Temporomandibular Joint Adaptations
Associated With Herbst Appliance Treatment
in Juvenile Rhesus Monkeys (Macaca
mulatta)
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This study evaluated histologically the temporomandibular joint and poste-
rior ramal regions in juvenile Rhesus monkeys whose mandibles had been
positioned forward with a Herbst appliance. Acrylic splint Herbst appliances
were bonded to the maxillary and mandibular dental arches of 20 male
juvenile animals. The animals were killed at 3-, 6-, 12-, and 24-week intervals
after appliance placement. Seven male juvenile Rhesus monkeys served as
controls. The TMJ regions, including the posterior border of the rami, then
were prepared for qualitative and quantitative histological analysis. Linear
measurements were obtained by way of Bioquant microscopic equipment
{Bioquant Image Analysis Corp, Nashville, TN). Structural adaptations were
noted in the mandibular condyle, infratemporal fossa, and the posterior
ramal border of the experimental animals in comparison to controls. Spe-
cifically, increased proliferation of the condylar cartilage was noted. These
adaptations occurred primarily in the posterior and posterosuperior condy-
lar regions. Bone deposition was noted along the anterior border of the
postglenoid spine; bone resorption occurred along its posterior border.
Significant bony apposition also was evident along the posterior border of
the mandibular ramus during early experimental periods. No gross or mi-
croscopic pathological changes were noted in the temporomandibular joint
in any of the animals. The results of this study indicate that the response of
the temporomandibular joint region in the juvenile animals undergoing
forced mandibular protrusion with the Herbst bite-jumping mechanism is
similar to previous studies investigating the response to functional protru-
sion with cast occlusal splints. This study also may provide some insight
into the general changes occurring microscopically in the temporomandib-
ular joint regions of growing patients undergoing Herbst appliance therapy.
(Semin Orthod 2003;9:12-25.) Copyright 2003, Elsevier Science (USA). All
rights reserved.
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Perhaps more than any other type of func-
tional appliance, whether fixed or remov-
able, the treatment effects produced by the
banded Herbst appliance in humans have been
well documented in clinical studies, especially by
Pancherz and coworkers.!'!> Other investigators
have evaluated alternative designs, including the
cast Herbst appliance by Wieslander,'%!” the
acrylic splint Herbst appliance by McNamara
and coworkers,!31* and the stainless steel crown
appliance by Burkhardt and coworkers.?

Most clinical studies of Herbst appliance
treatment, regardless of the design of the appli-
ance, have indicated that in general the effects
of treatment are divided more or less equally
into dentoalveolar and skeletal effects. The 2
main dentoalveolar effects include the distaliza-
tion of the maxillary molars and the forward
movement of the mandibular dentition. Maxil-
lary molar distalization is similar in many re-
spects to that which might occur after the use of
extraoral traction, in that the first molar usually
is in a position 2.0 to 2.5 mm posterior to that
observed in untreated Class II individuals fol-
lowed for a similar period of time. The skeletal
treatment effects consist primarily of mandibu-
lar adaptations, with relatively minor adapta-
tions observed in the maxillary complex. Typi-
cally, the length of the mandible increases about
2.5 mm more than in matched untreated con-
trols during the time of Herbst appliance
wear. 1,5.9,18

Previous Experimental Studies

Although much is known about the effects of the
Herbst appliance as observed clinically, relatively
few experimental studies specifically have con-
sidered the structural adaptations produced by
the Herbst appliance, an appliance that forces a
forward mandibular position by way of the
Herbst bitejumping mechanism.?' Rather, the
more general experimental model of functional
protrusion has been studied extensively, a model
in which cast overlays typically have been used to
create a Class III occlusal relationship.

Studies of Functional Protrusion

Breitner??2+ was the first to conduct such exper-
iments, followed by those of Haupl and Psan-
sky,?® Hoffer and Colico,?® Derichsweiler and

Baume,?”2% Hiniker and Ramfjord,* Joho,* and
Stockli and Willert.?! These studies, conducted
primarily in nonhuman primates, were charac-
terized by occlusal alterations from a normal to
a Class III relationship, similar in concept but
different in specifics from the correction of a
Class II occlusal relationship to a normal occlu-
sion.

