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Using occlusal and interproximal tooth wear as indicators of
age, it is found that those animals with evident hypertrophy
and hyperplasia of the condylar cartilage are among the
youngest in the sample, supporting the view that adaptive
potential of the temporomandibular joint may diminish with
age.
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to changes in occlusion and functional jaw orthopedics has been well

documented (BAUME AND DERICHSWEILER 1961, STG CKLI AND WILLERT
1971, PETROVIC 1972, PETROVIC ET AL. 1975, ADAMS ET AL. 1972, CUTLER ET AL,
1972, JOHO 1973, MCNAMARA 1971, 1973, MCNAMARA ET AL. 1975, MCNAMARA
AND CARLSON 1980, HINIKER AND RAMFJORD 1966), the adaptive potential of the
adult or nearly adult TM] remains uncertain. A number of studies have suggested
that the capability for adaptive remodeling decreases or disappears with age
(ADAMS ET AL. 1972, MCNAMARA 1972, 1573, MCNAMARA ET AL. 1975, HINIKER

While the responsiveness of the growing temporomandibular joint (TM])

irdae AINIKEK

AND RAMFJORD 1966, RAMFJORD AND ENLOW 1966, RAMFJORD ET AL. I97I,
RAMFJORD AND BLANKENSHIP 1981). In a recent attempt to clarify this issue
(McNAMARA ET AL. 1982), we evaluated histologically the response of the TMJ in
twelve young adult female rhesus monkeys Macaca mularta fitted with fixed
functional protrusive appliances for periods ranging from two to twenty-four
weeks.

Dr. Hinton is an Assistant Professor in the Department of

Author Address: Gross Anatomy at Baylor College of Dentistry in Dallas, Texas.
He holds M.A. and Ph.D. degrees from the University of
Dr. Robert ]. Hinton Michigan.
Department of Gross
Anatomy Dr. McNamara is Professor of Anatomy and Cell Biology at the
Baylor College of University of Michigan Medical School, and Associate Research
Dentistry Scientist at the Center for Human Growth and Development.

3302 Gaston Ave.

Dallas, TX 75246 He is a graduate of the Orthodontic Program at the University

of California in San Francisco, and holds a Ph.D. in anatomy
from the University of Michigan.

154 The Angle Orthodontist Vol. 54 No. 2



Unlike the juvenile animals, considera-
ble variability in TM]J response was
noted. Half of the experimental subjects
displayed tissue responses that were qual-
itatively (but not quantitatively) similar
to those seen in juvenile animals. How-
ever, three animals developed crossbites
in response to appliance placement and
three animals who functioned anteriorly
showed virtually no perceptible condylar
response.

All animals were young, physiologi-
cally mature females with third molars in
occlusion, but exact ages were not avail-
able. This made it impossible to investi-
gate the direct relationship between
chronological age and the variability in
joint response.

This report describes —

1 The use of dental attrition data to estab-
lish relative ages of the experimental
animals

2 The application of these relative ages to
evaluate the extent to which chronolog-
ical age can account for the variation in
TM] responsiveness to protrusive
function.

Because of the almost universal pres-
ence of considerable attrition on the teeth
of aboriginal human groups, the study of
dental attrition has long been a tool of
anthropologists seeking to reconstruct
tooth usage and lifeway in peoples lack-
ing or predating recorded history (MoL-
NAR 1972).

By making certain assumptions con-
cerning eruption timing, stages of dental
attrition have been used to assign chron-
ological ages to individuals within a par-
ticular population (MILES 1962 AND 1963,
SAGNE 1976, AND HELM AND PRyYDSO
1979).

More recently, the degree of dental at-
trition has been shown to be highly cor-
related with known chronological age in
living Eskimos (TOMENCHUK 1979) and
Australian aborigines (RICHARDS AND
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BrowN 1981) , and has proven an accurate
method of establishing absolute and es-
pecially relative chronological ages in re-
lated test populations.

Assessment of attrition in the sample of
monkeys analyzed here actually requires
fewer assumptions than in human groups.
All animals were housed in the same place
and were fed an identical diet of monkey
chow, thus minimizing the possible influ-
ence of different environmental or dietary
conditions on rate of occlusal wear
(SMITH 1972, WALKER 1978). Moreover,
macaque molar teeth undergo attrition in
a sequence which varies relatively little
(GANTT 1979), and macaques show an ex-
tremely low incidence of tooth ‘loss or
malocclusion that might bias estimates of
attrition.

