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The human skull or cranium consists
of a complex collection of bones serving
a number of functions. It is divisible
into the cerebral cranium, or calvaria,
and the visceral cranium, or face. The
bones of the face and the areas to which
they contribute show wide ranges of
variability in their rate, time, and se-
quence of growth and in their final size.
When these parts are combined and
constitute a pattern, they may or may
not be in harmony with each other. It
is believed that the pattern of an in-
dividual is established well before birth
and remains remarkably stable. Growth
of this pattern is an even and orderly
process, proceeding on diminishing
gradients. (Brodie *50).

The external form of the vertebrate
organism is based on the relative
growth along three axes: (1) one axis
is longitudinal, with cephalic and cau-
dal ends; and (2 and 3) the other two
are at right angles to each other, one
dorso-ventral and the other lateral, at
right angles to the longitudinal axis.
(Krogman ’40). Growth, then, is-in
three planes, and balance and symmetry
are thus inherent in the basic verte-
brate growth pattern. Mass is achieved
by growth in all three dimensions, but,
because the increases are different in
the three dimensions, such growth re-
sults in something other than a mere
blowing up. This process which witness-
es the transformation of the infant to
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the adult has been called by various
names such as development or matura-
tion.

The study of the proportions of the
human body has occupied attention
for many years. Some of the earliest
Egyptian statues were cairved from a
set standard. The sculptors of Greece
relied extensively upon a definite for-
mula of proportion, “the canon of Poly-
cletus”, (Wilder *26). According to this
canon the face was one-tenth and the
head one-eighth of the total height of
the body. The face was divided into
three equal parts from the chin to the
lower border of the nose, thence to the
upper border, and from the latter to the
hair line.

Angle (°07) was of the opinion that,
“the study of orthodontia is indissolu-
bly connected with art as related to the
human face”. He was aware “that
while all human faces are greatly alike,
yet all differ”. He continued that “lines
and rules for their measurements have
ever been sought by artists, and many
have been the plans for determining
some basic line or principle from which
to detect variation from the normal”.

It has long been an observed fact
that the head is closest to its adult size
at birth, that the trunk is next and the
limbs last. One would therefore say
that the head at birth was relatively
larger in proportion to the rest of the
body and relatively small in the adult.
This would certainly seem to indicate a
change in proportion. Certain studies
however, have indicated that such ulti-

‘mate changes in total proportions may
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result from the interaction of growth -
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rates which are coordinated with each
other. Thus Scammon and Calkins
(’29) found that in general the linear
growths of the various parts of the body
were in uniform ratios during the fetal
period. This seemed to conflict with the
well-known fact that the proportions of
the various regions changed during this
period. However, they demonstrated
clearly that these changes in propor-
tion arose through inequalities of
growth rates already established in the
earlier embryonic period. The newly
recognized law of uniform fetal growth
ratios was shown to be in complete har-
mony with the previously known “law
of developmental direction”.

Both environmental and hereditary
factors play an important role in in-
fluencing facial proportions. Draper
(’35) has related facial features to dis-
ease; Wylie (’47) has described modi-
fication of head form to environment;
Ivanousky (’23) has reported changes
in measurements during famine; and
Stockard and associates (*41) have in-
vestigated the basis of genetic and en-
docrinic differences in form and behav-
ior.

Some attempts have been made to
determine the relationship between the
growth of facial components in cross
sectional studies on skeletal and living
human material. Using measurements
from skull collections, Izard (’27)
claimed a definite proportion between
face and dental arch. The maximum
breadth of the dental arch is said to
bear a constant ratio to the maximum
bizygomatic width. Likewise, a con-
stant ratio is said to exist between the
length of the arch and the depth of the
face. Meredith and Higley (°51) failed
to confirm Izard’s results.

Hellman (*39) used an index or ratio
in order to describe facial proportions
independent of absolute size. Thus he
was able to study the various parts of
the face in relation to each other. In
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one of his papers, Hellman (’35) con-
cluded that the infant’s face is trans-
formed into that of the adult by an
increase in size, by changes in propor-
tion, and by adjustment in position.

In longitudinal studies of human
head growth, Broadbent (’41)} demon-
strated by a method of superposing
serial tracings of head X-rays, a re-
markable stability of certain parts of
the facial skeleton. Brodie (’41), using
a similar though quantitative method
on a sample of white males from the
third month to the eighth year of life
found facial growth so orderly that
basic angular measurements remained
contant in the same individual. He con-
cluded that the morphogenetic pattern
of the face was established by at least
the third month of life and thereafter
did not change.

