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“Shape is a function of growth, and
the connection between variations in
shape and variations in growth is a
question about which relatively little
is known.”*

The purpose of this study was to
investigate the relationship of the mor-
phology of the mandible to the amount
and direction of mandibular growth,
and to determine the predictive signifi-
cance of any existing relationships.

REviEw oF THE LITERATURE

A review of studies which relate man-
dibular morphology to malocclusions
and to muscle action helps one to
understand the rationale for the hypo-
thesis that “the form of a grown man-
dible is thought to reflect its past be-
havior and its present tendencies.””®

Numerous studies of facial patterns
associated with Class I, II, and III
malocclusions (Angle) have attempted
to identify characteristics common to a
particular malocclusion.!:3:%:12:15,20,26,30,52
Although there are conflicting findings,
there does appear to be some evidence
that mandibular morphology varies with
the type of malocclusion.*

. The relationship between facial pat-
terns and patterns of mandibular
growth has also been studied. The find-
ings of these studies indicate that pat-
terns of mandibular growth tend to
vary with facial type, i.e., Class II cases
tend to grow more vertically, and Class
I cases tend to grow more horizontally.!
If mandibular morphology varies with
the type of malocclusion and if there is
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a relationship between types of mal-
occlusion and patterns of mandibular
growth, then one may propose the
hypothesis that mandibular morphology
is related to patterns of mandibular
growth.

Additional support for this hypothesis
may be derived from a survey of the
relationship of muscle forces to man-
dibular morphology and the relation-
ship of patterns of muscle activity to
malocclusions, Washburn has identified
three elements of the mandible: 1) the
mandible proper, 2) the alveolar bone,
and 3) the muscle insertions.®® It is his
opinion that the form of the coronoid
process and gonial angle is largely a
result of the functional relation that
each has with the muscles of mastica-
tion. Additional studies also have
pointed to the relationship between
mandibular form and the degree of
development of the muscles of mastica-
tion.?*¢ Electromyographic studies seem
to indicate different patterns of muscle
activity in individuals with Class II and
with normal occlusion.?”:*! It is con-
ceivable then that the different patterns
of muscle activity associated with Class
IT malocclusions would have different
impacts upon the morphology of the
mandible. Hopefully, an analysis of
mandibular morphology would shed
some light not only on the nature of
the muscle forces but also on the in-
fluence of these forces on the pattern
of future mandibular growth.

If one assumes that the studies just
discussed indicate an existing relation-
ship between mandibular morphology
and the pattern of mandibular growth,
then the measurement and statistical
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inspection f the resulting data would
logically fo: ow. Studies of the correla-
tion betweel. a facial characteristic and
craniofacial rrowth have been reported
in the literz ure.®!%23242% The extent
of linear correlation found by some
investigators has led them to conclude
that: “there was no correlation between
the original facial type . . . and the
{(horizontal) growth change at gnathion
from seven to seventeen years of age”;**
“the size of a child at age four or five
years gives no clinically useful informa-
tion regarding the rate at which he will
grow during the ensuing years”;*® “the
degree of prognathy in either jaw does
not therefore provide any clue to the
future prognathic development”;® “the
size at age six does not offer a base for
predicting growth in the following three
years.”'® On the other hand, others
have found that “there is a significant
relation between values of the gonial
angle at nine years and the relative
growth increments in mandibular length
from nine to thirteen years.”?* All of
the preceding findings are based upon
the correlation between two variables.
Unfortunately, the complexity of facial
growth would make it unlikely that any
one measurement would be highly
descriptive of the individual facial pat-
tern.® More recently investigators have
applied multivariate analysis to these
problems.*®** This statistical approach,
i.e., stepwise regression, allows one to
examine the relationship of a series of
variables to a single criterion. In an
extensive study using multivariate analy-
sis, the relationship between a series of
craniofacial characteristics and growth
changes in the maxillomandibular rela-
tion was found to be of limited predic-
tive value to the clinician.??

Since the mandible represents a key
to the understanding of the develop-
ment of malocclusion, the present study
was designed to examine the relation-
ship of mandibular morphology to
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changes in its usual occlusal position
through time. The availability of the
computer permitted an examination of
these subtle interrelationships through
the application of the multivariate
approach.

SAMPLE

This report has been based on lateral
cephalometric radiographs taken from
the files of the University of Michigan
Growth Study. Each individual whose
records satisfied the following require-
ments was included in this study:

1. The individual was a male.

2. Lateral cephalograms taken with
the teeth in occlusion at years
seven and eleven were available.
The limits for each age group were
6.55-7.55 years and 10.55-11.55
years.