A number of these early investigators?=-26.28.81
showed that the condylar cartilage is capable of
exhibiting compensatory tissue responses after
experimental alteration of the mandibular func-
tional position. Breitner?*2! also noted signifi-
cant adaptive changes in the temporal bone af-
ter functional protrusion, concluding that “a
mesial migration of the glenoid fossa” had oc-
curred. Similar findings were reported by Haupl
and Psansky,?® but other investigators2%-2%32 did
not observe evidence of significant forward mi-
gration of the glenoid fossa.

One of the most comprehensive series of in-
vestigations dealing with the issue of altering
mandibular growth has been conducted by
Petrovic, Stutzmann, and colleagues at the Uni-
versity of Strasbourg. Their initial studies’*3>
showed that anterior displacement of the man-
dibular condyle in rats resulted in increased
growth of the condylar cartilage. Charlier and
Petrovic® reported that the condylar cartilage
did not appear to have an independent growth
potential when isolated from its environmental
structures. After the mandible was displaced an-
teriorly, however, increased condylar growth oc-
curred through stimulation of the prechondro-
blastic and chondroblastic (proliferative) layers
of cells.®** A later study by Petrovic® indicated
that mandibular growth augmentation can be
achieved in rats when appliances simulating
those used in clinical treatment of humans (eg,
bionator, Frankel appliance) are used.

Our group at the University of Michigan also
has conducted a series of investigations that have
considered craniofacial adaptations to prouru-
sive function, and they are summarized briefly
here. To study functional adaptations to changes
in mandibular postural position in the Rhesus
monkey, we have used many experimental de-
signs, most frequently the model of functional
protrusion.®”!" A unique aspect of these investi-
gations has been that both structural and func-
tional adaptations were considered simulta-
neously. For example, an increase in lateral
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pterygoid activity was associated with the forward
positioning of the lower jaw. This new functional
pattern was noted first with such phasic activities
as swallowing and subsequently with such tonic
functions as maintenance of the mandibular
postural position. As the experimental period
lengthened, however, there was a gradual return
toward the preappliance levels of muscle activity,
and this change was correlated in time with the
skeletal and dentoalveolar adaptations observed
in the same animals.

In another study of functional protrusion,?
the sequence of adaptation within the condylar
cartilage was examined on a cross-sectional basis.
Proliferation of the condylar cartilage was ob-
served as early as 2 weeks after appliance place-
ment. Maximum cartilage proliferation was ob-
served at 6 weeks, after which time there was a
gradual return to condylar morphology similar
to that observed in the temporomandibular re-
gions of control animals. A later cephalometric
investigation by McNamara and Bryan*! indi-
cated that the condylar cartilage proliferation
indeed was followed by increased bone deposi-
tion, leading to a lengthened mandible. In fact,
at the end of the active growth period that ex-
tended from the mixed dentition to after the
eruption of the third molars, the average length
of the mandible in the experimental group was
5 to 6 mm longer than that of the control ani-
mals.

Studies of Forced Protrusion

In contrast to the numerous clinical studies of
Herbst treatment, relatively few studies of the
Herbst bitejumping mechanism have been car-
ried out in experimental animals. Woodside
and coworkers*? reported that after placement
of a Herbst appliance in a juvenile Cynomolgus
monkey (Macaca fascicularis) for a 13-week ex-
perimental period during which a Class III mal-
occlusion was created, a small amount of remod-
eling was noted in the superior aspect of the
condyle. Ground sections with tetracycline vital
staining and decalcified sections stained with
hematoxylin and eosin showed bone formation
on the surface of and within the mandibular
condyle. The glenoid fossa also showed exten-
sive bone formation in the posterior region after
13 weeks. Woodside and coworkers,'? on the
basis of the results from this and other experi-

ments also cited within the article, concluded
that chronic or continuous alteration in mandib-
ular position within the neuromuscular environ-
ment produces extensive condylar remodeling
and changes in mandibular size.

