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ABSTRACT Mandibular growth of 42 rhesus monkeys (Macaca mulatta) 
was analyzed quantitatively and qualitatively. Four groups of animals were 
defined according to dentitional age (i.e., infant, juvenile, adolescent, young 
adult). At each age growth was observed for a 24 week period. Since some 
animals were observed at more than one stage of development, 57 periods of 
growth were studied. The growth incremental data were collected by super- 
imposing serial cephalograms on mandibular implants. 

Growth and remodeling of both the skeletal and dento-alveolar components 
of the rhesus mandible were greatest in the infant monkeys and were less in 
successive age groups. Posterior relocation of the ramus was noted in all age 
groups while bone deposition on the anterior and inferior borders of the man- 
dibular body was greatest in the younger animals. The most pronounced 
dental changes also occurred in the younger animals while the dentitions 
of the adolescent and adult animals were generally more stable. 

This study demonstrates that the rate and direction of normal mandibular 
growth varies with the age of the animal. Furthermore, mandibular growth 
i s  quantified at  four defined maturational levels to provide a set of values 
illustrating normal mandibular growth. These values can also be used as 
control data for experimental studies. 

The continuing use of the rhesus mon- 
key (Macaca mulatta) in experimental 
studies of craniofacial growth and adapta- 
tion necessitates further definition of the 
parameters of normal craniofacial develop- 
ment of this species. There have been 
several histologic studies of craniofacial 
growth in Macaca mulatta, e.g., Enlow 
(‘63), Turpin (‘68), Duterloo and Enlow 
(‘70), Zimmerman (‘72). However, few se- 
rial cephalometric-implant studies of nor- 
mal growth in Macaca.mulatta have been 
reported. Gans and Sarnat (‘51) studied 
sutural growth in the upper face of four 
infant and four juvenile rhesus monkeys 
for seven to ten months. Erickson (‘58) 
described facial changes in three juvenile 
animals for a six month period and Pihl 
(‘59) followed two of these animals for an 
additional 18 months. Elgoyhen et al. (‘72) 
described and quantified maxillary and 
mandibular changes in 13 juvenile mon- 

keys for a five month period. However, 
comparative data from rhesus monkeys of 
different maturational levels, especially 
adolescent and adult animals, are not 
presently available. 

The purpose of this report is to provide 
quantitative and qualitative documenta- 
tion of the growth of the mandible of the 
rhesus monkey. Four maturational levels 
are considered and the various rates (in- 
crements) and directions of mandibular 
growth and remodeling compared. All of 
this information is necessary for an under- 
standing of normal mandibular growth of 
the rhesus monkey and is of critical im- 
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portance in the analysis and interpreta- 
tion of experimental craniofacial growth 
data. 

MATERIALS AND METHODS 

Mandibular growth and remodeling were 
studied during four periods of postnatal 
morphogenesis. Four groupings of animals 
were established on the basis of dentitional 
development. An animal was considered to 
be in a particular group when the animal 
attained a specific stage of tooth eruption. 
The i n fan t  animals (Group I studied dur- 

ing Period I) were characterized by the 
presence of a complete deciduous denti- 
tion at the onset of the study. The birth 
dates of these animals were known and 
ranged from five and one-half to seven 
months of age at the time of the first 
cephalogram (table 1). The juveni le  ani- 
mals (Group I1 studied during Period 11) 
had a complete deciduous dentition and 
the first permanent molars were fully in 
occlusion. The exact dates of birth of most 
animals in Groups 11, 111 and IV were not 
available. According to the tooth eruption 

TABLE 1 

Distr ibut ion of a n i m a f -  b y  per iods  s tud ied  
~~ 

Animal Age or approximate Study periods 
age when study Total 

ID Sex started (months) I I1 111 IV periods 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

F 
F 
M 
M 
F 
M 
M 
M 
F 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
F 
F 
M 
M 
M 
M 
M 
M 
M 
F 
F 
F 
F 
F 

5 %  ' 
51/77 I 
6 1  
63  
6 1  
6% 1 

7 '  
7 '  
7 '  

19 1 

20 ' 
22 1/2 1 

18-24 
18-24 
18-24 
18-24 
18-24 
18-24 
18-24 
18-24 
18-24 
18-24 
18-24 
18-24 
18-24 
18-24 
18-24 
18-24 

