Condylar Cartilage Response
to Continuous
Mandibular Displacement

Joseph Ghafari In the Rat
Carl Degroote

Continuous anterior and vertical displacement of the rat mandi-
ble produces an increase in area of the resting zone and acceler-
ated ossification of the hypertrophic zone. These responses differ
greatly from those reported with intermittent displacement. They
may be transient, or they may be an expression of accelerated
maturation.
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umerous studies of mandibular propulsion have focused on adaptive

changes of the condylar cartilage, with varying results. INGERVALL, FREDEN

AND HYDEN (1972) reviewed many early studies and attributed discrepancies between

reported results to differences in species and age of the animals used in the
various investigations.

BauMe AND DERICHSWEILER (1961) found an increase in growth of the posterior part
of the condyle following anterior displacement of the mandible in two Macaca
mulatta monkeys.

Following similar mandibular movement in infant, juvenile, adolescent and
adult rhesus monkeys (Macaca mularta) for experimental periods of 3 to 15
months, McNamara, CONNELLY AND MCBRIDE (1975) reported alteration in amount
and direction of growth of the mandibular condyle only in the rapidly-growing
animals, corresponding to muscular (lateral pterygoid) and skeletal responses.
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The initial changes involved hypertro-
phy and hyperplasia of the prechondrob-
lastic (resting) and chondroblastic
(proliferative and hypertrophic) zones of
the articular cartilage, particularly along
the posterior border of the condyle. This
response was maximal after six weeks. It
then abated, so that by 10 weeks only
“normally occurring remodeling” was
seen. Continued cartilage proliferation at
12 weeks in one case was interpreted as
indicating differences in rate of adapta-
tion among animals.

PETROVIC, STUTZMANN AND OUDET (1975)
reported an increase in thickness of the
prechondroblastic and chondroblastic
zones following propulsion of the mandi-
ble in young rats 28 days old. Concomi-
tant decrease in length of the lateral
pterygoid muscle and hypertrophy of its
fibers indicated the increased activity of
this muscle. While MCNAMARA ET AL. (1975)
used continuous forces in the rhesus
monkeys, PETROVIC ET AL. (1975) applied
intermittent forces for 8-12 hours a day
for periods of 1, 2 and 4 weeks.

The present investigation was under-
taken as a preliminary study of the nature
of condylar response to continuous (24
hours a day) propulsion of the rat

mandible.

— Materials and Methods —

Eight 30-day-old male Sprague Dawley
rats were divided among control
(n=4) and experimental (n=4) groups.
An inclined plane, made of stainless steel
orthodontic band material 0.1lmmX
3.2mm, supported by acrylic, was bonded
to the upper incisors of the experimental
animals with composite resin to cause
continuous forward and inferior displace-
ment of the mandible (Fig. 1).

The animals were maintained on a reg-
ular diet. Twwenty-four days following the
insertion of the appliance, the animals
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were decapitated and their heads skinned
and fixed in 10% neutral buffered for-
malin. The tissues were decalcified in
equal parts of 7% sodium citrate and 33%
formic acid and processed for routine
histology.

Fig. 1

Inclined plane (P) cemented to the upper
incisors causes mandibular downward and
forward movement. Arrow — mandibular
incisors.

Serial sections of 6um each were cut
through the mandibular condyle in the
coronal plane, stained with hematoxylin
and eosin, and examined for cell and tis-
sue morphology. Representative sections
were examined to locate the central area
of the condylar cartilage, which was
selected on the basis of its shape and
uniformity compared with more periph-
eral areas, and on its position in the gle-
noid fossa.

The total surface and thickness of the
condylar cartilage, as well as the areas
and thicknesses of resting, proliferative
and hypertrophic zones, were measured
on a total of 20 sections covering 1.2mm
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in the central area of the condylar carti-
lage. Color slides were made of each
tenth histological section in a reproduci-
ble manner, using the Leitz Wetzlar
Orthoplan and Orthomat camera, at a
magnification of 10X. The slides were
then projected on a grid to give a total
magnification of 120 X, and the cartilagi-
nous zones traced. The limits of each
zone were defined on the basis of cell
morphology and matrix staining (Figs.
2,3).