Materials and Methods

The experimental sample consisted of
twelve adult female rhesus monkeys (Ma-
caca mulatta). From mandibular and
maxillary alginate impressions taken on
each animal, a mandibular appliance was
constructed to induce a protrusive centric
occlusal relationship (Fig. 1). The appli-
ance caused a 2-3mm vertical (inferior)
displacement of the lower jaw and a hor-
izontal (anterior) displacement of 5mm.
Animals fitted with the protrusive appli-
ance were studied for periods of 2, 4, 6,
8, 12 and 24 weeks. A group of seven
untreated animals served as controls. All
animals were physiologically mature, with
third molars in occlusion, making them
at least 5.5 to 6 years of age (HURME AND
VAN WAGENEN 1961).

Prior to sacrifice, each animal was hep-
arinized and anesthetized with IM phen-
cyclidine HCI and IV sodium pentobar-
bital. Following catheterization of the left
ventricle or the carotid artery, the head
was perfused withr an AFA fixative (acetic
acid, formalin, 95% ETOH) and placed
into 10% neutral buffered formalin prior
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Fig. | Schematic representation of the protrusive appliance cemented on the
mandibular arch. Note the forward and slightly downward positioning of

the mandible.

to removal of the TM]J. Tissues were
processed according to routine histologi-
cal protocols, embedded in paraffin, sec-
tioned at 18-22um, and stained with
either hematoxylin and eosin or Masson’s
trichrome stain.

The attrition analysis was based on
casts of the maxillary dental arch of each
experimental animal, made prior to appli-
ance placement. Only the maxillary den-
tal arch was used because it exhibited
better preservation of occlusal morphol-
ogy. The degree of occlusal attrition on
the upper left maxillary first and second
molars was scored on an ordinal scale
with four levels of increasing cusp flatten-
ing and dentin exposure (Table 1). The
scale is based on a similar rating scheme
for humans (HINTON 1981), and is consist-
ent both in sequence and form of wear to
that established for a large series of ma-
caques (GANTT 1979). In addition, the
width of the interproximal wear facets
between the second premolar and first
maxillary molar and between the first and
second maxillary molars was measured as
described by HINTON (1982).

156 The Angle Orthodontist

Table 1

Attrition levels in
Assessment of occlusal wear
on maxillary molars

1 Minimal attrition, with no dentin ex-
posure and only minor blunting of
cusps

2 Considerable flattening of cusps and/
or small dentin exposures

3 Moderate patches of dentin expo-
sure, but still discrete

4 Coalescence of two or more areas of
dentin exposure

Results

Levels of occlusal attrition on the max-
illary first and second molars were
summed to yield an estimate of overall
tooth wear, thereby ranking individuals
from a possible minimum summed score
of 2 to a maximum of 8.

Vol. 54 No. 2
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Fig. 2 Frequency distribution of experimental animals with respect to summed

occlusal wear.

A frequency distribution for summed
occlusal attrition in the experimental an-
imals (Fig. 2) demonstrates relatively high
levels of occlusal wear in all three animals
that showed no TM] response to the pro-
trusive appliance. Two of these animals
exhibit the greatest degree of occlusal at-
trition in the entire experimental sample,
and the third animal is in the next highest
wear category.

In contrast, those animals who dis-
played a definite histological response
such as condylar hyperplasia, as well as
those who developed a crossbite, are dis-
tributed primarily through the lower two
wear categories. In general, the degree of
histological response to protrusive func-
tion is inversely correlated with the
amount of occlusal attrition (Figs. 3 and
4). '

Variation in size of the interproximal
wear facet, which has been shown to in-
crease with independently-derived assess-
ments of skeletal age (HINTON 1982), cor-
roborates these findings. The width of the
interproximal wear facet is from 33% to
40% larger in the two animals with the
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highest level of occlusal attrition than in
the three animals with the lowest level
(Fig. 5). Also, a frequency distribution
for intervals of interproximal wear in the
experimental animals shows the three
non-reactive animals to have the largest
amounts of interproximal wear in the en-
tire sample (Fig. 6).

Discussion

We believe that this data offers indirect
evidence that the variability in temporo-
mandibular joint response to protrusive
function noted among these young adult
monkeys may be due, in part, to differ-
ences in chronological age within the
sample. This conclusion is based on the
finding that the three animals who dis-
played no histological response at the
TM] were among the “oldest” in the
sample, as assessed by occlusal and inter-
proximal attrition, while the three
“youngest” animals all exhibited distinct
condylar responses.

Animals with intermediate levels of oc-
clusal and interproximal attrition were
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Condylar cartilage in
the same animal
along the superior
surface of the con-
dyle {(magnification
x30). Adapted from
McNamara et al. 1982

Temporomandibu-

lar joint region
showing thickening
of the condylar car-
tilage along the su-
perior and posterior
aspects of the con-
dyle, and new bone
along the anterior
border of the post-
glenoid spine (8
weeks with splint;
magnification X9).