In a later study by Woodside and coworkers,**
7 Cynomolgus monkeys were used in a study of
Herbst appliance therapy. Five of the animals
wore Herbst appliances for 6 to 13 weeks; 2
additional animals wore inactivated appliances
as sham controls. The appliances were bonded
to the teeth and activated 2 mm initially. They
then were reactivated every 2 weeks for an addi-
tional 1 to 2 mm, with a total activation of 7 to 10
mm. One of the primary findings noted by
Woodside and coworkers** was a progressive an-
terior remodeling of the glenoid fossa produced
by continuous and progressive mandibular pro-
trusion, thus leading to an anterior reposition-
ing of the mandible.

It is important to note that not all of the
animals in the Woodside study were of the same
age. The investigators classified 1 animal as a

juvenile, 1 animal as an adult, and 3 animals

as adolescents. The 2 sham control animals
were also classified as adolescents. Proliferation
of condylar tissue and increased mandibular
length were seen only in the juvenile primate.
Adolescent primates in the permanent dentition
before the eruption of the third molars did not
show any condylar response. No condylar re-
sponse was observed in the adult animal as well.

One additional finding of significance was the
adaptations occurring in the posterior part of
the fibrous articular disc. Thickening of the tis-
sue in this region caused an eccentric reposition-
ing of the condylar head within the glenoid
fossa. This tissue contained enlarged active fi-
broblasts, most of which appeared in areas in
which the anterior displacement of the condyle
had increased the tension being exerted on the
fibers. These findings suggest that part of the
anterior displacement of the mandible may be
because of soft-tissue proliferation rather than
skeletal adaptations. A subsequent remodeling
of this soft tissue after the removal of the Herbst
appliance could explain in part some of the
relapse occasionally observed during the first
few months after the removal of the Herbst ap-
pliance in humans.

Not surprisingly, a number of questions re-
main regarding adaptations in the temporoman-
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dibular joint that occur during treatment with
the Herbst appliance. Thus, it is reasonable to
test the assumption that in a juvenile nonhuman
primate, the responses at the tissue level ob-
served within the temporomandibular joint with
the Herbst appliance will be similar in nature,
sequence, and timing to those observed in a
functional protrusion model by adapting the
Herbst appliance specifically for use in a nonhu-
man primate. Therefore, the purpose of this
study was to investigate histologically the tissue
responses produced by the Herbst appliance on
the condyle, posterior border of the mandible
and portions of the infratemporal fossa.

Materials and Methods

The experimental group consisted of 20 juvenile
male Rhesus monkeys (Macaca mulatta). Their
average age at the conclusion of the study period
was 28 months. Each experimental animal
wore an acrylic splint Herbst appliance*> that
was bonded to the maxillary and mandibular
dentitions (Fig 1). The Herbst bitejumping
mechanism, however, was reversed so that im-
pingement of the mandibular ramus by the pro-
truding end of the plunger was avoided. All
animals were maintained uneventfully until they
were terminated at regular intervals. Four juve-
nile animals were sacrificed after 3 weeks, 6 after
6 weeks, 6 after 12 weeks, and the remaining 4
monkeys after 24 weeks. In addition, 7 juvenile
male monkeys served as controls.

The Herbst bitejumping mechanism was con-
nected through acrylic splints of a design similar

Figure 1. Intraoral photograph of the bonded acrylic
splint Herbst appliance adapted for use in the Rhesus
monkey. The Herbst bitejumping mechanism is re-
versed to avoid ramal impingement posteriorly.

to that used in human patients.?” The only vari-
ation in the design was the addition of full cov-
erage of the palate and maxillary anterior teeth.
The splint was bonded in place using Excel™
adhesive  (Reliance Orthodontic Products,
Itasca, IL). The actual amount of advancement
(2.8 mm) was determined cephalometrically,
with the amount of advancement varying slightly
among animals. No subsequent reactivations of
the appliances were performed.

Histological Analysis

Before sacrifice, heparin (300-500 U/kg) was
injected intravenously into each animal to facil-
itate tissue preparation for histological section-
ing and staining. The animal was anesthetized
intramuscularly with Xylazine (Haver-Lockhart
Miles Laboratory, Shawnee, KS) (1-2 mg/kg)
and intravenously with pentobarbital sodium
(8-10 mg/kg), sacrificed by catheterization of
the left ventricle or the carotid artery, and pro-
fused with an AFA fixative (acetic acid, fomalin,
95% ethyl alcohol). After death, the head was
removed surgically from the torso and placed
into a solution of 10% neutral buffered formalin
before the removal of the temporomandibular

joint regions bilaterally. The left and right tem-

poromandibular joint regions were removed en
bloc, immersed in Bouin’s fixative for 72 hours,
and then decalcified in Warshawsky's ethyl-
enediamine tetracetic acid. Decalcification usu-
ally was complete in 3 to 6 weeks and verified
radiographically.