Tirk (°48) employed a planimeter
on tracings of serial cephalometric
roentgenograms after dividing the face
into its functional areas. The findings
indicated an early establishment of the
facial pattern and the maintenance of
the proportions of these areas to one
another, at least in norma lateralis.

In a statistical analysis of measure-
ments derived from cephalometric ro-
entgenograms, Wylie (’44) showed that
the nasal and dental heights were
among the most stable of the cranio-
facial dimensions. He accepted as true
the assertion of Brodie that propor-
tionality of facial parts did not change
during growth and developed an “As-
sessment of Anteroposterior Dysplasia”.
(Wylie *47) . He had noted considerable
variation between the lengths of the
segments which, combined, contribute
to the anteroposterior dimension of the
face, and also that such variation did
not necessarily lead to great overall
differences. The study of individual
cases revealed that where one segment
was overly large its effect might be ob-
scured by another that was smaller
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than average. Dysplasia resulted when
deviations of like kind in the same di-
rection were clustered in the same in-
dividual.

In spite of the seeming agreement in
the findings of Brodie, Tirk, Wylie and
other recent workers, certain questions
have arisen regarding the constancy of
proportions of facial parts during
growth. As data has accumulated on
the period of puberty and young adult-
hood, these stages have been subjected
to intense scrutiny. Bjork (*47) has re-
ported on the differences between the
profiles of boys and those of men of
conscript age. Lande (°51) has made a
longitudinal study of males from the
third to the eighteenth year showing
some changes in the configuration of
the bony facial profile with age.

The present study was undertaken to
ascertain statistically what changes, if
any, occur with age in certain cranio-
facial proportions in the horizontal and
vertical planes. Utilizing measurements
from lateral roentgenographic tracings,
a statistical analysis was made and cer-
tain anatomical points were found to
remain proportionally stable while oth-
ers changed.

MATERIAL AND METHOD

The material used in this investiga-
tion was derived from the files of the
Department of Orthodontia, Univer-
sity of Illinois. Thirty cases were chosen
which had not received orthodontic
treatment and were in normal or ideal
occlusion, according to the Angle Clas-
sification. Of these thirty cases, twenty-
four were males and six were females.
Films showing the teeth in occlusion
were picked at random from each pa-
tient’s file on the basis of the quality of
the film. Because possible age changes
were our rain interest, two films were
utilized, one before and one after the
probable onset of puberty. The mean
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pre-puberal age was 8.13 years with a
standard deviation of 0.94; post-puber-
al age, 15.16 years with standard de-
viation of 0.87.

Measurements were made on the
tracings of oriented headplates. The
technique for taking and tracing these
cephalometric films has been described.
(Brodie ’41). Bilateral anatomical
points and structures are at times not
superposed on well oriented lateral
head films. For this reason, the mid-
point between the bilateral structures
was used, with the exception of the up-
per left first molar. This reduced the
distortion caused by differences in the
distance from the mid-line to the vari-
ous points used and thus allowed all
structures to be considered as lying in
the mid-line. This procedure also
tended to eliminate errors caused by
slightly improper orientation of the pa-
tient during exposure of the film.

The factor of size distortion, intro-
duced by the distance of the film from
the mid-saggital plane of the head, did
not require consideration since all meas-
urements were converted to propor-
tions. The group was not divided ac-
cording to sex since changes in propor-
tion due to this factor were not con-
sidered in this investigation.

Definitions of the anatomical points
of interest employed are given in the
glossary of terms and a typical tracing
illustrating these points is shown in
Figure 1.

GLossARY oF TERMS

S The center of sella turcica. Located
by inspection.

N Nasion. The mid-point of the su-
ture between frontal and nasal
bones.

Bol Bolton point. The highest point
of the concavity of the condyloid
fossa of the occupital bone,
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P Porion {(cephalometric). The up-
permost point on the soft tissue
overlying the external auditory
meatus.

O Orbitale. The lowest point on the
inferior margin of the orbit.

ANS Anterior nasal spine.

A Subspinale. The most posterior
mid-line point on the pre-maxilla
between the anterior nasal spine
and prosthion.

B Supermentale. The most posterior
mid-line point on the mandible be-
tween infradentale and pogonion.

Po Pogonion. The most anterior
point in the mid-line of the mandi-
bular symphysis.