The area of each cartilaginous zone was
measured with a planimeter and
expressed as a percentage of the total car-
tilage area. The means of these percent-
ages in control and experimental condyles
were compared statistically with Stu-
dent’s t-test.

The axis of the condyle was con-
structed as a line parallel to the condylar
neck, and equidistant from the parallel
tangents to the medial and lateral borders
of the condyle. The thickness of each of
the layers was then calculated as the mean
thickness of the respective layer in an
area of 250um (30mm on the tracing)
around the central axis of the condyle
(Fig. 2). Student’s t-test was also applied
to total thickness, thickness of the indi-
vidual zones, and their percentages of
total thickness in control and experimen-
tal condyles.

— Results —

Weight increase was observed in
experimental as well as control ani-
mals. However, at the time the experi-
ment was terminated, the experimental
animals had gained less weight than the
control animals (average gain 180 gm),
demonstrating that the normal function
of the experimental animals was impaired
by the oral device.

Histologically, the overall thickness of
the condylar cartilage was less in the
treated animals (222 +25.0um (SEM))
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Fig. 2

The central axis is parallel to the condyle
neck, and equidistant from the medial (M)
and lateral (L) borders of the condyle. The
thickness of each layer is calculated as the
mean thickness of the respective layer in
an area 250um wide around the central
axis.

than in the controls (285.5+25.9um
(SEM)), although this difference is not
statistically significant.

The area of the hypertrophic zone, rel-
ative to the total cartilaginous area, was
smaller in the experimental animals than
in the controls (p<0.01) (Fig. 3). The
hypertrophic zone was also significantly
narrower in both relative (p<0.01) and
direct (p <0.02) measurements (Figs. 3,
4, 5).

While no statistically significant differ-
ence was observed between the different
proliferative zones, the resting zone area
in experimental animals was larger than
in the controls (p<0.01). Likewise, the
thickness of this zone was greater, but
not at a statistically significant level.

When expressed in percentages of total
thickness, both resting (p<0.01) and
proliferative (p<0.05) zones were larger
in the experimental than in the controls.
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Fig. 3 Frontal sections through the central part of the mandibular condyle in
a control rat (A) and an experimental rat (B)

Resting (R) and proliferative (P) zones appear comparable in thick-
ness, while the hypertrophic (H) layer is thinner in the experimental
animal (B) than in the control (A).

E: erosion front (Hematoxylin and eosin X 110).
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Fig. 4 Means and standard deviations for area and thickness of resting,
proliferative and hypertrophic zones, expressed as percentage of total
area and thickness of the condylar cartilage.

Con = Control

— Discussion —

In rats developing normally, hyper-
trophic condylar cartilage matures to
a nonhypertrophic stage (DURKIN 1972,
DURKIN ET AL. 1973 AND 1979).

The sequence begins with chondrob-
lasts from the resting zone which pro-
duce cartilage matrix to become
chondrocytes in the proliferative zone.
They then hypertrophy (hypertrophic
zone), and the matrix calcifies
circumferentially.

The calcified matrix around the lowest
level of hypertrophic chondrocytes is next

Exp = Experimental

‘P<.05 ""P<.01

resorbed by chondroclasts in the zone of
erosion. Subsequently, subcondylar bone
is formed beneath this zone (Fig. 3).

Between 200 and 250 days of age, a
nonhypertrophic stage is attained, where
the hypertrophic zone and active erosion
are absent; the lower border of the carti-
lage merges directly with the subcondy-
lar bone.

The findings of this study demonstrate
an earlier ossification of the hypertrophic
cartilage in rats subjected to derange-
ment of the condylar environment by
mandibular propulsion. This conclusion
is supported by the decrease in area and
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Fig.5 Mean thicknesses and standard deviations (um) of resting, prolifera-
tive and hypertrophic zones, and total thickness of the condylar carti-

lage.

thickness of the hypertrophic zone in the
experimental animals. This phenomenon
perhaps reflects a static period in a
dynamic process.