Tissue preparation followed our routine lab-
oratory dehydration and infiltration protocol.
The tissue blocks were imbedded in paraffin,
sectioned at 18 1o 22 um, and stained with a
hematoxylin and eosin stain. The tissue sections
then were evaluated both qualitatively and quan-
titatively using light microscopy. The portions of
the study requiring linear measurements were
quantified with Bioquant microscopic equip-
ment (Bioquant Image Analysis Corp, Nashville
TN). Various anatomical structures in the tem-
poromandibular joint arca were identified and
studied based on the locations within the joint
from which the sections were cut. Structures
studied from central sections included the man-
dibular condyle and the posterior border of the
mandible. The postglenoid spine was studied
using more medial sections. Three central sec-
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tions and 2 medial sections from each joint were
evaluated.

Statistical Analysis

A t test was used to evaluate the condylar artic-
ular tissues and cartilage for difference between
control and experimented animals. The least
squares regression analysis was used to detect
significant variations within experimental groups
for articular tissue and condylar cartilage width.

The postglenoid spine, presence of ossified
cartilage in the condyle, and the posterior bor-
der of the mandible were evaluated by assigning
them a degree of expression rating of 0 to 3 (0,
none; 1, minimal; 2, moderate; 3, extensive). A
bony cap underlying the condylar cartilage was
judged simply to be present or not. A chi-square
analysis was used to evaluate the postglenoid
spine, ossified cartilage, and posterior border of
the mandible. Two histological sections per joint
were used to evaluate the postglenoid spine, and
3 sections per joint were used for the ossified
cartilage and posterior border of the mandible.
To use the chi-square analysis, the combined
readings of each joint and ramus were collapsed
into either a 0-1 or 2-3 category. Occasionally,
the combined rating for a joint or ramus was
between the 0-1 or 2-3 category. In these in-
stances, the particular joint or ramus was elimi-
nated from the chi-square analysis.

To evaluate differences among the experi-
mental groups, a 2 X 4 chi-square test was used.

Even with small sample size, these tests ade-
quately protect against incorrectly rejecting the
null hypothesis (ie, committing a type I error).4¢
To compare the respective experimental groups
with the control group, a 2 X 2 chisquare test
was used. Because adequacy of power is at is-
sue,*” we did not correct the text statistics or use
Fisher’s exact probability test.4®

The error of the measurement for the quan-
titative data was determined by repeating the
measuring of 10 control and 10 experimental
sections. The error was within acceptable limits.

Results

Although the general anatomic configuration of
the temporomandibular joint of the monkey is
similar to that of man, there are some structural
differences. The temporomandibular joint re-
gions of both species are characterized by the
presence of a mandibular condyle, articular
disk, glenoid fossa, and articular eminence (Fig
2A). The most striking difference between the 2
species is the postglenoid spine, a vertical struc-
ture that is located just anterior to the external
auditory meatus.

The results from this study will be considered
according to each anatomic area (ie, articular
and cartilaginous tissues of the condyle, postgle-
noid spine, condylar tissues beneath the carti-
lage, and the posterior border of the mandibu-
lar ramus).

Figure 2. The temporomandibular joint of a juvenile control animal. Lower power view shows the mandibular
condyle, the articular disk and retrodiscal region, the articular eminence, and the postglenoid spine. The external
auditory meatus (not shown) is located posterior to the postglenoid spine (A). Higher power view showing the
articular cartilage covering the mandibular condyle and the prechondroblastic-chondroblastic layer of condylar
cartilage overlying the bony trabeculae of the condyle. The retrodiscal region also can be observed (B).
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Condylar Cartilage

Two distinct soft-tissue layers were identified in
the external surfaces of the mandibular condyle
(Fig 2B), the condylar cartilage layer covered by
the dense articular tissue layer. The condylar
cartilage resembled actively growing secondary
cartilage and was divided arbitrarily into pre-
chondroblastic and chondroblastic zones. The
thickest portion of the cartilage was found in the
posterosuperior area (312 um) of the condyle
followed by the posterior (272 um) and superior
(248 um) regions (Fig 3).

