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Normal sex differences in the size
and relationship of facial components
tend to increase with age. Most often it
is with the onset of puberty (Stern)
that male-female variations in general
body growth and proportions, as well
as in the relative growth of specific
parts of the craniofacial skeleton, begin
to develop most noticeably. These
secondary sex differences are of par-
ticular diagnostic interest to the ortho-
dontist, whose therapeutic efforts are
usually carried out during late child-
hood or early adolescence, and are thus
completed long before mature facial
contours have been achieved.

In order to more fully investigate the
extent of sex differences in the adult,
several dimensions of the face and skull
were measured in a group of post-
adolescent male and female subjects in
whom growth was essentially complete.

METHOD AND MATERIALS

Data for depth, height and angular
relations of the skeleton were obtained
from lateral cephalometric tracings of
100 males and 100 females. Criteria for
selection of a subject in this study were:
(1) Caucasian, age 20-30, (2) Class I
dental occlusion with good alignment
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of teeth, (3) no prior orthodontic treat-
ment, (4) excellence of the x-ray film*.
Measurements to the nearest 0.5 mm
or one-half degree were taken of the
following 7 linear and 3 angular dimen-
sions: (Figure 1)

1. Nasion-sella (n-s): the anterior
cramal base.

2. Nasion-gnathion (n-gn): total
face height.

3. Nasion-Ans’: upper face height.
Ans’ is the point of intersection
of a perpendicular from anterior
nasal spine to the line n-gn.

4. Ans’-gnathion: lower face height.

5. Chin length: the distance be-
tween the point of intersection
of a perpendicular dropped from
Downs’ B point to the mandibu-

Figure 1. Reference points used.
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Figure 2a. Measurement (“C”) proposed
by Meredith (1957) for the “Anterior
concavity of the mandible”.

Figure 2b. The linear dimension B’-p’ is
the complement of “C”.

lar plane (B’), and the point of
intersection of a perpendicular
tangent to the most anterior
point on the chin with the man-
dibular plane (p’).

This dimension (B’-p’} is the
complement of a measurement
proposed by Meredith (1957) for
the “anterior concavity of the
mandible” (Fig. 2a). The B-p’
diameter is larger and somewhat
easier to measure than the ante-
rior concavity and this tends to
minimize the impact of measure-
ment error (Fig. 2b).

6. Gonion-B’: mandibular length
(minus the chin dimension).
Gonion is the point of intersec-
tion of a line tangent to the
posterior border of the ascending
ramus and the mandibular plane.

7. Overbite: measured as the dif-
ference between n-incisal tip of 1

and n-incisal tip of 1.
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8. Angle s-n-pogonion.
9. Angle s-n-B.

10. Gonial angle: formed by the
mandibular plane and a line
tangent to the posterior border of
the mandible.

Except as noted below, differences
between the mean values observed for
each of the measurements in the 100
males and the corresponding values for
the 100 females were tested for statisti-
cal significance with a Normal Curve
Test; the F ratio was used to test the
variability of each measurement in
relation to sex; correlation coeflicients
were computed for several pairs of
measurements. In all instances the con-
fidence interval for determining statisti-
cal significance was 95%.

Resuvrrs

On the basis of generally larger sta-
ture it is expected that male values
would exceed those of femalcs and this
proved to be so in most cases. The
gonial angle is an exception, as the fe-
male mean value is 2.7 degrees larger
than that of the males. These data con-
firm earlier reports on sex variation in
the gonial angle (Hrdlicka, Izard, and
Hellman, reviewed by Jensen and Pal-
ling, 1954) (Braun and Schmidt, 1956).

Differences in male-female mean
values for all of the other dimensions
studied are statistically significant
(Table I) except for overbite and
angle s-n-po. It will be recalled that
when comparisons are made between
mean values there is an assumption that
the measurement series, when grouped,
will be similar to a normal distribution
curve, Nine of the dimensions studied
approached normality in distribution
pattern. Measurements of the tenth
(the bony chin dimension B’-p’) were
not normally distributed, however, and
are discussed separately below.