3. The quality of each film set was
such as to allow accurate identi-
fication of the landmarks.

4. The individual had no history of
orthodontic treatment.

A male sémple was drawn to elimin-
ate any variability in growth timing and
in growth patterns due to sex differ-
ences. The age range was chosen be-
cause: 1) diagnosis of orthodentic prob-
lems is often first sought during this
period, 2) advocates of early treatment
are concerned about the growth changes
during this period, and 3) the varia-
bility in growth increments and patterns
caused by the pubertal growth spurt
generally is avoided.?'?

Upon examination of the Growth
Study files, forty-one individuals satis-
fied the requirements listed above; and
hence their eighty-two lateral cephalo-
metric radiographs comprised the sam-
ple.

MEeTHOD
A combination of linear and angular
measurements of mandibular morphol-
ogy and position at age seven and
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eleven were made, From these measure-
ments the changes in the occlusal posi-
tion of the mandible could be deter-
mined, and the relationship between
mandibular morphology at seven and
the changes in the usual occlusal posi-
tion of the mandible from seven to
eleven could be studied.

Fifteen measures represented the
morphology of the mandible.?%:3¢ These
were:

. Ramus width
. Ramus height
. Width of the condylar head
. Width of the condylar neck
. Body length at pogonion
. Body length at B point
. Antegonial notch
. Molar height
. Mandibular length
. Width of the symphysis at B point
. Width of the symphysis at pogonion
. Mandibular plane angle
. Gonial angle
. Occlusal plane angle
. Condyle—coronoid angle
Since longitudinal studies of cranio-
facial growth patterns have demon-
strated clearly that an analysis of facial
growth must include a measure of direc-
tion as well as amount, two measure-
ments were made to represent the usual
occlusal position of the mandible.352%
2829 These were:
1) 8-Gn length
and 2) XY-axis angle.
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These seventeen measurements made
on each cephalogram are represented in
Figures 1 and 2. Each of the measure-
ments was recorded for every individual
at ages seven and eleven. For the two
measurements of mandibular position
an additional recording was made,
namely, the change which occurred in
the dimension from age seven to age
eleven, ie., S-Gn (age 11)—S-Gn (age
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Fig. 1 Linear Measurements. 1—Ramus

Width. 2-—Ramus Height. 3—Condyle
Head Width. 4—Condyle Neck Width.
5—Corpus Length (Pg). 6—Corpus

Length (B). 7—Antegonial Notch. 8—
Molar Height. 9-—Mandibular Length.
10—Symphysis (B). 11—Symphysis.
(Pg). 12—S-Gn.

Fig. 2 Angular Measures, 1—Mandibu-
lar Plane Angle. 2—Gonial Angle. 8—
Occlusal Plane Angle. 4—Condyle-Coro-
noid Angle. 5—XY-Axis Angle.

7)=8-Gn change; XY-axis angle (age
11)—XY-axis (age 7)=XY-axis angle
change.

The sample means and standard
deviations of the seventeen variables
were calculated for each age.
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A correlation matrix for the sample
of all variables both measured and
calculated was established, and from
this matrix the following correlation
coefficients (r) were extracted for closer
examination:

1. The correlation coefficients for the
relationship between the fifteen
measures of mandibular morphology
at age seven and S-Gn and XY-axis
angle changes for the four year
interval.

2. The correlation coefficients for the
relationship between the measures of
mandibular morphology at seven
years and the size of S-Gn and XY-
axis angle at eleven.

3. The correlation coefficients for the
relationship of S-Gn to XY-axis
angle at age seven with S-Gn, S-Gn
changes, XY-axis angle, and XY-axis
‘angle changes at eleven,

To evaluate the significance of the
relationships expressed by these simple
correlation coefficients the following
statistical techniques were used:

1. All coefficients of correlation were
analyzed for significance, and those
coefficients significant at the one and
five per cent levels were labeled.

2. The statistic. 1 - /1 - r?, was used to
better evaluate the extent of the
linear relationship between two vari-
ables in the sample. This statistic
expresses the proportion of the stand-
ard deviation of one variable which
is explained by the other.

Multiple regression efquations were
calculated for the relationship between
the characteristics of mandibular mor-
phology and position at seven and S-Gn
length and XY-axis angle at eleven.
Those mecasures of mandibular mor-
phology and position at age seven which
contributed information (significant at
05% F) and which provided new
information about S-Gn and XY-axis
angle at eleven were included in the
equations.
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The predictive significance of the
multiple regression equations for this
sample was examined using the follow-
ing statistics: :

1. The coefficient of multiple correla-
tion (R) which determines the de-
gree of linear relationship between
actual values of S-Gn (and XY-axis
angle) at eleven and the predicted
values of S-Gn (and XY-axis angle)
at eleven.