Following mandibular displacement, an
initial increase in proliferation may have
been neutralized by a concurrent increase
in the rate of erosion of the hypertrophic
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*P<.02

cartilage. This explanation may account
for the proportional increase in the thick-
ness and area of the resting zone, and the
thickness of the proliferative zone.

It may be postulated that some of the
observed changes were induced by alter-
ation of normal growth, since increases
in body weight of experimental animals
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did not reach those of control animals.
However, condylar cartilage response to
some nutritional deficiencies results in
changes different from those observed in
this investigation; both ascorbic acid
deficiency and vitamin D deficiency lead
to increased cartilage thickness and dis-
turbed erosive activities (DURKIN 1972,
DURKIN ET AL. 1973 AND 1979). Nonetheless,
future studies should consider the nutri-
tional aspect to identify its effects and
then avoid them by dietary control.

The concept of adaptability of condy-
lar cartilage is supported by the present
findings as well as by Moss (1959), KoskI
AND MAKINEN (1963), GIANELLY AND MOOR-
REES (1965), Koski (1968), PIMENIDIS AND
GIANELLY (1972), DURKIN (1972), DURKIN ET
AL. (1973 AND 1979), AND (GHAFARI AND HEE-
LEY (1982). Condylar cartilage responds to
systemic hormonal or dietary disturb-
ances (DURKIN 1973 AND DURKIN ET AL.
1979), as well as to local changes like
modification of mechanical stress (INGER-
VALL ET AL. 1972, PETROVIC ET AL. 1975,
MCNAMARA ET AL. 1975, AND (GHAFARI AND
HEELEY 1982, TONGE ET AL. 1982).

Response of secondary cartilage to
pressure has been recognized in cartilagi-
nous areas other than the mandibular
condyle (PRITCHARD, SCOTT AND GIRGIS 1956,
VIGNON ET AL. 1973, AND BERESFORD 198I).
Earlier ossification of the sutural carti-
lage of rats has been reported following
alteration of pressure on the midpalatal
suture by displacement of the buccal
musculature away from the maxillary
dental arch (GHAFARI 1984).

In accordance with those findings, the
present investigation suggests that the
adaptive capability and/or growth poten-
tial of condylar cartilage may be regu-
lated and thus limited by the forces
exerted on it. Further investigation of
mandibular propulsion over longer
periods than those used in this study, as
well as measurements of ramal and con-
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dylar thicknesses, are required to support
this hypothesis.

Such an investigation would help to
determine whether the findings observed
after the interval studied are —

¢ Transient in nature, followed by a slow-
down in proliferation to ultimately
return to a normal histomorphological
picture relative to age.

® An expression of early maturation,
therefore an expression of the growth
potential already inherent in the
cartilage

® Fluctuate in response to altered force
levels transmitted to the cartilage as a
result of different functional positions.

At present, it may be concluded from
this study that the adaptive response of
the condylar cartilage reflects accelerated
ossification of the hypertrophic zone.
This was not observed following the
application of intermittent propulsion
with an advancement device inserted in
the rat’s mouth for 8-12 hours a day
(PeETROVIC ET AL. 1975 AND STUTZMANN AND
PETROVIC 1979).

The difference between the findings in
these experiments may be attributed to
the different cyclical nature of the forces
at the condyle. While intermittent pro-
pulsion may allow for a rebound of the
condylar response, continuous propul-
sion apparently does not.

BouvieER AND HYLANDER (1982) reported a
decrease in the proliferative and hyper-
trophic layers of the posterosuperior
region of macaque condyles with a soft
diet, and thinning of the superior condy-
lar region of rats on a soft diet. While
they found differences in adaptive loca-
tions in rat and macaque condyles, they
suggested that a lowering of loads on the
condyle may have accounted for their
results. Similar morphologic changes
have been reported in rats whose incisors
had been clipped or removed (Simon 1977),
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in rabbits whose mandibles were sub-
jected to retrusive forces (TsoLakIs 1981),
and in monkeys placed in intermaxillary
fixation (McNAMARA 1981),

Those studies tend to support the find-
ings and hypothesis enunciated in the
present study regarding regulation of
condylar adaptation by force loading. A
decrease in force levels through forward
and downward shift of the mandible, with
subsequent reduction of biting forces and
dietary alteration, could account for the
smaller condylar cartilage thickness and
area in the displaced mandibles observed
in this study.