Although there is a tendency in both
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TABLE I
The ranges, means, differences between means, standard deviations and F ratios.
Measurement  Range Mean Difference S.D. P
Between
Males Females Males Females Means Males Females Ratio
s-n 70-90 63-83 79.2 73.2 6.0* 4.10 3.60 1.29
n-gn 116-151 104-141 136.0 125.6 10.4*% 7.08 6.24 1.29
n-ans’ 52-68 46-66 59.4 55.2 4.2% 3.42 3.14 1.19
ans’-gn 57-90 58-85 76.5 70.5 6.0% 5.67 5.16 1.19
go-B’ 68-96 60-83 79.8 72.9 6.9% 5.88 4.86 1.46%
Angle
s-n-po  74-90 70-94 82.2 81.4 .8 3.52 412 1.37
Angle
s-n-B*  67-83 66-87 76.2 748 1.4* 3.46 3.90 1.27
Gonial
Angle 106-140 112-136 122.2 124.9 2.7 6.90 5.91 1.36
Overbite 1-6 1-6 3.8 3.7 .1 1.81 1.35 1.06

* Signifies P of .05 or less.

sexes for variation in most of the linear
dimensions studied (s-n, n-gn, n-ans’,
ans’-gn, go-B’) to increase as the mean
measurement increases, only one vari-
ance ratio (go-B’) was found to be
statistically significant at the 5% level.
This is partly due to the relatively
lower female standard deviation ob-
tained for this dimension and may also
be related to the similarly lower female
S.D. found in the gonial angle measure-
ment.

Values for angles s-n-po and s-n-B’
were of interest in that female varia-
bility exceeded that of males. Although
males showed slightly larger mean
measurements in both angles, the male-
female difference was significant only
for s-n-B’. Differences in mandibular
position plus the compensating effect
of sex differences in the bony chin
appear to be contributing to this lack
of between-sex variation in angle s-n-po.

Total correlation coefficients for the
several pairs of variables investigated
were calculated and are presented in
Table II. While a number of the r
values obtained differ significantly from
zero, none are high enough to warrant
special comment. In general, the cor-

relations fall within the limits reported
in similar studies of craniofacial morph-
ology.

When ranges of the various series of
measurements are considered in rela-
tion to sex, some overlapping is to be
expected. That is, some females are
likely to be smaller than any of the
males and some males larger than any
females. The lower face height dimen-
sion (Ans’-gn) Is an exception to this
expected pattern as the entire range
for the females falls within the male
range and no skewing is apparent. The
male mean value is significantly greater
in this case. An almost reverse situation
occurs in the gonial angle measurement,
where the entire female range of val-
ues falls within the extremes of the
male distribution and the female mean
is significantly larger than that for the
males.

Tue Bony CHIN

The chin process (B’-p’) of the man-
dible plays an important role in facial
esthetics. This dimension differs from
the others studied in that the ranges
for males and females are nearly the
same at the lower limit, but quite dif-
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TABLE 1II

Correlation coefficients for measurements of pairs of linear and angular dimensions.

n-ans’
M F M F M F M

ans’-gn B’-p go-B’

s-n-B’ Gonial Overbite
F M F M F M F

$-1-po
F M

s-n 13 43 -01 .16 .24 -13 .22 .27 -.01 -21 -.05 -18 —.02 .21 .04 .07
n-gn .40 .07 .03 .14 -50 -.26 -.56 --26 .14 .14 .40 .08
n-ans’ A5 .12 .23 .02 .11 .11 -35 -41 -35 —-41 -.01 .08 -.22 .15
ans’-gn 36 .19 —.06 .25 —.41 --23 -49 -22 23 .03 -.34 -.27
B-p’ -19 -10 -.07 .16 —-30 -03 .21 .23 -24 .01
go-B’ 37 .33 .39 .37 —64 -51 .07 -11
Angle s-n-po -21 -16 .13 -.23
Angle s-n-B’ -29 -.83 .20 -.24

Gonial angle

-17 .00

Since correlations of s-n-B’ with s-n-po and n-ans’ or ans’-gn with n-gn all
represent correlation of part of the structure with the whole and are difficult to

interpret, they have been omitted.