Gn Gnathion. A point on the chin
determined by bisecting the angle
formed by the facial and mandibu-
lar planes. (The facial plane pass-
es through nasion and pogonion.
The mandibular plane used is a
line tangent to the lower border of
the mandible posteriorly and to the
cross-section of the symphysis an-
teriorly.

Go Gonion. A point on the gonial an-
gle determined by bisecting the
angle formed between the mandi-
bular plane and the plane repre-
senting the posterior border of the
ramus.

C Point C. Formed by the intersec-
tion of the plane representing the
posterior border of the ramus and
the plane drawn parallel to the
anterior nasal spine-Bolton plane,
through the lowest point of the
sigmoid notch of the mandible.

Ptm Pterygomaxillary junction. The
point at which the maxillary tu-
berosity abuts against the ptery-
goid process of the sphenoid bone.

6 Maxillary first molar. A point mid-
way between the mesial and distal
buccal cusps of the left maxillary
first molar.
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Fig. 1. Points used in this study.

1 Upper central incisor. A point rep-
resenting the incisal edge of this
tooth.

Tracings of the lateral head plates
were made in the usual manner and the
anatomical points were located. The
tracings were then laid on millimeter
graph paper as follows: the graph pa-
per was divided into four quadrants by
two coordinates, or axes of reference;
one horizontal which we will call X,
and one vertical, which we will call Y;
these intersected in the middle of the
page. Plane S-N was chosen as the
plane of reference and was laid on the
X axis with S superposed at the inter-
section of the X and Y axes. (Figure
2).

Fig. 2.

Plane of reference and axes.



30 B. H. Williams

Positions for each anatomical point
could be established in relation to the
X and Y axes for both the pre- and
post-puberal age groups. These were
defined as distances in millimeters from
the respective axcs. The mean position
of each point in the pre-puberal group
was compared with that in the post-
puberal group. (See Table 1 and Fig-
ure 3). Proportions or ratios were em-
ployed, using the distance S-N as 100%
along the X axis, and the distance from
the X axis to Gn as 100% along the'Y
axis. The mean of the proportions for
each point, along these axes, and for
the pre- and post-puberal age groups
were determined and expressed in per-
centages. (Table 1). Henceforth, these
mean proportions will be called the
relative distance of the various points,
such as the relative distance of point A.
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Fig. 3. Mean position of each anatomical
point in pre-puberal and post-puberal groups.

The absolute distances of any point,
such as A, was expressed as X’ A or
Y A

TABLE 1

MEAN DISTANCE IN MILLIMETERS AND THE MEAN PROPORTION IN PERCENT OF
THE ANATOMICAL PoINTs ALoNG THE X AND Y AXEs

Anatomical Dimensions Proportions
Points Pre- Post Pre- Post

SN 67.7 73.8 100.00 100.00
X’ ANS 63.7 70.1 94.18 95.13
Y’ ANS 7.9 55.1 47.08 46.94
XA 58.1 63.2 85.83 85.75
Y’ A 52.0 60.8 51.46 51.75
X1 56.7 62.7 83.88 85.18
Y’ 1 71.1 83.3 70.88 70.32
X’B 47.1 52.7 69.67 71.62
Y’B 84.6 97.4 84.25 82.93
X, Po 45.9 - 53.3 67.92 72.41
Y, Po 94.3 110.7 94.60 95.11
X’ Gn 42.2 49.6 62.68 67.39
Y’ Gn 100.4 117.4 100.00 100.00
Y’ Go 62.6 76.3 62.98 63.90
X’ Go 131 16.6 19.44 22.44
X’ C 16.0 19.9 23.74 26.97
Y’C 29.1 33.4 28.51 28.44
X'P 19.6 24.8 29.05 33.67
Y'P 15.5 17.5 16.35 14.88
X0 49,6 53.4 73.98 65.51
Y’O 25.2 27.9 25.25 21.30
X6 23.2 29.8 34.29 40.41
Y’é6 55.7 70.2 55.41 58.62
X’ Ptm 14.7 14.7 21.81 19.89
Y’ Ptm 34.5 39.5 34.36 32.85
X’ Bol 48.0 52.3 ’ 70.91 71.11
Y’ Bol 31.3 34.1 31.27 29.19
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A few key anatomical points were
selected which would define the posi-
tion of the upper and lower faces in
relation to the cranial base. These
points were: A, B, Gn, Go, and C. Bol-
ton point was included to relate the
posterior cranial base to the anterior
cranial base; similarly, orbitale was re-
lated to point A. These points were sta-
tistically analyzed to determine wheth-
er the mean proportions observed in
the tables in the pre- and post-puberal
groups changed with age.