The repositioning of the mandible with
a “hyperpropulsor’” in the experiments
of PETROVIC ET AL. (1975), would have also
led to decreased occlusal forces. How-
ever, since the daily removal of the
“hyperpropulsor” resulted in intermit-
tent displacement of the mandible, the
increased thickness of the prechondrob-
lastic and chondroblastic zones could
have been a result of the higher bite
forces during the periods of normal
function.

This same hypothesis may explain the
discrepancy between the present findings
and those following continuous propui-
sive forces in monkeys, where McNamara
ET AL. (1975) reported hypertrophy and
hyperplasia of prechondroblastic and
chondroblastic condylar layers. In their
model, they forced the macaque mandi-
ble forward with a fixed splint which
could have maintained increased biting
forces and condylar loads.

On the other hand, intermaxillary fixa-
tion which resulted in morphologic
change similar to the present findings
would have decreased the biting force and
condylar load in the macaque monkeys
(McNAMARA 1981),

Finally, differences observed in rat and
monkey studies may also be attributed to
the relative magnitude of mandibular dis-
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placement due to appliance design, to
species differences in the adaptive poten-
tial of the condylar cartilage (INGERVALL ET
AL. 1972), and /or the different genetic
growth programs in rats (vertical condy-
lar growth direction) and macaques
(upward and backward condylar growth
direction) (BouvIER AND HYLANDER 1982).

Mechanical stress may indeed dictate
proliferation or decrease of condylar car-
tilage, but the nature and limitation of
such adaptation are not yet known.

As already mentioned, future studies
attempting to further clarify condylar
response to mechanical changes must
look into the actual pressure levels gen-
erated through optimal or altered occlu-
sal forces, and their effect on condylar
response. Various types of forces with
controlled magnitude, direction, duration
and continuity must be evaluated.

— Summary —

A n inclined plane bonded to the
upper incisors of rats is used to pro-
duce continuous forward and downward
mandibular displacement, with the fol-
lowing effects —

* Histologically, the area of the resting
zone was increased and ossification of
the hypertrophic zone of the condylar
cartilage accelerated, demonstrating the
capability of this cartilage to adapt to a
functional alteration.

® The changes observed may be transient
in nature, may be an expression of early
maturation, or may fluctuate with var-
ious alterations in force levels transmit-
ted to the cartilage by different
functional positions of the mandible,

These observations differ greatly from
those reported following intermittent
displacement, which led to increased
thickness of the prechondroblastic and
chondroblastic zones.

The Angle Orthodontist®



Condylar Cartilage

REFERENCES

Baume, L. J. and Derischsweiller, H. 1961. Is the
condylar growth center responsive to orthodontic
therapy? Oral Surg. 14:347-362.

Beresford, W. A. 1981. Chondroid Bone, Secondary
Cartilage and Metaplasia. Baltimore, Munich:
Urban and Schwarzenberg.

Bouvier, M. and Hylander, W. L. 1982. The effect of
dietary consistency on morphology of the mandi-
bular condylar cartilage in young Macaques
(Macaca mulatta). In: Factors and Mechanisms
influencing Bone Growth, New York: A. R. Liss,
Inc., pp. 569-579.

Durkin, J. F. 1972. Secondary cartilage: a misnomer?
Am. J. Orthod. 62:15-41.

Durkin, J. F., Heeley, J. D. and Irving, J. T. 1973. The
cartilage of the mandibular condyle. Oral Sciences
Rev. 2:29-99.

Durkin, J. F., Heeley, ). D. and Irving, J. T. 1979.
Cartilage of the mandibular condyle. In: Temporo-
mandibular joint Function and Dysfunction. G. A.
Zarb and G. E. Carlsson, St. Louis: C. V. Mosby
Co., pp. 43-100.