The hyperplasia and hypertrophy of the pre-
chondroblastic and chondroblastic layers of car-
tilage was evident in both the posterior and pos-
terosuperior areas by three weeks (Fig 4). The
increase in cartilage thickness was significant
particularly in the posterior region, in which the
mean width increased from 272 pm to 511 pum
(Fig 3). In contrast to these 2 areas, however, the
minimal width increase in the thickness of the
superior cartilage was not statistically significant
(Table 1).

The adaptive hyperplasia and hypertrophy of
the condylar cartilage varied from 6 (Fig 5), 12
(Fig 6), and 24 (Fig 7) weeks after appliance
placement. On the superior portion of the con-
dyle, the cartilage decreased in width (P < .05)
briefly at 6 weeks but then resumed a width that

um Posterior Articular gm

alnnn

was not significantly different from the controls
in the 6-week (P < .001), 12-week (P << .01) and
24-week (p < .01) intervals (Fig 3, Tables 1 and
2). The cartilage of the posterior region re-
sponded in a manner similar to the posterosu-
perior aspect, except at the 12th-week period
when the width difference from the control was
significant at only P < .05 (Fig 3, Tables 1 and
2). Thus, it can be seen that the adaptive re-
sponse of the posterior and posterosuperior con-
dylar cartilage was significantly greater in exper-
imental animals than in the controls.

Articular Tissue

The articular tissue (Fig 2B) consisted of dense
irregular connective tissue with fibers generally
arranged parallel to the cartilaginous surface of
the condyle. The width of this tissue varied, with
the posterior area being thickest (116.4 um),
diminishing in the posterior superior region,
and being thinnest in the superior zone (Fig 3).

The animals terminated after wearing the
Herbst appliance for 3 weeks (Fig 4) showed
significant, although variable, increases in artic-
ular tissue width (Fig 3). The posterior superior
and superior areas thickened more (P < .001)
than did the posterior articular tissues (P <C.05).
After the initial widening of the articular tissue
observed at 3 weeks, however, these connective

Superior Articular

Figure 3. Graphic representation of the relative thicknesses of the articular and condylar cartilages of the
mandibular condyle, as determined by the Bioquant measuring system. For each condyle, the thicknesses were
determined at 3 regions: superior, posterosuperior, and posterior.
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Figure 4. The temporomandibular joint region of two 3-week experimental animals. Lower power views of the
overall condylar morphology. Note the thickening of the condylar cartilage in both views (A and C). Increased
bone deposition can be observed along the anterior border of the postglenoid spine. Increased bone deposition
along the posterior border of the glenoid fossa also can be observed (A and C). Higher power views of the
mandibular condyles of the same 2 animals (B and D).

tissues maintained a thickness that was not sta-  and for the posterior articular area even to the
tistically significantly different from the controls. 24th week (Fig 3). It should be noted that even

The consistency in articular width continued  though the articular tissue widths of the poste-
through the 6th and 12th experimental week  rior superior areas were different from the con-

Table 1. Juvenile Control Versus Juvenile Experimental (¢ test)

3wk (n=28) 6wk (n=12) 12wk (n = 12) 24wk (n=28§)

Posterior

articular cartilage * NS NS NS
Posterosuperior

articular cartilage T NS NS t
Superior

articular cartilage b NS NS b
Posterior

condylar cartilage 1 1 * T
Posterosuperior

condylar cartilage t T ¥ T
Superior

condylar cartilage NS * NS NS

Abbreviations: NS, not significant; n, number of temporal mandibular joints (includes right and left joints).
P <05,

P < .0l

1P < .001.
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Figure 5. The temporomandibular joint region of a 6-week experimental animal. Lower power (A). Higher
power of the mandibular condyle. Note the endochondral bone formation occurring under the proliferation of
the condylar cartilage. Islands of calcified cartilage matrix can be observed within the trabeculae (B).

