeys, obtained from the bhamrock Farms, Inc.Middletown
New York. OSix were males and two were females. T1he age of these
animals, based upon tieir dentition amd weight, ranged from
four to six months of age.

Three of the animals had bilateral fracture dislocations of
the mandibular condyles, three had unilateral fracture disloca-
tions and two served as controls. These fractures were reduced,
surgically, by means of transosseous stainless steel wire. ‘The
animals were operated in pairs, one unilaterally and ome bila-
terally.

The animals were maintained in stainless steel cages and
their diet consisted of Rockland Priuate Diet supplewmented by
fresh fruits and vegetables.

The operated animals were sacrificed in pairs, at two, four
and six months, respectively. The controls were sacrificed ati
four and six months.

Jn the day of surgery the animals, were removed from their
regular cages and placed into a spedially comstructed "squeeze-
cage". They were weighed and the amount of anesthetic
(I.V. Nembutal Sodium-Abbott) necessary was calculated. (50 mg.
/15 1lbs. of body weight). By means of the ''squeeze-cage' the

animals were immobilized and the asnesthetic administered via

the saphanous vein. The I.V. wag maintained with 5% Dextrose




and water solution as it wes necessary, in sowme cases, t§
supplement the original dose of anesthetic drug. Antero-poste-
rior and right and lefit cephalometric radiographs were then
taken using a cephalometric head holder, with Kodak medical x-ray]
film (Blue brand) in Kodak 8 by 10 cassette wuig a double
intensifying screen. The target-film distance was 3Y inches
with an exposure time of 1.75 sec. at 115 kilovolt peak and 15
wmilliamperes. The monkeys' weight and dental record including
deviation from the normal were then recorded.

The monkey's head was then shaved amd scrubbed with soap
and water. Ophthalmic Butyn Sulfate 2% and Metaphen 1:3000
(Abbott) was them placed into the eyes of the animals to prevent
dessication. The animal was then draped with sterile drapes.
A strict sterile technique was adhered to throughout surgery.

With a number of 15 Bard-Parker blade, a 3 cm. vertical
pre~auricular skin incision was wmade. By means of sharp and
blunt dissection the capsule of the joint was exposed. A long-
itudinal incision, parallel to the fibers of the capsule, was
then made and the capsule reflected. Using #700 tapered fissuie
bur in a dental handpiece, with normal saline irrigation, a
surgical fracture was produced just above the inferior portion
oif the capsule. The fracture was then reduced by means oi a
single 45 gauge stainless steel transosseous wire. The wound
was then closed in layexrs with 4-0 chromic deep sutures and 4-0

8ilk skin sutures. Over the silk sutures several applications

of plastic bandage (Resifilm-Squibb) was applied.
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Propiylactic imtramuscular imjeciiom of 600, 000 uniis o34
long acting Bicillim (Wyeth) and 300,000 units of ¥%ycillin
(Wyeth) were given immediately following the completion of
surgery.

Post-operative x-rays were then taken and tie monkey
placed inte its cage and observed until it regaimed conscious-
ness., Daily examinations of all of the animals was done.

At two months intervals, antero-posterior and right and
lefit cephalometric x-rays were takem. In additiom, the weight
and dentition and occlusion were recorded.

The monkeys were sacrificed by injecting a lethal dose of
Nembutal Sodium intravenously, followed by a solution of 10%
buffered formalin via the right and left common carotid arteries
to obtain immediate fixation of the entire head. The animals
were then weighed and the occlusion and dentition noted.
Following this, the temporomandibular joint was dissected and
rewoved in its entirety for histologic study.

The tissue blocks were decalcified in a 10% solution of
formic acid (for approximately two weeks), washed for twelve
hours in water, dehydrated with increasing concentration of
ethyl alcohol, cleared in chloroform and imfiltrated with and
imbedded in paraifin, ¥rontal sections were made cof the righe
temporomandibular joint and saggital sections of the leit side.
The cuts were made at six microns and stained with hematoxylin

and eos8in.
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FINDINGS:

All of the animals survived the experimental surgical
procedure. Zheir post-operative courses were uneventiful except
for moderate post-operative edema, at the site of surgery,
lasting for four to five days. None of the animals exhibited
any signs of facial perve damage or post-operative iniection.