18-24 
18-24 

18-24 
18-24 
45-54 
45-54 
45-54 
72 + 
72 + 
72 + 
72 + 
72 + 
72 + 
72 + 

X 
X X 
X 
X X 
X 
X ~~ 

X X 
X X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

- - 
9 27 

X 

X 

X 

X 

X 

X 

X 
X 
X 

- 

9 

X 

X 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

12 
- 

1 
2 
1 
2 
1 
1 
2 
2 
1 
1 
1 
1 
3 
1 
1 
2 
1 
1 
3 
1 
3 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 

57 
- 

1 Birth date known. 



MANDIBULAR GROWTH 

scales of Hurme and Van Wagenen (‘53, 
’61) and Schultz (’69), the animals in 
Group I1 were approximately 18-24 months 
of age. The animals in the adolescent 
group (Group 111 studied during Period 
111) possessed a full permanent dentition 
except for unerupted third molars and 
partially erupted cuspids. These animals 
were approximately four to four and one- 
half years old. The young adult monkeys 
(Group I V  studied during Period IV) were 
at least six to seven years of age and had 
complete permanent dentitions including 
fully erupted third molars. 

Forty-two Macaca mulatta from the pri- 
mate colony of the Center for Human 
Growth and Development, The University 
of Michigan, were used in this study. Each 
period of postnatal mandibular growth 
observed was 24 weeks in duration. Since 
12 of these animals had been followed 
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longitudinally for two to five years, cepha- 
lograms of these animals could be placed 
in more than one group (table 1). Nine of 
these animals were studied during two 
periods of mandibular growth and three 
during three periods. The average time 
interval between the two initial radio- 
graphs of the animals observed during 
both Period I and Period I1 was 14 months. 
The average interval between the two 
initial radiographs of the animals observed 
in both Periods 11 and 111 and of the ani- 
mals in both Periods 111 and IV was 24 
months and 22 months, respectively. 

Twenty-nine tantalum implants (B jork, 
’55, ’68; McNamara, ’72) were placed in 
each animal. Four pins were placed extra- 
orally in the right side of the mandible, 
including one pin in the symphysis and 
one near the posterior border of the ra- 
mus (fig. 1). The additional implants were 

I VERT. 

Fig. 1 Points and lines to be used in measuring mandibular dimensions. Note also the 
position of the tantalum implants within the mandible. SC: Uppermost portion of the con- 
dylar outline determined by the tangent perpendicular to “Y.” PC: Most posterior point of 
the condylar outline determined by the tangent perpendicular to the occlusal reference line 
(“0”). C: Condylion, the most posterior and superior point on the condyle. PB: Intersection 
of the occlusal reference line with the posterior border of the ramus. AB: Intersection of the 
occlusal reference line with the anterior border of the ramus. LB: Intersection of a perpen- 
dicular to the occlusal reference line, drawn through the most mesial point of the first 
permanent molar, with the lower border of the mandible. I Hor: Most anterior point on 
incisor. I Vert: Most occlusal point on incisal edge. C Hor: Most mesial point on cuspid. 
C Vert: Most occlusal point on cuspid. 6 Hor: Most medial point on first permanent molar. 
6 Vert: Most occlusal point on mesial cusp of first permanent molar. 7 Hor: Most mesial 
point on second permanent molar. 7 Vert: Most occlusal point on mesial cusp of second 
permanent molar. 

Other dental measurements taken in certain age groups, but not shown in the above 
figure, included: DM Hor: Most mesial point on second deciduous molar. DM Vert: Most 
occlusal point on mesial cusp of second deciduous molar. 8 Hor: Most mesial point on third 
permanent molar. 8 Vert: Most occlusal point on mesial cusp of third permanent molar. 
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inserted into the maxillary region, cra- 
nium and cranial base, but were not used 
in this study. 

Each animal was radiographed at the 
beginning and at the end of the 24 week 
period using a cephalostat especially de- 
signed for primates (Elgoyhen et al., ’72). 
The fine grain of the Kodak type M indus- 
trial film used in this procedure allowed 
for precise definition of structures. Two 
lateral views were taken on each occasion, 
one with the teeth in occlusion, and one 
with the mouth held open to allow for 
increased visualization of the temporoman- 
dibular joint structures. Each radiograph 
was then enlarged three times the original 
size when copied on translite film. This 
enlargement procedure allowed for tracing 
and direct quantification of very small 
changes in mandibular dimensions which 
normally might be masked by tracing 
errors. 