2. The standard error of estimate
(S.E.Y) which is the size in mm or
degrees of the standard deviation for
the difference between observed and
predicted values of S-Gn and XY-

axis angle.

3. A coefficient of prediction efficiency
(E) which estimates for this sample
the relative advantage of using a
given multiple regression equation as
opposed to an alternate method of
predicting S-Gn and XY-axis angle.

VARIABILITY INHERENT
IN THE METHOD

The purpose of the study was to
predict the pattern of mandibular
growth based on the morphology of the
mandible; however, variability inherent
in the method itself places certain limi-
tations on the interpretation of the
findings. For this reason the variability
inherent in the method is now identi-
fied and evaluated.

Tracing and measuring error was
examined by retracing and reanalyzing
a total of thirty cephalograms. An
analysis of variance ‘was applied to the
thirty pairs of tracings to estimate the
standard deviation due to tracing error
and the standard deviation between
individuals. The estimated standard
deviation due to error ranged from 76
per cent to 4 per cent of the estimates
of standard deviation among individ-
uals. The averages of the estimates of
standard deviation due to tracing and
measuring error were found to be .6
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TABLE I

Means (X), Standard Deviations (s), and Ranges of Change in
Mandibular Position from 7 Years to 11 Years

Measure of Change in Mandibular

Position for 4 year Interval X s Range
S-Gn Change mm 11.0 2.4 6.6 to 18.4
XY-Axis Angle Change degrees —.9 1.5 —4.0 to +34

mm for linear measures and 1.3° for
angular measures. Coefficients of relia-
bility were also calculated for all varia-
bles. This coefficient represents the
linear correlation between the measure-
ments of the first and second cephalo-
gram and is an indication of the relia-
bility of the tracing and measuring pro-
cedures. The coefficient of alienation
(/1-r?), a measure of the unreliability
of the measure, was also calculated. The
average of the coefficients of reliability
was .92 with a range of .999 - .71, The
average of the coefficients of alienation
was .35 with a range of .03 - .70.

A second source of variability present
in this method stemmed from the posi-
tioning of the patient in the cephalostat.
Although this type of error was not
quantitated in this study, an attempt
was made to reduce the effects of this
error by bisecting all bilateral images
while tracing.

The measures (S-Gn and XY-axis
angle) of the amount and direction of
mandibular growth include a third
source of variability. This is true since
the occlusal position of the mandible
was used as the maxillomandibular rela-
tionship from which the amount and
direction of change in mandibular posi-
tion was analyzed. Conceivably, the
occlusal position of the mandible could
be altered by occlusal interferences, loss
of vertical support, and orthodontic
forces applied to the teeth aud support-
ing bone. Although the selection of the
sample eliminated any changes due to
orthodontic treatment, the changes in
the occlusal position of the mandible

still include factors other than mandibu-
lar growth. Thus, changes in the XY-
axis angle and S-Gn length cannot be
viewed as due solely to mandibular
growth.

In conclusion, if the errors observed
in this study are randomly dispersed, 1)
they will have a negligible effect on
measures of central tendency; 2) they
will tend to increase measures of varia-
bility; and 3) they will tend to decrease
measures of relationship. On the other
hand, the errors made in the estimation
of population value from sample find-
ings may be in either direction, There
can be no question then that the varia-
bility inherent in the method has a
definite impact on the statistical ap-
proach, and this variability may in fact
tend to obscure biologically significant
relationships.

FinpINGs

Means and Standard Deviations for
All Variables

An attempt to predict future man-
dibular position is in part predicated on
the assumption that there may be a
change in mandibular position relative
to the cranial base. The four year mean
increment of change for S-Gn and XY-
axis angle as well as the standard devia-
tion and range of these changes are
presented in Table 1. The findings indi-
cate changes in XY-axis angle from
seven to eleven range from -—4.0° to
~+3.4°. The means and standard devia-
tions for each variable measured at age
seven and age eleven are presented in
Table 2, and the growth trends in the
various dimensions may be noted.
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TABLE II

Means (X) and Standard Deviations (s) for All Variables in the
Sample at 7 Years and 11 Years