Fig. 3 Greatest histological response among the young adult monkeys in this

study

mixed in their histological response at the
TM], perhaps due to idiosyncratic fac-
tors or to differences in chronological age
too subtle to ascertain with the relatively
crude measures employed here.

It is also of interest to note that devel-
opment of a crossbite in response to ap-
pliance placement — a finding never en-
countered in juvenile animals — showed
no apparent relationship to relative age as

158 The Angle Orthodontist

approximated here. However, for what-
ever reasons, two of the three adult ani-
mals who developed crossbites were
among the youngest animals in the sam-
ple (Fig. 2); thus, it is perhaps not coin-
cidental that they displayed distinct TM]
responses that are understandable in
terms of the developed malocclusion
(MCNAMARA ET AL. 1982).

The finding that it was primarily the

Vol. 54 No. 2
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Temporomandibu-
lar joint region
showing virtuaily no
response to the ap-
pliance (12 weeks;
magnification X9).

Condyle Adaptability

Condylar cartilage in
the same animal.
Note the thickness
of the bony cap and
the small number of
cells (magnification
X30). Adapted from
McNamara et al. 1982

Fig. 4 Lowest level of histological response among the young adult monkeys in

this study

older monkeys among this adult sample
who failed to exhibit a histological joint
response to the functional protrusive ap-
pliance supports the view that the tem-
poromandibular joint loses the potential
to adapt to occlusal changes as age in-
creases. However, we cannot determine
directly from these data why the older
animals failed to exhibit a condylar
response.

April 1984

It might be supposed that the number
and/or vitality of the prechondroblasts in
the condylar cartilage declines with age,
as has been demonstrated for the perios-
teum (TONNA AND CRONKITE 1962).

An alternative explanation might be
that the older animals were unable, due
to some deficit in neuromuscular func-
tion, to posture the lower jaw forward to
the extent required by the appliance, thus
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providing insufficient stimulus for con-
dylar growth. The appliance is designed
to require protrusion for closure; protru-
sion can be avoided only by maintaining
the jaw in an open or laterally displaced
posture. These postures were indeed ob-
served in animals who developed cross-
bites, two of which were among the
youngest animals as determined from at-
trition, and were accompanied by charac-
teristic histological changes in the post-
glenoid spine (MCNAMARA ET AL. 1982).

A
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Fig. 6
Frequency distribu- 2
tion of experimental

SUMMED OCCLUSAL WEAR LEVEL

ON MAXILLARY M1 AND M2

If the lack of response in the three old-
est animals were due to a lack of protru-
sion, then we would expect evidence of
occlusal aberrations such as crossbite, or
perhaps histological changes in the post-
glenoid spine. As neither of these effects
was noted in any of the nonresponding
animals, we feel that a lower adaptability
of the joint tissues is the more likely
explanation.

These findings are also intriguing be-
cause the entire sample was probably
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composed of relatively young adults,
based on descriptions of tooth wear in
older monkeys (BUTLER AND BERNSTEIN
1974) and on attrition levels found in two
animals of known chronological ages.

In the only two adult animals for which
birthdates were known, occlusal wear had
reached stage 2 on the upper first molar,
and was between stages 1 and 2 on the
upper second molar. Widths of the inter-
proximal wear facets in these two animals
were 2.1 and 2.2mm between the second
maxillary premolar and first molar, and
2.3 and 2.1mm between the first and sec-
ond maxillary molars. Both animals were
between 7 and 7.5 years of age at the time
the dental impressions were taken. Thus
it is likely that the youngest of the ani-
mals in our sample were around this age,
just entering young adulthood.

On this basis, our data suggests that the
adaptive potential of the TM], at least in
monkeys, may undergo a reduction rela-
tively early in adult life. However, this
inference must be tempered by the reali-
zation that other factors, such as the na-
ture of the appliance and perhaps the
duration of treatment, may also affect the
response. For example, a recent cephalo-
metric study by two colleagues (ScHEI-
DERMAN AND CARLSON 1981) found signif-

Condyle Adaptability

icantly greater condylar growth in young
adult animals fitted with a bite-opening
appliance that produced a 15mm open
bite at the incisors than in control ani-
mals. Condylar growth increments larger
than those in the controls were noted
even in animals with tooth wear in excess
of that found in the oldest animals in the
present study.

Conclusions

In young adult female monkeys fitted
with a protrusive appliance, ranking of
experimental subjects by “ages” derived
from occlusal and interproximal attrition
suggests that part of the observed varia-
bility in histological TM] response may
be related to differences in age within the
sample. This finding supports the view
that responsiveness of the TM] to altered
functional demands may diminish with
age.

The authors are indebted to William L. Brudon,
Kathleen A. O’Connor and the late Jody C.
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project.
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