Figure 6. The temporomandibular joint region of a 12-week experimental animal. Lower power view that
features an increase proliferation of the condylar cartilage, particularly in the posterior region of the condyle
(A). Higher power view of the mandibular condyle from the same joint (B). Higher power view of the posterior
ramal area from the same joint (C). Both intramembranous and endochondral bone deposition is evident.
Higher power view of mandibular condyle from a control animal (D).
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Figure 7. The temporomandibular joint region of a 24-week experimental animal. Lower power view of the
temporomandibular joint region. The postglenoid spine is not present in this medial section (A). Higher power
view of the mandibular condyle. Note the increased thickness of the condylar cartilage (B).

trols (P << .001), their mean values were less than
the controls (Table 1).

Postglenoid Spine

Typically, the posterior surface of the postgle-
noid spine in the control animals was quiescent,
in that no deposition or resorption of bone was
evident in any of the sections analyzed (Table 3).
In contrast, the posterior surface of the postgle-
noid spine showed a significant increase in re-
sorption for the 3-, 6-, and 12-week experimental
groups; the 24-week experimental group was not
significantly different from controls. In contrast,
the posterior surface showed no significant dif-
ferences between any of the groups when exam-
ined for bony appositional activity.

In the control animals, bone deposition was
not evident along the anterior surface of the
postglenoid spine; however, areas of bone re-
sorption were present along this surface. A
significant increase in bone deposition activity
began to take place immediately in the experi-
mental groups (Fig 8) and continued to be sig-
nificantly greater than controls through the 12th
experimental week (Tables 3 and 4). It is inter-

esting to note that the level of significance de-
clined during the 12th experimental week and
disappeared altogether at the 24th week. In con-
trast, the posterior surface of the postglenoid
spine showed no significant resorptive activity in
control or experimental animals until the 24th
week of appliance use was reached. At this point,
half of the specimens examined showed poste-
rior surface resorption.

Bony Cap

The presence or absence of a coalesced bony
cap area below the condylar cartilage may be an
indicator of the degree of bone formation activ-
ity. There was not significant evidence of a bony
cap for either the control or experimental
groups (Tables 3 and 4).

Ossified Cartilage

Cartilage, which is actively proliferating and
functioning as a progenitor of new bone, under-
goes several morphologic stages. The last stage,
which occurs just before ossification and trabec-
ulae formation, has been defined as ossified car-

Table 2. Least Squares Regression Analysis (3 Weeks, 6 Weeks, 12 Weeks, and 24 Weeks)

Posterior Post-Sup. Superior Posterior Post—Sup. Superior
Articular Articular Articular Condylar Condylar Condylar
Cartilage Cartilage Cartilage Cartilage Cartilage Cartilage
Juvenile Exp. NS 1 1 T * T
*P < .05.
P < .~1.

TP < 001,
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Figure 8. Postglenoid spine of a control juvenile Rhe-
sus monkey. Neither the anterior (right) nor poste-
rior (left) surfaces of the spine show evidence of bone
deposition or resorption (A). Postglenoid spine of a
3-week experimental animal (B). Deposition (D) of
new bone is occurring along the anterior aspect of the
postglenoid spine; resorption (R) of bone occurs
along its posterior border.

tilage, with the presence of calcified cartilage
matrix evident. This stage appears to be an in-
dicator of active bone formation. Both control
and experimental groups showed significant
amount of ossified cartilage, including trapped
islands of calcified cartilage matrix. There were
no significant differences between the groups,
however (Tables 3 and 4, Fig 9).

Posterior Border of the Mandibular Ramus

The posterior border of the mandibular ramus
was examined for resorptive and appositional
activity. The ramus showed essentially no resorp-
tion in any group, with no significant difference
between control and experimental groups.
There was, however, a significant increase in the
amount of appositional activity in the 3- and
t-week experimental groups when compared
with controls. By the time the 12th and 24th
experimental weeks were reached, there once
again were no significant differences from con-
trols (Tables 3 and 4, Fig 10).