Measures of Mandibular Morphology 7 Years 11 Years

and Position X s X s

Ramus Width mm 30.4 2.0 32.5 1.9
Ramus Height 55.4 34 61.2 4.1
Condyle Head Width 11.2 9 12.0 8
Condyle Neck Width 10.1 Wi 10.9 8
Corpus Length (Pg) 73.2 2.8 81.0 3.2
Corpus Length (B) 80.0 3.8 85.3 3.7
Antegonial Notch 2.0 9 1.6 9
Molar Height 219 2.3 29.9 1.8
Mandibular Length 104.9 4.1 115.6 5.4
Symphysis (B) 11.1 2.0 10.1 1.6
Symphysis (Pg) 16.1 1.5 17.3 1.5
Mandibular Plane Angle degrees 53.6 3.7 53.3 4.0
Gonial Angle 132.5 3.6 129.6 4.6
Occlusal Plane Angle 14.7 3.5 15.2 3.5
Condyle-Coronoid Angle 68.6 5.4 68.8 4.9
S-Gn mm 112.9 4.9 124.0 6.1
XY-Axis Angle degrees 93.9 2.7 92.9 2.9

TABLE III

Sample Correlation Coefficients of Mandibular Morphology
at Age 7 with the usual Occlusal Position of the
Mandible and with Change in this Position

Measures of Mandibular Position and

Measures of Change in Position at Age 11
Mandibular Morphology
at Age 17 S-Gn X-Y Axis S-Gn X-Y Axis
Angle Change  Angle Change

Ramus Width .16 21 —.16 .24
Ramus Height .43b .10 .07 A7
Condyle Head Width .42v —.10 .16 .03
Condyle Neck Width 388 -—.13 .09 —.06
Corpus Length (Pg) .42b —.13 —.09 —.01
Corpus Length (B) .46b —.13 —.02 12
Antegonial Notch 27 —.13 .01 .18
Molar Height 27 —.04 .19 .00
Mandibular Length A1e —.09 14 12
Symphysis (B) Width —.06 19 —..06 10
Symphysis (Pg) Width .05 —.07 —.24 —.03
Mandibular Plane Angle .30 —. T4 .18 .08
Gonial Angle .18 —.35 .21 —.05
Occlusal Plane Angle .07 —.400 d1 .08
Condyle-Coronoid Angle 15 —.12 31 —.36a

a 5% level of significance
b 1% level of significance
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Simple Linear Correlation

In Table 3 the correlation coeffi-
cients are presented for the relationship
of the fifteen measures of mandibular
morphology at age seven with the
change in 8-Gn and XY-axis angle for
the four year interval. It may be noted
that there was only one mandibular
measure in this sample where the cor-
relation with XY-axis angle change was
significant at the 5 per cent level. This
variable, condyle-coronoid angle, ac-
counted for only 7 per cent of the stand-
ard deviation of XY-axis angle change.
There were no single measures of man-
dibular morphology in this sample
where correlation with S-Gn change was
significant at the 5 per cent level.

Included in Table 3 are the correla-
tion coefficients which represent the
relationship in this sample between the
measures of mandibular morphology at
age seven and the size of S-Gn and XY-
axis angle at age eleven.

In Table 4 the sample correlation
coefficients for S-Gn at age seven with
S-Gn at age eleven and XY-axis angle
at age seven with XY-axis angle at age
eleven are presented. These values
should be compared with the statistically
significant  correlations between the
relationship of mandibular morphology
at seven years with S-Gn and XY-axis
angle at age eleven in Table 3. It may
be seen that no single measure of man-
dibular morphology in this sample ex-
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plained as much about the variability of
S-Gn or XY-axis angle or predicted
with greater precision the S-Gn or XY-
axis angle at age eleven than did the
measurement of the individual’s S-Gn
or XY-axis angle at age seven. Although
there were high correlations between an
individual’s S-Gn and XY-axis angle at
seven years with the same measures at
eleven years, the correlations between
these same measurements with their
change from seven to eleven were not
significant at the 5 per cent level,

The coefficient of prediction effi-
ciency for the relationship of $-Gn and
XY-axis angle at eleven with S-Gn and
XY-axis angle at seven was calculated
for comparison with the predictive effi-
ciency of the multiple regression equa-
tions (Table 7).

Multiple Regression

In the previous section it was noted
that certain measures of mandibular
morphology at age seven bore a small
but statistically significant relation with
S-Gn and XY-axis angle at eleven. In
the attempt to determine whether
groups of variables considered simul-
taneously would yield a significant in-
crease in the extent of linear relation-
ship, multiple regression analyses were
employed, and the results presented in
Tables 5 and 6.