The monkeys were able to tolerate their normal diet within
three days after surgery. No gross discrepancies of facial
growth or symmetry were noted. No deviation in mandibular
mnovements was noted, during mastication, in any of the animals.
The occlusion remained normal in all of the animals studied.

As revealed by the weight charts (Appendix A) all animals
thrived well post-operatively.

The antero-posterior post-operative X-rays, taken at two
months intervals revealed symmetry of the facial skeleton in
all of the monkeys. (Appendix B) In the condylar region a
typical growing condyle was observed which maintained the normal
morphology. The only abnormal finding being the transosseous
wire in the operated animals.

In all of the operated animals, histologic findings of the
tenporomandibular joint was comparable to those of the controls.
The articulating surfaces were covered by avascular fibrous
tissue. Beneath this layer of fibrous tissue was found the

hyaline cartilage. In the deeper layers the chondrocyties were
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sreatly enlarged and the inter-cellular substance was deéply
stained (degeneraiion and calcification of cartilage.) The
deepest layer of the hyaline cartilage exhibited calcification.

The articular fossa was covered by a thin layer of fibrous
tissue. GLeiween the condyle and the articular fossa was seen
the articular disc or meniscus, composed of dense connective
Lissue with bundles of collagenous fibers running in all
directions. Immediately above and below the disc the upper aand
lower articular spaces or compartments were noted.

The ifracture sites were not demonstrable histologically in
any of the operated animals. However, gross examination at
sacrifice revealed normal healing and repair of bone.No gross
deformities were found and the transosseous wires were found

to be iwbedded within the substance of the bone.
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DISCUSSIUN

In this study, the normal anatomic relationship of the
temporomandibular joint was restored, following unilateral and
bilateral surgical fracture dislocations of the mandibular
condyle in young Macaca rhesus monkeys. The teuporomandibular
articulation, in the Mgcaca rhesus monkey differs irom that of
human in tkat the condylar neck is shorter, the glenoid fossa
shallower, there is less prominent eminence and a larger post
glenoid process.

In all of the operated monkeys the histologic and gross
findings were comparable to those of the controls. The only
abnormal finding being the transosseous wire in the operated
monkeys .

Reconstruction of the condyle did not appear to be affecied
by allowing the jaws to be mobilized and functiomnal post-opera-
tively. This may be explained by the fact that the monkeys did
not resume a completely normal diet until three days post-

operatively and had limited function for amn additional one to
three days due to the attendant post-operative edema and trismus.
Since callus formation in the young is rapid this short period
of limited functiom and early mobilization may account for the
excellent post-surgical resulis obtained in this study.

Predominant thought, for the treatment of fracture dislo-
cations of the mandibular condyle, has tended to be comnservative.

However, a review of the ligerature reveals that while good




results are usually obtained by conservative treatment, iher@
remain those cases in which some degree of morbidity has
resulted. This way manifest itself as an open bite, deviation
to the affected side upon opening, limitation of nomal mandi-
bular motion, retarded growth or ankylosis. It would, therefore,
seem that the iine results which may be obtained by open

reduction certainly justify its use.
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SUMMARY AND CUNCLUSION
SUMMARY :

In this study six young Macaca rhesus monkeys were subjected
to unilateral and bilateral fracture dislocations of the mandi-
bular condyle, followed by open reduction and fixatiom with
transosseous sSiainless steel wire. Three monkeys were operated
bilaterally, three unilaterally and two served as controls.

The animals were sacrificed in pairs, at two month intervalsi.
The controls were sacrificed at four and dix month intervals.
In all of the operated monkeys the radiographic, histologic
and gross findings were comparable to those of the comtrol

abpimals.