Because of an interest in lower face
growth, the following relations were
also studied: X’ Go+X’ Gn/SN; the
actual length of Go Gn/SN; X’ Go/X’
Gn; X’ C/X’ Bol; and X’ Go/X’ C.

Snedecor’s “‘t” values, using the meth-
od of paired comparisons, (Snedecor
’48) answered this question and we ac-
cepted the 5% level as the critical level
of probability as the standard of sta-
tistical significance. (Table 2).

In connection with X’ Go/X’ Gn and
X’ Go/X’ C, it was found profitable to
apply an analysis of covariance in order
to establish F values.

For each proportion limits were set
around the mean of the difference be-
tween the pre- and post-puberal groups.
This was established by use of the con-
fidence or fiducial inference at the .03
level. According to this statistic, 95%
of the population should fall within
these limits. These calculations were
made in order to facilitate comparisons
with other groups in future studies.

OBSERVATIONS

Certain impressions could be gained
by comparing the mean relative dis-
tance of each point along the X and Y
axes in the pre- and post-puberal age
groups. An example of relative constan-
cy is afforded by point A. Ptm remained
stable in its position from the Y axis,
but showed a decrease in its relative
distance along both axes. The upper
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first molar revealed an increase in its
relative distance along both axes. Point
C tended to increase its relative dis-
tance along the X axis, but it remained
fairly stable in the Y axis. Bolton point
was apparently stable in the X axis and
showed a slightly decreased relative dis-
tance in the Y axis. The numeral value
of these findings only revealed the mean
pattern or trend. (Table 1).

A statistical analysis was applied to
determine whether or not these obser-
vations were significant. Could the dif-
ferences in the relative positions shown
by these anatomical points in the pre-
puberal and post-puberal age group-
ings be accounted for on the basis of
mere chance? The “t” value was cal-
culated by the method of paired com-
parisons.

The “t” values confirmed that the
following relations remained stable:
X' A, Y A X Bol, Y C, and
X’ O/X" A. The following relations
were shown to differ significantly in
the two groups: X’ B, Y’ B, X’ Gn, X’
Go, Y’ Go, X’ C, Y’ Bol, X’ O/Y’ A,
Go Gn/SN, X’ Go+X’ Gn/SN, and X’
C/X’ Bol.

X’ Go/X’ Gn and X’ Go/X’ C,
which had low “t” values, displayed
high standard deviations. For this rea-
son the statistical analysis was further
pursued using the method of covari-
ance. The analysis of covariance allows
a comparison; for example, the pre-
and post-puberal X’ Go/SN propor-
tions, and the pre- and post-puberal X’
Gn/SN proportions. At the same time
it informs us whether the X’ Gn dis-
tance was proportional to, or bore any
relation to the X’ Go distance. F was
found to be statistically different for
the relationship X’ Go/X’ C, while F
was found to be highly significant for
the relationship X’ Go/X’ Gn.
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Other relations showing highly sig-
nificant differences were: X’ Gn, X’
Go, X’ C, Y’ Bol, Y O/Y" A, Go
Gn/SN, and X’ Go+X’ Gn/SN.
(Table 2).

Fiducial limiis of the differences of
the two groups were established in or-
der that comparisons might be made
with other groups in future studies.
These are compiled in Table 2. For
points which are relatively stable, the
fiducial limits will be found to be nar-
row. For example, X’ A with a mean
difference of 0.1%, will show limits
from -0.95 to 1.15%. On the other
hand, the relations which show a sig-
nificant difference in their means in
the pre- and post-puberal groups had
broader fiducial limits. For example,
X’ Gn with a mean difference of 4.4%,
had limits from 2.7 to 6.1%.
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Discussion

This investigation seems to indicate
that the relative distance of certain
anatomical points maintains a constant
rclationship to the cranial base (S-N
plane) and/or to the total facial
height (Y’ Gn distance). Point A was
found to be stable in its proportional
relationship in both planes, and veri-
fied the findings of other investigators.

On the other hand it would appear
that the relationship of the horizontal
distance of Gn from a reference axis to
the length of the anterior cranial base
is "altered. Does this mean that the
mandible is growing more rapidly than
the cranial base? Lande (’51), in a
study of the facial profile, pointed out
that in some individuals the lower face
as typified by Gn appeared to grow

TABLE 2.