All measures of mandibular morphol-
ogy at age seven were examined by the

TABLE IV

Sample Correlation Coefficients of the Usual Occlusal
Position of the Mandible and Change in this Position
at Age 11 with the Usual Occlusal Position at Age 7

Measures of Mandibular Position and

Change in Position at Age 11

Measures of Mandibular

Position at Age 7 S-Gn XY-Axis S-Gn XY-Axis
Change Angle Change
S-Gn .91b —.31a 27 .05
XY-Axis Angle —.362 .82b —.18 —.15

a 5% level of significance
b 19% level of significance
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TABLE V

The Results of Multiple Regression Analyses for this Sample
Considering All Measures of Mandibular Morphology at Age 7

Mand. Position and Significant Measures of Mand. ,.\

Changes at 11 Yrs. Morphology at 7 Yrs. S.E.Y R 1-/1I-R?
S-Gn Corpus Length Pg = X,

Y = 124.034 mm Ramus Height = X, 4.8256m .67 .26
s = 6.102 mm Mandibular Plane Angle = X,

S-Gn Change None Significant at

Y = 11.020 mm the 5% Level

8 = 2.393 mm

XY-Axis Angle Mandibular Plane Angle = X, 1.994° 3 32
Y = 92.939°

s = 2.901°

XY-Axis Angle Change Condyle-Coronoid Angle =X, 1.432° .36 .07
Y = —.941°

s = 1.513°

8 = standard deviation of Y
S.E.Y = standard error of estimate of Y

TABLE VI

The Results of Multiple Regression Analyses for this Sample
Considering All Measures of Mandibular Morphology
and Position at Age 7

Significant Measures of Mand.

Mand. Position and Morphology and Position at ~

Changes at 11 Yrs. 7 Yrs. (Predictor Variables) S.E.Y R 1-/1-R2
S-Gn 'S-Gn = X,

Y = 124.034 mm Corpus Length (Pg) = X, 2.312 .93 .64
8 = 6.102 mm Condyle-Coronoid Angle = X,

S-Gn Change None Significant at

Y = 11.020 mm the 5% Level

s = 2.393 mm

XY-Axis Angle XY-Axis Angle = X,

Y = 92.939° Condyle-Coronoid Angle = X, 1.474 87 .51
s = 2,901

XY-Axis Angle Change Condyle-Coronoid Angle = X, 1.432 .36 .07
Y =—941

s = 1.513

= standard deviation of Y
S.E.Y = standard error of estimate of Y
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TABLE VII

The Improvement in Standard Errors of Estimate for S-Gn and XY-Axis
Angle at 11 Years When Alternate Methods of Prediction are Used

Alternate Methods of Predicting an
Individual’s S-Gn Length and XY-Axis
Angle at 11 Years

Amount of Reduction in the Standard
Deviation of S-Gn and XY-Axis Angle
at 11 Years when Alternate Methods of
Prediction are Employed

S-Gn

Decrement of the
S.E. of Estimate

Per Cent Reduction
in S.E. of Estimate

A. Prediction based on the relationship
between S-Gn at 7 years and S-Gn at
11 years, r = .91

B. Assume size of S-Gn at 11 years to
be the length of S-Gn at 7 years plus
an observed mean increment of change
for the 4 year intervala

C. Prediction of S-Gn at 11 years based
upon the most efficient multiple re-
gression equation. Table 6

XY-Axis Angle

D. Prediction based on the relationship
between XY-Axis Angle at 7 years
and )éY-Axis Angle at 11 years,
r=—.8

E. Assume size of S-Gn at 11 years to
be the length of XY-Axis Angle at 7
years plus an observed mean

F. Prediction of XY-Axis angle at 11
years based upon the most efficient
multiple regression equation. Table 6

58% 3.5 mm
61% 3.7 mm
62% 3.8 mm
43% 1.2°
48% 1.4°
49% 1.4°

2 11.0 mm (Table I)
b 9° (Table I)

technique of multiple regression analy-
sis. It was found that, at most, three
variables were entered into the program
at the predetermined 5 per cent level
of F when at age eleven S-Gn was the
dependent variable, Only one variable
at age seven was found to yield similar
information relative to XY-axis angle.
Thus, it would seem reasonable to as-
sume that those measures of mandibular
morphology which were found to be
statistically significant (Table 3) when
compared individually with S-Gn and
XY-axis angle, but were not included
as variables in the multiple regression
equation, failed to yield any new in-
formation.