CONCLUSIUN:

Unilateral and bilateral fracture dislocations of the
mandibular condyle in young Macaca rhesus monkeys heal without
gross or histologic changes when the normal zanatomic relation-

ship i8 restored by means of open reduction add fixation.
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TABLE I

Vet 0 - Days 2 -~ Months 4 - Months 6 - Months.
1UR 6 1lbs. 12 0z. 6 lbs. 14 oz, 7 lbs. 7 lbs, 2 oz.
2B 4 los. T oz. 5 lbs, 6 lbs. 7 lbs., 14 oz.
3 UR 6 1lbs. 9 oz. 6 lbs, 15 oz. 7 lbs.

4 B 5 lbs., 4 oz, © lbs. 3 oz, 7 lbs.

5 UR 5 1lbs. 2 oz. 5 lbs., 4 oz.

€ B 4 1lbs., 8 o0z. 4 lbs. 12 oz,

C1 4 lbs., 13 oz. O lbs. 2 oz. 5 lbs.

c 2 4 lbs. 8 oz, 4 lbs, 15 0oz, 5 lbs. 6 1lbs. 1 oz.
Denti-

tion

1 UR Deciduous Deciduous Mixed Mixed

2 B " " Mixed Mixed

3 UR " " Mixed

4 B " " Mixed

5 UR e "

6 B 7" "

C l 11} "t

C 2 " 1

Occlu~

sal De-

fects

1 UR None None None None

2 B et " tt "

3 vR i3] e "

4 B it 9 Tt

5 UR

6 B

C l 12 ]

C 2 i44 "
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Figure

I

Photograph of post-operative radiograph (antero-

posterior view )

denonsirating the transovsseocus stain-

less steel wire in the unilaterally operated animal

at sacrifice. (six months).
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Figure I




Figure 2

Photograph of post-operative radiograph (antero-

posterior view) demonstrating the transosseous stainless
steel wires in a bilaterally operated animal, at sacrifice.
( six months).
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Figure ‘2
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Figure 3

Photograph of post-operative radiograph (antero-
posterior view) demonstrating the transousseous stainless
steel wire in a unilaterally operated animal, at
sacrifice. (four months).




Figure 3
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Figure 4

Photograph of post-operative radiograph (antero-~
posterivr view) demonstrating the transossecus Stainless
Steel wires in a bilaterally operated animal, at
sacrifice. (four montas).
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Figure 4
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Figure 5

Photograph of post-operative radiocgraph (antero-
posterior view) demounstrating the transosseous stain-
less steel wire in a unilaterally operated animal,

at sacrifice. (two months).
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Figure O
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Pigure ©

Photograph of posi-operative radiograph (antero-
posterior view demonstrating the transosseous stainless
steel wires in a bilaterally operated animal, at sacrifice.

(two months).




Figure 6
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Figure 7

Photograpt of radiograph (antero-posterior view)
of control animal at sacrifice., (four months).
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Figure 7
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Figure 8

Photograph of radiograph (antero-posterior view)
of comtrol animal, at sacrifice. (four months).
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Figure 8
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Figure U

Photomicrograph of left temporomandibular articulation
of bilaterally ovperated animal (six wonths) specimen.
demonstracting:

. Temporal bone.

Articulax disc,
Avascular fibrous tissue.
Hyaline cartilage.

Bone trabeculsae.
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Figure 10

Photomicrograph of right temporomandibular articulation
of bilaterally operated animal (six months specimen)
demonstrating:

Temporal bone.

Articular disc.
Avascular fibrous tissue.
Hyaline cartilage.

Bone trabeculae.

HmUGw>»
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Figure 10




Figure 11

Photomicrograph of temporomandibular articulation of
s8ix months conirol animal, demonstrating:

A. Tewmporal bone.

B, Articular disc.

C. Avascular fibrous tissue.
D. Hyaline cartilage.

E. Bone trabeculae.
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