TABLE SHOWING THE STANDARD DEVIATION, STANDARD ERROR, “t” VALUE, THE
ProBaBILITY VALUE, THE MEAN DIFFERENCE, AND THE FipuciaL Limirs
OF THE MEAN

Anatomical The Mean Fiducial
Points 8 SE et P Difference Limits
X A 2.82 51 0.19 >.8 0.1 -95 115
Y’ A 2.95 .54 0.56 >.5 0.3 -80  1.40
X’'B 4.20 Nii 2.48 >.01 1.9 .33 3.47
Y’ B 2.47 45 3.10 <.01 -1.4 -47  -2.32
X’ Gn 4.64 .85 5.19 <.001 4.4 2.66 6.13
X’ Go 3.66 .67 4.46 <.001 3.0 1.64 4.36
Y’ Go 2.90 .53 2.84 <.01 1.5 42 2.58
X’ C 2.72 .50 6.45 <.001 3.2 219 421
Y’ C 3.20 .58 0.85 4 -0.5 .69 -1.69
X’ Bol 3.35 .61 0.33 >.7 0.2 “1.05 1.45
Y’ Bol 2.29 .42 2.07 <.001 1.7 -85 -2.55
X’ 0/X’ A 3.11 .64 1.26 >.2 -0.8 51 211
Y’ 0/Y’ A 2.78 57 4.40 <.001 -2.5 -1.33  -3.68
Go Gn/SN 3.19 .58 13.21 «<.001 7.7 6.51 8.89
X’ Go4+X’ Gn 411 75 10.13 <.001 7.6 6.07 9.13
SN
X’ Go/X’ Gn 8.31 1.52 1.98 .08 3.0 TUsed F Value
X’ ¢/X’ Bol 8.32 1.47 3.41 <.01 5.0 2.00 8.00
X’ Go/X’ C 13.06 2.39 0.38 7 0.9 TUsed F Value
BY ANALYSIS OF COVARIANCE
Relations F P F Values
X’ Go/X’ Gn 11.83 <.01 Fl9, — 7.08
X’ Go/X’ C 7.20 <.01 F59% = 4.00
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relatively more in the horizontal plane.
It seems that a part of this change oc-
curs at the symphysis. Brodie (’50)
noted that the images of the mandibu-
lar symphysis of the same individual at
an early age could not be superposed
with those of a later stage of growth.
He also showed a change in the rela-
tionship of the alveolar process to the
skeletal portion of the mandible, which
he explained by stating that after a cer-
tain age the denture was not moving
forward at the same rate as was the
total facial skeleton.

An examination of the X’ B distance,
which in part reflects mandibular al-
veolar process, revealed a change. It
must also be noted that the change was
not as great as that occurring at gna-
thion, nor was the mean difference be-
tween the pre- and post-puberal age
groups as great. In other words, B does
not appear to be moving forward as
rapidly as Gn.

The constancy in the two groups of
X' O/X’ A would seem to indicate a
stable relative growth rate in the hori-
zontal direction in the upper face. The
relative growth along the X axis of
the upper face might be construed to
be fairly constant, while the compon-
ents of the lower face indicate a varia-
ble relationship. On the whole it would
seem that the vertical proportions are
quite variable and would indicate the
need for further study.

It is attractive to consider the possible
role of the hormonal changes occurring
during the period under study. Could
the change in relative proportions re-
flect hormonal influence on growth
gradients of the craniofacial sites?
Since this study was limited to two
groups taken at a wide interval, it
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would be desirable to have a study
taken at closer intervals to answer some
of these questions.

Whenever we apply statistical pro-
cedures to the evaluation of a problem,
great care must be taken to apply the
correct procedures, especially if we are
to extend the data to the description of
an individual. This cannot be done un-
til comparisons are made with other
groups representing various classes of
malocclusions.

A continuation of investigations along
the lines employed in the present study
are being planned by the author.

SUMMARY

A comparison of the same individuals
before and after the onset of puberty
was made to determine the craniofacial
proportionality in a horizontal and ver-
tical plane. The relative distance of
certain anatomical points apparently
remain stable. They are: X’ A, Y’ A,
X’ Bol, Y’ C and X’ O/X’ A. Other
relations showed statistical differences
in the two groups. They are: X’ B, Y’
B, X Gn, X’ Go, Y Go, X’ C,
Y’ Bol, Y O/Y" A, Go Gn/SN, X’
Go+X’ Gn/SN, X’ Go/X’ Gn, X’
C/X’ Bol, and X’ Go/X’ C.
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