The multiple regression (Table 5)
derived only from measurements of
mandibular morphology resulted in less

prediction precision than did the re-
gression equations utilizing only S-Gn
and XY-axis angle, at age seven.
When S-Gn and XY-axis angle meas-
urements were included with the varia-
bles previously analyzed, the prediction
accuracy was markedly increased (Table
6). :
To better understand the practical
significance of the regression equations,
the prediction efficiency of the multiple
regression equations was compared with
alternate methods of predicting the fu-
ture size of S-Gn and XY-axis angle.
The alternate methods are presented in
Table 7. The percentage reduction in
the standard error of prediction of an
individual’s S-Gn and XY-axis angle
using the multiple regression equation
was considerable when compared with
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Fig. 3 Standard Error of Estimate with
Alternate Methods of Prediction. 1—
Standard Deviation of S-Gn at Age 11.
2—Standard Deviation of XY-Axis at
Age 11. A, B, C, D, E, F—Standard
Error of Estimate with Alternate Meth-
ods of Prediction (See Table 7).

the assumption that the S-Gn and XY-
axis angle will be a given mean size at
eleven. However, the use of the multiple
regression equation provided only a
small percentage reduction in the stand-
ard error of prediction of S-Gn or XY-
axis angle when compared with the
assumption that the size of S-Gn and
XY-axis at eleven will be the size at age
seven plus a mean increment of change.
The reduction in the confidence inter-
vals for the alternate methods of pre-
dicting the future size of S-Gn and XY-
axis angle are also illustrated in Figure
3.

DiscussioN

An analysis of the findings provided
no support for the hypothesis that
a biologically significant relationship
exists between the morphology of the
mandible and changes through time in
the usual occlusal position of the man-
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dible.**3* The correlation coefficients
of mandibular morphology with changes
in the amount and direction of S-Gn
(Table 3) provided no statistical sup-
port for the hypothesized relationship
between individual mandibular charac-
teristics and changes in the usual oc-
clusal position of the mandible. In
addition, the application of multiple
regression analyses to this problem
(Table 5) provided little statistical sup-
port for the view that increasing
amounts of pertinent information con-
cerning changes in the future occlusal
position of the mandible may be ob-
tained by examining many aspects of
the morphology of the mandible.

Although no significant relationships
between mandibular morphology and
changes in the usual occlusal position
of the mandible were demonstrated,
other statistically significant relation-
ships for this sample were present in
the findings (Table 3). What then is
the meaning of these relationships?

The statistically significant relation-
ships between measurements of man-
dibular morphology at seven and the
size of S-Gn and XY-axis angle at
eleven (Table 3) seem to reflect the
relative stability of the mandibular mor-
phology. Without exception, in this
sample the coeflicients of correlation be-
tween mandibular morphology at seven
and measures of the usual occlusal posi-
tion of the mandible at seven were
larger than the correlation coefficients
for the same measures of mandibular
morphology at seven with measures of
the usual occlusal position of the man-
dible at eleven. Thus, it would seem
that the significant correlations here
discussed resulted from the interrela-
tionship of skeletal parts at a particular
age, and the significant correlation
coefficients in this sample between man-
dibular morphology at seven and oc-
clusal mandibular at eleven are a result
of the stability of this interrelationship
through time.
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The high sample correlation between
S-Gn at seven and S-Gn at eleven and
between XY-axis angle at seven and
XY-axis angle at eleven (Table 4) also
demonstrates the part stability plays in
the statistically significant relationships
found in this study. Unfortunately, these
relationships fail to provide any in-
formation about variations in direction
or amount of growth as is indicated by
the low correlation coefficients between
S-Gn at seven and S-Gn change and
between XY-axis angle at seven and
XY-axis angle change (Table 4).

Having identified the nature of the
significant correlations and regression
equations found in this study, the pre-
dictive significance of these findings
deserves further discussion. The future
position of facial parts in an individual
may be thought of as a summation of
three theoretical components. In this
study one theoretical component of the
future occlusal position of the mandible
which has eluded quantitation is the
component of change in the occlusal
position of the mandible due to growth.
Although the component of change
makes a significant contribution to the
final position of the mandible, no rela-
tionships of predictive significance could
be demonstrated between the initial
morphology of the mandible and the
changes which occur in the occlusal
position of the mandible with time.

Another theoretical component of the
future occlusal position of the mandible
is based on the stability of facial rela-
tionships. In other words, the future
occlusal position of a mandible is in
part a function of its present position.
It is the component of stability in
craniofacial relationships which seemed
to account for the limited success
achieved in the prediction of the future
occlusal position of the mandible. The
component of stability partially explains
the relative success claimed by certain
investigators who construct a patient’s
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future facial pattern by adding mean
increments to the existing facial pat-
tern.®*3* The improvement in the stand-
ard error of estimate for this sample
gained by using multiple regression
equations or by adding mean increments
of change to the existing dimensions are
presented in Table 7 and Figure 3.
Both of these methods of predicting the
future occlusal position of the mandible
are based mainly upon the component
of stability.