Discussion

The results of this study are similar to our pre-
vious experimental studies of adaptation occur-
ring within the temporomandibular joint and
infratemporal fossa after alterations in man-

dibular posture in growing nonhuman pri-
mates'f58,4().4l‘49

Condylar Adaptations

The adaptive responses observed in the pre-
chondroblastic and chondroblastic layers of the
condylar cartilage reached a maximum at 3
weeks and generally diminished in intensity after
that time. The exception to this observation was
in the superior cartilaginous area, in which the
only statistically significant difference between
controls and experimental animals occurred at 6
weeks when the width of the cartilage decreased.
Previous studies by McNamara and Bryan*! indi-
cate that the length of the mandible can be
increased significantly (ie, 5-6 mm) over control
values at the end of the growth period when
a functionally protrusive appliance is used in
growing monkeys.

The articular tissues overlying the condylar
cartilage also responded somewhat to the
change in mandibular posture. There was a sig-
nificant increase in the widith of the articular
tissue at 3 weeks, but subsequently it diminished
to a width similar to that of controls. It is inter-
esting, however, that the 24-week experimental
values for the posterosuperior and superior ar-
ticular zones were significantly less than the con-
trol widths.

The observations that generally show the car-
tilage and articular tissues to increase in width
the most during the first few weeks of appliance
wear perhaps can be explained as follows: bony
development in the condyle is preceded by the
proliferation and maturation of secondary con-
dylar cartilage. Our data show the proliferative
effect that a torward positioning of the mandible
initiates. There may be, however, a lag period
between the time when cartilage proliferation is
established and when the subsequent bone for-
mation begins. Thus, it is possible that bone
formation plays catch-up for several weeks, and
the cartilage layers will appear to be returning to
a width similar to controls. This observation
should not be interpreted necessarily as a slow-
ing down of cartilage proliferation but rather an
indicator that bony trabecular formation has
caught up and is now keeping pace with the
increased rate of cartilage formation.
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Table 3. Juvenile Control and Experimental Data Indicating the Presence or Absence of Certain Histological
Characteristics for the Anatomic Areas Listed

3—wk 6-wk 12-wk 24-wk
Control Experiment Experiment Experiment Experiment
Anatomic Areas n % n % n % n % n %
Post glenoid spine—posterior
surface resorption
0-1 17 100 5 62 3 43 4 57 6 86
2-3 0 0 3 38 4 57 3 43 1 14
Post glenoid spine—posterior
surface apposition
0-1 19 100 8 100 8 100 8 89 7 88
2-3 0 0 0 0 0 0 1 11 1 12
Post glenoid spine—anterior
surface resorption
0-1 15 88 8 100 8 100 8 89 4 50
2-3 2 12 0 0 0 0 1 11 4 50
Post glenoid spine-anterior
surface apposition
0-1 19 100 0 0 0 0 7 78 7 100
2-3 0 0 8 100 4 100 2 22 0 0
Presence of bony cap-condyle
Yes 1 5 0 0 0 0 0 0 0 0
No 18 95 3 100 12 100 12 100 8 100
Ossified cartilage—condyle
0-1 1 6 0 0 0 0 0 0 0 0
2-3 17 94 8 100 12 100 12 100 8 100
Posterior border of ramus-
resorption
0-1 18 95 8 100 12 100 11 92 8 100
2-3 1 5 0 0 0 0 1 8 0 0
Posterior border of ramus—
apposition
0-1 11 73 0 0 2 18 8 73 4 57
2-3 4 27 8 100 9 82 3 27 3 43

Abbreviations: n, number of temporal mandibular joints for each category (includes right and left); 0-1, none-minimal; 2-3,
moderate—extensive.

Note. Two or 3 slides were evaluated for each joint area and judged collectively to be either in the 0-1 or 2-3 category. If they
were judged to be between the 2 categories, they were omitted from the above data compilation and chi-square analysis.

Table 4. Chi-Square Test for Statistical Significance for Individual Anatomic Areas

Chi-Square (Control Group Compared With Each Experimental 2X4 Chi-Square all 4

CGroup Individually) Experimenial Groups
3wk 6-wk 12-wk 24-wk Group Compared
Anatomical Areas Experiment Experiment Experiment Experiment Among Themselves
Post glenoid spine—posterior
surface resorption T t + NS NS
Post glenoid spine-posterior
surface apposition NS NS NS NS NS
Post glenoid spine-anterior
surface resorption NS NS NS * #*
Post glenoid spine-anterior
surface apposition T 1 NA* NS T
Presence of bony cap—condyle NS NS NS NS NS
Ossified cartilage—condyle NS NS NS NS NS
Post. border of ramus—resorption NS NS NS NS NS
Post. border of ramus—apposition T + NS NS 1

Abbreviations: n, number of temporal mandibular joints for each category (includes right and left); NS, not significant; NA =
chi-square not appropriate to calculate because of excessive zeros in the 2 X 2 configuration.