Growth changes were measured by plac- 
ing a piece of 0.003” acetate tracing paper 
on the initial cephalogram and tracing the 
outlines of the mandibular implants (Mc- 
Namara, ’72, ’73). An occlusal reference 
line “0” was drawn along the functional 
occlusal plane (fig. 1). A perpendicular 
line “Y” was also constructed at the point 
of intersection of the occlusal reference 
line with the outline of the anterior border 
of the ramus. This “template” provided a 
means of quantifying skeletal and dental 
changes relative to the position of the  
mandibular implants in successive cepha- 
lograms. Tracings of the mandibular out- 

line were only used for descriptive purposes 
while distance and angular measurements 
were made directly on the cephalograms 
themselves. 

FINDINGS 

Regional growth and remodeling 
patterns 

Through the use of the template system 
based on implant superimposition, growth 
changes were measured at speclfic loca- 
tions on the mandible (including the dento- 
alveolar area) and then analyzed by re- 
gion, and within each region by matura- 
tional level. 

T h e  condylar region. Growth at the 
head of the mandibular condyle was great- 
est during Period I and successively less 
during the other periods studied. Each 
month approximately 1 mm of bone was 
deposited along the pos terior-superior bor- 
der (condylion) of the infant condyle (i.e., 
5.92 mm per 24 weeks; table 2). The mean 
values of the three condylar measurements 
(condylion, superior condylion, and poste- 
rior condylion) of the monkeys in Group I1 
were respectively 76% (e.g., 4.47 mm 
versus 5.92 mm), 70%, and 84% that of 
the same values in the infant animals, 
while the increments for Group I11 were 
5 1 % ,  47%, and 57% of Group I and for 
Group IV were 18%, 21%, and 18% of 
Group I, respectively (fig. 2, table 2). Be- 
cause of the distribution of males and 
females in Groups I, 11, and IV, sexual 
dimorphism in increments of condylar 
growth could be examined at these matu- 

TABLE 2 

Mandibular  skeletal growth  during 24 weeks  

Groups 

111-Adolescmt IV-Young adult I-Infant 11-Juvenile 
(N = 9) ( N = 2 7 )  (N  = 9) ( N  = 12) 

Measurements 
Avg. S.D. Avg. S.D. Avg. S.D. Avg. S.D. 
m m  m m  m m  m m  m m  m m  m m  m m  

Condylar region 
Condylion 5.92 
Sup. condylion 4.50 
Post. condylion 4.11 

Mandibular ramus 
Anterior border - 0.93 
Posterior border 4.05 

Lower border 1.05 
Mandibular corpus 

Ramus-corpus relationship 
CRO angle -6.2’ 

0.99 4.47 0.96 3.00 1.32 1.07 1.10 
0.76 3.13 0.73 2.11 1.17 0.95 1.26 
1.04 3.44 0.92 1.93 0.75 0.75 0.67 

0.39 -1.60 0.60 -1.21 0.54 -0.26 0.22 
0.46 3.37 0.87 2.17 1.07 0.90 0.99 

0.44 0.42 0.32 0.09 0.11 0.04 0.14 

1.0’ -2.4” 1.8” -1.7’  1.9O -0.2’ 0.9” 
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CONDY LION SUPERIOR CONDYLION POSTERIOR CONDYLION 

POSTERIOR BORDER ANTERIOR BORDER LOWER BORDER 
Fig. 2 Mandibular growth of Groups 11, 111, and IV represented as a percentage of the 

growth of Group I. The regional growth increment is less in successive age groups, except 
for the anterior border of the ramus. The anterior border is the only measurement in this 
figure which is  associated with the eruption of the dentition. 

rational levels. Each variable was studied 
marginally by performing a two sample 
t-test. There was no statistically signifi- 
cant difference in the magnitude of the 
three condylar measurements between male 
and female monkeys in Groups I and I1 
(table 3). However, in Group IV the re- 
sults were closer to being statistically sig- 
nificant at the 0.05 level and the male 
monkeys exhibited greater growth for each 
variable. It is possible that a larger sam- 
ple size would show significant differences. 
From another point of view the mean 
values of the three condylar growth incre- 
ments in the adult males were 2 7 % ,  37% 
and 2 5 % ,  compared to those of the infant 
males while the same increments of con- 
dylar growth of the female adults were 
6 % ,  3% and 9% that of the female in- 
fant animals (table 3).  Since all of the 
monkeys in Group I11 were male, no analy- 
sis of sexual dimorphism was possible in 
this group. 