A third theoretical component of the
future occlusal position of the mandible
may be due to the impact of ortho-
dontic forces on the occlusal position of
the mandible. Previously the component
of stability was used to explain in part
the relative success achieved by some
clinicians in the prediction of a pa-
tient’s future facial pattern. A part of
their success may also be due to their
ability to accurately predict the amount
of change in the future craniofacial
relationships produced by orthodontic
treatment. Recently there has been re-
newed interest in the impact of ortho-
dontic forces on the development of the
facial skeleton®* and on the vertical
development of the alveolar process;®
unfortunately, accurate quantitation of
the changes produced in craniofacial
relations by orthodontic treatment is
lacking. If orthodontic forces cause
permanent changes in craniofacial rela-
tions and if these changes are of the
magnitude reported by some investi-
gators, then the component of the future
occlusal position of the mandible due
to orthodontic treatment could well be
the most important factor in the accu-
rate prediction of future craniofacial
relations.

SuMMARY AND CONCLUSIONS

The purpose of this investigation was
1) to analyze the relationship between
mandibular morphology and the future
occlusal position of the mandible and
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2) to determine the predictive signifi-
cance of any existing relationships.

The sample consisted of forty-one
males, each represented by a series of
two cephalograms taken at seven and
eleven years.

The scheme of the cephalometric
analysis consisted of linear and angular
measures of mandibular morphology
and of the occlusal position of the man-
dible at seven and eleven years. From
these measurements the changes in the
occlusal position of the mandible were
determined, and the relationships be-
tween mandibular morphology and
changes in the usual occlusal position of
the mandible were studied.

The statistical approach of simple
linear correlations and multiple regres-
sion was employed 1) to test the signifi-
cance in this sample of various relation-
ships of mandibular morphology at age
seven with the occlusal position of the
mandible at age eleven and 2) to evalu-
ate the predictive significance of these
relationships.

From the findings the following con-
clusions were drawn relative to this
specific sample:

1. The addition of mean increments
of change to the existing position
of a mandible proved to be a sim-
ple and fairly efficient method of
predicting the future position of
the mandible. Although complex
multiple regression equations were
statistically more efficient, the dif-
ference in prediction efficiency was
clinically negligible.

2. The extent of prediction efficiency
noted in this study results from the
degree of stability in craniofacial
relationships through time and not
from any new insight into indi-
vidual changes in craniofacial rela-
tionships.

3. No statistical support is found for
the hypothesis that individual
mandibular characteristics provide

January, 1969

information upon which to base an
accurate prediction of changes in

the occlusal position of the man-
dible,

4. There is no statistical support for
the view that the summation of a
number of morphological traits of
the mandible will allow a more
accurate prediction of changes
which occur in the occlusal posi-

- tion of the mandible with time.

1309 Packard
Ann Arbor, Mich. 48104

ACKNOWLEDGMENTS

Appreciation is expressed to Drs.
James E. Harris, Lysle E. Johnston, and
Paul S. Dwyer, and to Miss Esther B.
Schaeffer for their advice and assistance.

BIBLIOGRAPHY

1. Adams, J. W.: Cephalometric studies
on the form of the human mandible.
Angle Orthodont., 18:8, 1948.

2. Beattie, J. R. Serial radiographic
cephalometric study of mandibular
growth and its relationship to height,
weight, and skeletal age. Thesis,
Western Reserve University, 1963.

3. Bjork, Arne. Estimating the age
changes in overjet and sagittal jaw

relation. FEurop. Orthodont. Soc.
Trans., 29:240-56, 1953.
4. ———. Cranial ‘base development.

Am. J. Orthodont., 41:198-225, 1955.

5. Blair, E. S. A cephalometric roent-
genographic appraisal of the skeletal
morphology of Cl. 1, CL II, Div. 1,
and CL II, Div. 2 (Angle) malocclu-
sions. Angle Orthodont., 24:106-119,
1954,

6. Broadbent, B. H. The face of the
normal child. Angle Orthodont., T:
183-208, 19317.

7. Brodie, A. G. On the growth pattern
of the human face from the third
month to the eighth year of life.
Am. J. Anat., 68:209-62, 1941,

8. Coben, S. E. The integration of facial
skeletal variants. Am. J. Orthodont.,
41:407-34, 1955.

9. Craig, E. C. The skeletal patterns
characteristic of Cl. I and Cl TII,
Div. 1 malocclusions in norma later-
alis. Angle Orthodont., 21:44-56,
1951,

10. Dixon, W. J., and Massey, F. J.
Introduction to statistical analysis.
New York, McGraw-Hill, 1957.



Vol. 39, No. 1

11.