#P <05,

+P < .01.

P < .001.
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Figure 9. Mandibular condyle of 6-week experimen-
tal animal showing many areas of calcified cartilage
matrix within the bony trabeculae.

Temporal Adaptations

A prominent anatomic feature of the Rhesus
monkey is the postglenoid spine, which is lo-
cated posteriorly and laterally to the glenoid
fossa (Figs 2 and 8). Deposition of new bone
along the anterior surface of the postglenoid
spine can be considered evidence that an ante-
rior repositioning of the glenoid fossa occurred,
as originally described by Breitner?>2+ in the
1930s.

In the current study, the posterior surface of
the postglenoid spine began to under go signif-
icant surface resorption at three weeks and con-
tinued to do so through the 12th experimental
week. The posterior surface of the postglenoid
spine, however, did not show any significant ap-
positional activity. In contrast, the anterior sur-
face of the postglenoid spine showed significant
bony apposition during the same period but did
not show any degree of resorption until the 24th
week. It would appear from these observations
that the postglenoid spine and therefore the
glenoid fossa responded to the forward position-
ing of the mandible by migrating more anteri-
orly. This observation is consistent with our ear-
lier findings on bony alterations secondary to
protrusive function,***!# as well as with those of
Woodside and coworkers.*?

Mandibular Ramus

The posterior border of the ramus also showed
signs of responding to the forward positioning
of the mandible. This was evidenced by a signif-
icant increase in the amount of bony apposition

that occurred through the first 6 weeks of the
study. This bony apposition of the ramus contin-
ued throughout the experimental period, but by
the 12th and 24th week periods, it had returned
to a degree of activity similar to the controls.
These findings concerning forced protrusion
also are consistent with our earlier studies involv-
ing the functional protrusion model.#-#1-19

Summary and Conclusions

The purpose of this study was to evaluate histo-
logically the temporomandibular joint, glenoid
fossa, and the posterior border of the mandible
in juvenile Rhesus monkeys whose mandibles
had been positioned forward with a Herbst ap-
pliance. Acrvlic splint Herbst appliances were
bonded to the upper and lower dental arches of
20 male juvenile animals. The animals were ter-
minated at 3-, 6-, 12- and 24-week intervals after
appliance placement. Seven male juvenile Rhe-
sus monkeys served as controls. The temporo-
mandibular joint, infratemporal fossa area, and
the posterior border of the ramus then were
prepared for and analyzed histologically.

The results of this study indicate that both
condylar temporal bone and mandibular ramus
adaptations occur after placement of the Herbst
appliance. The following adaptations were ob-
served:

Figure 10. Deposition of new bone along the poste-
rior border of the mandibular ramus in a 3-week
experimental animal (A). Deposition of new bone
along the posterior border of the mandibular ramus
in a 12-week animal. The bony architecture is more
organized than that in the 3-week animal (B).
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. Increased proliferation of the condylar carti-

lage was noted. These adaptations occurred
primarily in the posterior and posterosupe-
rior regions of the condyle.

. Significant deposition of new bone on the

anterior surface of the postglenoid spine oc-
curred, indicating an anterior repositioning
of the glenoid fossa.

. Significant bone resorption on the posterior

surface of the postglenoid spine was noted.
Significant bony apposition on the posterior
border of the mandibular ramus was evident
during early experimental periods.

No gross or microscopic pathological changes
were noted in the temporomandibular joint
of the juvenile Rhesus monkey.

The result of any study in animals, even in

nonhuman primates, cannot be applied directly

to

human orthopedic treatment. Because the

tissue types and the morphology of the temporo-
mandibular joint are similar between monkey
and man, however, the findings of the present
study can be used to shed light on the changes
occurring in the temporomandibular joint re-
gion following Herbst appliance therapy in
growing patients.
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