The relative contributions of posterior 

and superior growth to the shape and 
growth direction of the condyle differed 
among animals in the same age group. 
The infant monkeys in general demon- 
strated slight vertical growth of the head 
of the condyle, while the animals in Group 
I1 demonstrated slight anteroposterior vec- 
tor of growth (table 2). 

The mandibular ramus. All animals 
demonstrated deposition of bone along the 
posterior border and resorption at the an- 
terior border of the ramus, but the differ- 
ential amounts varied with the age of the 
animal. Group I had the greatest increase 
in ramus width; approximately four times 
as much bone deposition took place along 
the posterior border as was removed along 
the anterior border (fig. 3, table 2). An 
increase in resorption, related to further 
tooth eruption, and a decrease in deposi- 
tion reduced the ratio from 4 : l  in Group I 
to 2:l  in Group I1 (figs. 2, 4). The Group I11 
monkeys maintained a resorptive pattern 
similar to Group 11, but a decrease in pos- 
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terior deposition of bone dropped the ratio 
to 1.7:l (fig. 5). Only slight anterior and 
posterior border remodeling was observed 
in Group IV (fig. 6). Sexual differences 
in the growth increments at the borders 
of the mandibular ramus were not statis- 
tically significant at the 0.05 level in any 
age group (table 3). 

The mandibular corpus. The labial 
surface of the symphysis was appositional 
in infant, juvenile and some of the adoles- 
cent animals as was the base of its lingual 
surface (figs. 3, 4, 5). The area of the 
symphysis was relatively stable in the adult 
animals except in the alveolar area adja- 
cent to the incisors. The lower border of 
the mandible was also appositional in the 
younger animals with the amount of appo- 
sition decreasing posteriorly. Marked re- 
modeling was observed in the gonial region 
of all but the adult monkeys (figs. 1, 3, 
4,5). 

\,,,.+ ... Condylar - Ramus-Occlusal (CRO) Angle 

Fig. 3 Typical growth pattern of the infant 
mandible during 24 weeks. The solid lines repre- 
sent the initial tracing and the dashed lines repre- 
sent the final tracing. This figure also demonstrates 
the construction of the condylar-ramus-occlusal 
(CRO) angle at the intersection of the posterior 
ramus planes with the occlusal reference plane. 
Note the closure of the condylar-ramus-occlusal 
angle during growth and the forward and upward 
movement of the dentition. 

Fig. 4 Typical growth pattern of the juvenile 
mandible. Note the remodeling in the gonial region 
and the vertical drifting of the second deciduous 
molar and of the first permanent molar. The 
amount of mesial migration of the posterior den- 
tition is variable in this age group. The central 
incisor, the second premolar and the second per- 
manent molar are developing. 
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Fig. 5 Typical growth pattern of the adoles- 
cent mandible. Note the remodeling in the gonial 
region, the eruption of the cuspid and the slight 
vertical migration of the buccal segments. The 
third molar is  developing. 

Fig. 6 Typical growth pattern of the mandible 
of a female adult monkey. Slight remodeling oc- 
curs along the anterior and posterior borders of the 
ramus. The dento-alveolar region is stable. 

T h e  ramus-corpus relationship. The 
relationship of both the condyle and ramus 
to the body of the mandible was deter- 
mined by the angle of intersection of the 
occlusal reference line (fig. 3) with a line 
drawn from the posterior border of the 
condyle through the most posterior point 
on the ramus. This angle was termed the 
Condylar-Ramus-Occlusal (CRO) angle. 

The mandibular plane could not be used 
for reference because of generalized appo- 
sition along the lower border of the man- 
dibular corpus in the two younger age 
groups and the irregular remodeling pat- 
tern at the gonial angle (figs. 3, 4, 5 ) .  
Also, the increasing curvature of the in- 
ferior border of the mandible in many of 
the older animals prevented consistent 
localization of a mandibular plane on suc- 
cessive tracings (fig. 1). 

A progressive closure of the CRO angle 
occurred with maturation so that the ra- 
mus assumed a more vertical orientation 
with respect to the mandibular corpus. 
This angle decreased by an average of 
six degrees in the infant monkeys during 
the 24 week period (table 2). Lesser angu- 
lar decreases were evident in the juvenile 

and adolescent groups. Though not statis 
tically significant, the closure of the CRO 
angle was greater in the infant and ju- 
venile female animals (table 3).  In the 
adult animals, neither sex showed signifi- 
cant change. There was, however, a sta- 
tistical difference between the sexes. The 
biological interpretation of this last result 
is unclear. 