12,

13.
14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

Downs, W. B. The role of cephalo-
metries in orthodontic case analysis
and diagnosis, Am. J. Orthodont., 38:
162-182, 1952,

Drelich, R. C. A cephalometric study
of untreated Cl. II, Div. 1 malocelu-
sion. Amngle Orthodont., 18:70-75,
1948.

Ezekiel, Mordecai and Fox, K. A.
Methods of correlation and regres-
sion. New York, John Wiley, 1959.

Fisk, G. V., et al. The morphology
and physiology of distoclusion. Am.
J. Orthodont., 39:3-12, 1953.

Gilmore, W. A. Morphology of the
adult mandible in Cl. II, Div. 1
malocclusions and in excellent occlu-
sion6 Angle Orthodont., 20:137-146,
1950.

Guilford, J. P. Fundamental Sta-
tigtics in psychology and education.
New York, McGraw-Hill, 1950.

Harris, J. E. A cephalometric analy-
sis of mandibular growth rates. Am.
J. Orthodont., 18:161-173, 1962,

~————. A multivariate analysis of
the craniofacial complex. Thesis.
University of Michigan School of
Dentistry, 1963.

Harvold, E. Some biologic aspects of
orthodontic treatment in the transi-
tional dentition, Am. J. Orthodont.,
49:1-14, 1963.

Hellman, M. Morphology of the face,
jaw, and dentition in Cl. III mal-
occlusions of the teeth. Am. Dent.
A. J., 18:2150-2173, 1931.

Jensen, E., and Palling, M. The
gonial angle. Am. J. Orthodont., 40:
120-133, 1954.

Johnston, L. E. A statistical evalua-
tion of cephalometric prediction.
Thesis. University of Michigan,
School of Dentistry, 1963.

Lande, M. J. Growth behavior of the
human bony facial profile as re-
vealed by serial cephalometric roent-
genography. Angle Orthodont., 22:
78-90, 1952.

Maj, G., Luzi, G., and Lucchese, P.
Relation between mandibular growth
and mandibular features, European
Orthodont. Soc. Trans., 1963,

Meredith, H. V. Recent studies on

Mandible

217.

28.
29.

30.

31.

32,

33.

34.

35.

36.

31.

38.

41

growth of the body and face. Am. J.
Orthodont., 45:110-124, 1959,

. Mitchell, D. J. E. The mandibular

morphology of distoclusion. Am. J.
Orthodont., 40:232, (abstract), 1954.

Moyers, R. E. Temporomandibular
muscle contraction patterns in Angle
Cl. II, Div. 1 malocclusions: An
electromyographic analysis. Am. J.
Orthodont., 35:837-857, 1949.

~——————. Handbook of orthodontics.
Chicago, Yearbook, 1963. p. 599.

Nanda, R. S. The rates of growth of
several facial components measured
from serial cephalometric roentgeno-
grams. Am. J. Orthodont., 4:198-225,
1955.

Nelson, W. E., and Higley, L. B. The
length of mandibular basal bone in
normal occlusion and Cl. I malocclu-
sion compared to Cl. II, Div. 1 mal-
ocelusion. Am. J. Orthodont., 384:
610-617, 1948,

Perry, H. T. Functional electromyog-
raphy of the temporal and masseter
muscle in the Cl. IT, Div. 1, malocclu-
sion and excellent occlusion. Angle
Orthodont., 25:49-59, 1955.

Renfroe, E. W. A study of the facial
patterns associated with ClL I, Cl, II,
Div. 2, and Cl. III malocclusions.
Angle Orthodont., 18:12-15, 1948.
Ricketts, R. M. Cephalometric syn-
thesis. Am. J. Orthodont., 46:467-673,
1960.

—————. Cephalometric analysis and
synthesis. Angle Orthodont., 31:141-
156, 1961.

Schudy, F. F. The rotation of the
mandible resulting from growth: Its

implications in orthodontic treat-
ment. Angle Orthodont., 35:36-50,
1965.

Scott, J. H. The growth and function
of the muscles of mastication in rela-
tion to the development of the facial
skeleton and of the dentition. Am. J.
Orthodont., 40:429-446, 1954.

Walker, H. M. and Lev, J. Statistical
Inference. New York, Holt, Rinehart
and Winston, 1953. p. 501.
Washburn, S. L. The new physical
anthropology. Tr. N.Y. Aecad. Sci-
ences Series II, 13:298-304, 1951.