In testing the correlation coefficient against 0, the 95% confidence interval
includes r values between —196 and +.196.
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Figure 3. Distribution of measurements
of the bony chin (B’-p’) taken from the
tracings of 100 male and 100 female
white adults age 20-30.

ferent at the upper end of the distribu-
tion (Fig. 3). The impression gained is
that of an irreducible minimum for
normal bony chin size regardless of sex.
In the population studied, very large
chins appear to be characteristically
male attributes.

As the frequency distribution of male
values (and to a lesser extent the fe-
male values) are skewed and do not
approximate a normal distribution
curve the differences in this case were
subjected to a Chi Square Test. This
provides a measure of the association

between sex and measurements falling
above and below the median value for
the two groups combined (Table III).
Assessment® of the approximation of
the observed measurements indicates
that the departure from normality is
statistically significant (Table IV).

Age variations in chin contour are
apparent in an illustration contained
in the Natural History of the Human
Teeth (Fox, 1803), although no men-
tion of this is made in the text (Fig. 4).
The illustration is similar to an even
older one which appears in John
Hunter’s classic work (1771) and was
probably inspired by the earlier draw-
ing. Bolk (1924) concluded from his
studies of the human mandible that
the critical period in chin “meta-
morphosis” from mesiogeniotisch
(straight chin) to eugeniotisch (well
developed chin) occurred at the be-
ginning of the second dentition. In a
longitudinal study, Meredith (1957)
found a measurable increase in the
“anterior concavity” of the mandible

* The gl and g2 statistics (Snedecor)
were used to determine skewness and
kurtosis.
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TABLE III

The range; the il]edian, 1st and 3rd quartile values for measurements of the chin.

Range Median 1st Quartile 3rd Quartile
Males 6.0-17.5 10.6 9.20 12.27
Females 5.5-14.0 9.8 9.55 10.95
Males and Females 5.5-17.5 10.14 8.85 12.86
TABLE IV

The distribution of chin measurement values above and below 7the median of the
combined series of male and female values according to sex.

Males Females Total
Below Median 43 57 100
Above Median 57 43 100
Total 100 100 100

Chi Square Value =38.92 (P < .05) 1 d.1.

between 4 and 14 years of age. The
contribution of the chin process to the
prominence of the lower facial profile
thus tends to increase with age.

The lower jaw may be considered as
a complex composed of several com-
ponents (Washburn 1931, Garn 1962).
Different regions of the mandible
(Figures 5a and 5b), including the chin,
appear to vary independently of one
another. It has been shown elsewhere
(Horowitz, Osborne and De George,
1960; Horowitz, In press) that the

Figure 4. Increase in the prominence of
the bony chin from the stage of the de-
ciduous dentition through adulthood.
(from Fox, 1803)

length of the adult chin, particularly,
is affected by sex-influence as well as
specific genetic factors,

Finally, the protrusive chin 1s a
unique human attribute which serves
to distinguish man from not only his
closest primate relatives but also from
most of his hominid ancestors as well.
Ir view of the finding that sex differ-
ences in the anterior portion of the
mandible arc not significant in child-
hood (Meredith), it appears that the
emergence of the chin through re-
modeling in later adolescence parallels
the development of other secondary sex
characteristics.

Figure bHa. Regions of the lower jaw
which vary independently. (after Wash-
burn, 1951)

Figure 5b. The bony chin is also an in-
dependently varying component of the
mandible.
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SUMMARY

1. Mean values obtained from cephalo-
gram tracings of 100 males and 100
females age 20-30 with untreated Class
I occlusion are presented.

2. The dimensions obtained for males
are generally larger than those for fe-
males except for gonial angle size.

3. Correlation coefficients calculated
for several pairs of variables are pre-
sented,

4. Both the age of the subject and the
parameter under study assume im-
portance when investigating sex differ-
ences in craniofacial morphology.

5. These data suggest that the chin
process varies independently of the
tooth bearing portion of the mandible.

630 West 168th St.
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