T h e  mandibular dentition. In describ- 
ing the changes in tooth position, specific 
terms are used. Eruption refers to the 
movements of the tooth toward occlusion. 
Migration is used to describe movement of 
the tooth either vertically or antero-poste- 
riorly after the tooth has occluded with 
its dental antagonist. As the tooth changes 
position, the exposed crown length of the 
tooth remains relatively stable in relation 
to its supporting alveolar bone (Enlow, 
'65; Enlow and McNamara, '73). Moue- 
m e n t  refers to any change in tooth position. 

The most pronounced dental changes 
occurred in the two younger groups and 
were greatest in the infant animals. In 
the infant and juvenile monkeys, the 
mandibular incisors and canines migrated 
in a forward and upward orientation (figs. 
3, 4; table 4). Vertical migration was 
observed in the posterior segments of both 
groups, but mesial migration in this region 

TABLE 4 

M t r n d i b u l a r  den toa lveo lar  chnnyrs d u r i n g  
24 weehs 

Groups 

I-Inf an t I I-Juvenile 
Measure (N  = 9) ( N  =27) 

ments 
(fig. 1 )  Avg. S.D. Avg. S.D. 

mm mm mm mni 

I Horiz. 
I Vert. 
C Horiz. 
C Vert. 
DM Horiz. 
DM Vert. 
6 Horiz. 
6 Vert. 

1.21 0.38 1.00 
0.90 0.30 0.57 
1.11 0.51 0.44 
0.95 0.29 0.66 
0.97 0.46 0.32 
1.13 0.33 0.88 

0.34 
1.02 

0 45 
0.40 
0.,31 
0.40 
0.26 
0.27 
0.28 
0.52 

111-Adolescent 
( N  = 9) 

I Horiz. 0.96 0.42 
I Vcrt. 0.01 0.10 
C Horiz. 1.98 1.29 
C Vert. 3.06 1.56 
6 Horiz. 0.09 0.11 
6 Vert.  0.42 0.25 
7 Horiz. 0.13 0.14 
7 Vert. 0.37 0.31 
8 Horiz. 
8 Vert. 

1V-Young adult  
( N  = 12)  

- -~ 

0.07 0.18 
0.05 0.24 
0.25 0.33 
0.03 0.22 
0.07 0.14 
0.13 0.16 
0.09 0.14 
0.13 0.17 
0.12 0.15 
0.19 0.22 
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was more evident in the infant animals. 
It is noted that mesial migration of the 
mandibular molars did occur in certain 
juvenile animals. 

The dentitions of the adolescent and 
adult animals were generally more stable. 
The incisors and canines of the adult ani- 
mals were stable (table 4). The lower 
canines of the adolescent animals erupted 
3 to 4 mm vertically during the 24 week 
period of the study. The buccal segments 

of the older animals were generally stable, 
although slight vertical migration was evi- 
dent in the adolescent group (figs. 5, 6). 
No statistically significant sexual differ- 
ences in dentitional movement were evi- 
dent in any age group. 

Long-term serial changes 
An analysis of the composite tracings 

of those animals which were followed for 
longer periods of time (two to five years) 

Fig. 7 Composite tracings of the growth of the mandible in a rhesus monkey from in- 
fancy to adulthood. Upper: Growth of the mandible of a young rhesus monkey of known age 
(6 months). Note the generalized bone deposition, the posterior relocation of the ramus, and 
the upward and forward movement of the dento-alveolar region which occurred during the 
14 month interval between the first and second tracings. (a) position of teeth at beginning of 
period I; (b) position of teeth at beginning of period 11. The position of the permanent central 
incisor is indicated only at the beginning of period 11. Lower. Further growth of the rhesus 
mandible. The three superimposed tracings represent growth of the mandible from the 
juvenile to the adult stage. The time interval between the juvenile and adolescent tracings 
is 21 months and the interval between the adolescent and adult tracings is 22 months. The 
exact age of this animal is unknown, but estimated to be 18 to 24 months at the time of the 
first cephalogram. (x) position of teeth at beginning of period 11; (y) position of teeth at 
beginning of period 111; (z) position of teeth at beginning of period IV. The position of the 
third molar is represented only at the beginning of periods I11 and IV. 
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revealed the tremendous increase in size 
and the extensive growth and remodeling 
processes taking place in the rhesus man- 
dible from infancy to adulthood (fig, 7). 
The most rapid period of growth occurred 
during the earliest growth periods studied. 