Ghafari, J. and Heeley, J. D. 1982. Condylar adapta-
tion to muscle alteration in the rat. Angle Orthod.
51:26-37.

Ghafari. §. 1984. Palatal sutural response to buccal
muscular displacement in the rat. Am. /. Orthod.
85:351-356.

Gianelly, A. and Moorrees, C. F. A. 1965. Condylec-
tomy in the rat. Arch Oral Biol. 10:101-106.

Ingervall, B.. Freden, H. and Heyden, G. 1972. His-
tochemical study of mandibular joint adaptation
in experimental posterior mandibular displace-
ment in the rat. Arch Oral Biol. 17:661-671.

Koski, K. and Mékinen, L. 1963. Growth potential of
transplanted components of the mandibular ramus
of the rat. | Finska Tandiak 59:296-308.

Koski, K. 1968. Cranial growth centers: facts or fal-
lacies? Am. /. Orthod. 54:566-583.

McNamara, J. A, Jr. 1981. Functional determinants
of craniofacial size and shape. In: Craniofacial
Biology. S. D. Carlsson, Ed. Monograph 10, Crani-
ofacial Growth Series. Center for Human Growth
and Development, The University of Michigan,
Ann Arbor. pp. 181-221.

McNamara, J. A., Jr. Connelly, T. G. and McBride,
M. C. 1975. Histological studies of temporoman-
dibular joint adaptation. In: Determinants of Man-
dibular Form and Growth. J. A. McNamara, Jr.,
Ed., Monograph 4. Craniofacial Growth Series.
Center for Human Growth and Development, The
University of Michigan, Ann Arbor. pp209-227.

Moss, M. L. 1959. Embryology, growth and malfor-
mations of the temporomandibular toint. In: Dis-
orders of the Temporomandibular foint, L.
Schwartz, Ed., Philadelphia: W. B. Saunders Co.,
pp. 89-103.

Petrovic, A. G., Stutzmann, ). J. and OQudet, C. L.
1975. Control processes in the postnatal growth of
the condylar cartilage of the mandible. In: Deter-
minants of Mandibular Form and Growth. ). A.
McNamara, Jr., Ed., Monograph 4. Craniofacial
Growth Series. Center for Human Growth and
Development, The University of Michigan, Ann
Arbor. pp. 101-153.

Pimenidis, M. Z. and Gianelly, A. A. 1972. The
Effect of early postnatal condylectomy on the
growth of the mandible. Am. J. Orthod. 62:42-47.

Pritchard, ). J., Scott, J. H. and Girgis. F. G. 1956.
The structure and development of cranial and
facial sutures J. Anat. (London) 90:73-86.

Simon, M. R. 1977. The role of compressive forces
in the normal maturation of the condylar cartilage.
Acta Anat. 97:351-360.

Stutzmann, J. and Petrovic, A. 1979. Intrinsic regu-
lation of the condylar cartilage growth rate. Fur. /.
Orthod. 1:41-54.

Tonge, E. A., Heath, J. K., and Meikle, M. C. 1982.
Anterior mandibular displacement and condylar
growth; an experimental study in the rat. Am /.
Orthod. 82:277-287.

Tsolakis, A. I. 1981. Effects of posterior mandibular
traction in the rabbit: a cephalometric, histologic,
electromyographic study. Master’s Thesis, Case
Western Reserve University.

Vignon, E., Meunier, P., Arlot, M., Biossel, J. P,
Patricot, L. M. and Vignon, G. 1973. Données
histologiques quantitatives sur les modifications
du cartilage de la téte femorale humaine en fonc-
tion des zones de pression. Pathol. Biol. 21:1057-
1061.

The authors thank Drs. Z. Davidovitch, F.
Shanfeld (Ohio State University) and J. Heeley
(Forsyth Dental Center) for reviewing this

manuscript.
Supported by NIDR Grant No. RR-05337-19.

©The Angle Orthodontist )anuary, 1986

57

$S900E 98l] BIA $1-G0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