Generalized bone deposition was observed 
in the growth of the mandible from the 
infant through the juvenile periods. Bone 
resorption was centered primarily along 
the anterior border of the ramus and of 
the coronoid process. The upward and 
forward movement of the dentition with 
an accompanying increase in height of 
alveolar bone was also observed. 

There was a gradual decrease in the 
rate of growth of the mandible as the ani- 
mal matured. In the development of the 
juvenile mandible to the adolescent stage, 
significant bone deposition occurred along 
the anterior and inferior portions of the 
mandibular body. Selective bone deposition 
and resorption in the posterior portion of 
the mandible accounted for the posterior 
relocation of the ramus and the further 
development of the dento-alveolar region. 
Dental migration continued to occur dur- 
ing this time with an upward and forward 
migration of the anterior teeth and with 
an  upward migration of the posterior den- 
tition. 

The primary characteristics observed 
during the growth of the rhesus mandible 
from the adolescent to the young adult 
stage were the further posterior reloca- 
tion of the ramus and the continued de- 
velopment of the dentition and its accom- 
panying alveolar bone (fig. 7). Selective 
bone remodeling occurred along the an- 
terior and inferior border of the mandible 
with increased bone deposition along the 
posterior border of the ramus and bone 
resorption occurring along the anterior 
border of the ramus. The overall rate of 
bone growth and remodeling decreased 
considerably during this last interval 
studied. 

DISCUSSION 

The findings of this study correlate 
well with previous cephalometric implant 
studies in the macaque (wherever cor- 
responding data are available). The quali- 
tative and quantitative findings in our 
juvenile sample correspond closely to those 
reported by Elgoyhen et al. (’72). Similar 

cephalometric descriptions of mandibular 
growth in the juvenile mandible are re- 
ported by Erickson (’58), Pihl (’59) and 
Turpin (‘68). The patterns of bone depo- 
sition and resorption during mandibular 
growth reported in the current study con- 
firm those implied by the histological in- 
vestigations of Enlow (‘63) and Turpin 
(‘68) in the monkey. For example, the 
posterior relocation of the ramus of the 
mandible, illustrating the phenomenon of 
“area relocation” described by Enlow (‘63), 
is easily demonstrated in all age groups 
of this study. 

In contrast to previous studies, the pres- 
ent investigation provides a long-term per- 
spective regarding the growth of the rhe- 
sus mandible and allows for a comparison 
of mandibular growth increments and di- 
rections at specific maturational levels. 
Enlow (’63) and Turpin (‘68) have histo- 
logically described bone deposition along 
the lower border of the rhesus mandible 
and extensive bone remodeling in  the 
gonial region. The present study indicates 
that the rate and extent of growth and 
remodeling (as with other areas of the 
mandible) is related to the age level of 
the animal. The lower border shows con- 
tinued bone deposition until adolescence, 
at which time there is a sharp decrease 
in the rate of growth along this border. 
The posterior border of the mandible on 
the other hand shows significant bone 
deposition throughout all growth periods 
studied. In  general, the highest rates of 
growth and remodeling of both skeletal 
and dento-alveolar components of the rhe- 
sus mandible were noted -in the youngest 
animals with successively lower rates in 
subsequent age groups. 

It is important to note that growth and 
remodeling continued to occur in the old- 
est age groups studied. Those animals 
primarily were young adults and they 
demonstrated selective growth changes 
which can be compared to similar growth 
increments in man during late adolescent 
and adult periods (Garn and Wagner, ’69; 
Israel, ’73). Israel (’73) has reported a 
4% increase in the overall length of the 
human mandible during two decades of 
adult life. In the adult rhesus mandible, 
an average of about 1 mm of bone was 
deposited at the condyle and along the 
posterior border of the ramus during a 
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six month period. The highest growth 
rates in the adult animals were seen in 
the male animals, while the rates of man- 
dibular growth in the female animals 
studied were greatly reduced. 

Thus, analysis of mandibular growth 
increments demonstrates that age, level 
of maturation, and sex are important when 
considering the parameters of normal 
growth of the rhesus mandible. The pres- 
ent study has demonstrated that the rate 
and direction of normal mandibular growth 
in the rhesus monkey varies with the age 
of the animal. Furthermore, mandibular 
growth has been quantified at four de- 
fined maturational levels to provide a set 
of values illustrating normal mandibular 
growth. These values can also be used as 
control data for experimental studies. 
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