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Many orthodontic analyses! empha-
size the size and shape of the mandible.
The mandibular length and/or size of
the gonial angle are often directly or
indirectly incorporated in an orthodon-
tic case analysis. However, the associa-
tions and cause-and-effect relationships
of gonial angle changes have not been
investigated on a large sample. The
objective of the present study was to
evaluate the longitudinal changes and

determine the relationships of the
gonial angle to other craniofacial
dimensions.

Bjork? described an increasing curva-
ture of the mandibular base and noted
that this increase was accompanied by
a reduction in the size of the gonial
angle. This reduction, in turn, was
accompanied by wvertical condylar
growth while the gonial angle and
sagittal growth both increased.

Odegaard® showed that the direction
of condylar growth, with respect to the
mandibular line, correlated strongly
with the gonial angle size. He also
found that if the gonial angle is acute,
mandibular growth is more vertical
and directed more anteriorly. Ricketts,*
however, stated that vertical growth of
the mandible is associated with an
oblique rather than an acute gonial
angle and that, with an acute gonial
angle, mandibular body length in-
creases sometimes more than 1.5 mm
per year.

Odegaard® also suggested that direc-
tion of the condylar growth and the
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angle between the condylar growth line
and the mandibular line can be pre-
dicted on the basis of the gonial angle.
Ricketts® formulated a mandibular
growth arc as a guide for estimating
mandibular growth. He maintained
that the gonial angle position moves
posteriorly on this growth arc a dis-
tance that equalled almost one half the
total increase in mandibular growth.

Dorier and Ciamasoni’ concluded
that the gonial angle size is fairly con-
stant at all ages and that severe dental
abrasion or the total loss of teeth had
no effects on the angle.

Keen® noted an increase in size of
the gonial angle with age. This in-
crease, which occurred between the
ages of 50-76 years, was accompanied
by the loss of the alveolar bone when
teeth are lost. In a 6 to 2l-year old
group, the mean gonial angle was 128.3
degrees, and in a 24 to 45-year old
group, the mean gonial angle was 125.4
degrees. Therefore, there was a signi-
ficant decrease between these two age
groups. Keen® also noted that an in-
crease in gonial angle is accompanied
by an increase in mandibular length.

Maj, Luzi and Lucchese® demon-
strated a significant association between
gonial angle measurements at 9 years
of age and relative growth increments
of mandibular length between 9 to 13
years. They felt that this association
might have some value in estimating
mandibular positions.

MATERIAL AND METHODS

This study was based on serial
cephalograms of 111 females from the
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Burlington Growth Centre, Faculty of
Dentistry, University of Toronto. The
Burlington data collection consists of
several serial and cross-sectional groups
of children and young adults between
the ages of 3 and 21 years. In 1933
these individuals were representative of
the three.year old children in Burling-
ton, Ontario. In the present study
tracings were made of the lateral
cephalograms of each of the 111 fe-
males in the serial experimental sample,
at each age from 4 to 14, and 16 to
18 years. The tracings were done by
two operators, but all of the records
for any one individual were made by
one investigator.

The Cartesian coordinates were de-
rived for the craniofacial landmarks
on the Growth Centre’s Gradicon 100
digitizer. The gonial angle was
measured through the posterior border
of the condyle, gonion, and menton.
The size was recorded for each age
from 4 to 14, and 16 to 18 vyears.
Sella-pogonion, mandibular length,
mandibular body length, S-Na-A,
A-Na-B, and Na-A-Pg were measured
at ages 4, 8, 12 and 16 years. Mandib-
ular length was measured from the
condyle (midpoint between most pos-
terior and most superior points on the
condyle relative to the sella-nasion
plane) to gnathion. Mandibular body
length was measured from gonion to
gnathion,

The following measurements were
made at ages 4 and 14 years: angles
S-Na-A, A-Na-B, Na-A-Pg, Na-$-Gn
and orbitale-Bolton point-gnathion, and
three distances incorporating sella and
gnathion. Besides the sella-gnathion
distance, the horizontal and vertical
components of that distance relative
to the sella-nasion plane were used.
That is, the distance sella-gnathion
parallel to sella-nasion was the hori-
zontal component, while sella-gnathion
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TABLE 1
Age-Specific Gonial Angle Size

AGE N Mean S.D
4 109 132.5 4.5
5 109 132.1 4.6
6 111 131.8 4.7
7 111 131.5 4.8
8 i11 131.1 4.8
9 109 130.7 5.0
10 111 130.5 5.1
11 111 130.2 5.0
12 111 129.9 5.1
13 107 129.3 5.3
14 106 128.7 5.5
16 100 1277 5.7
17 46 127.6 6.1
18 T4 127.5 5.6

perpendicular to sella-nasion plane was
the vertical component of the sella-
gnathion distance. Since records were
missing at some ages, the sample size
was not always 111. Only 104 cases
had complete records at both ages 4
and 14 years.

The size of gonial angle at two
different ages was investigated in the
total serial experimental female sample.
The correlation analysis was intracorre-
lation because it related the same
measurement at two different points
in time in the same individuals. A
static analysis of the relationship of the
gonial angle to other craniofacial
measurements was done at ages 4, 8, 12
and 16 years. The dynamics of gonial
angle and craniofacial growth were
demonstrated by the relationship of the
former at age 4 to the size at age 14
and the changes from 4 to 14 of some
craniofacial measurements.

ResuLTs

There was no significant difference
between measurements made by the
two operators.

The size of the gonial angle de-
creased from age 4 to 18 years (Table
I). The actual measurements tended to
be normally distributed, while the in-
crements from age 4 to 14 years were
slightly negatively skewed. There were
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AGE-SPECIFIC GONIAL ANGLE INTRA~CORRELATIONS OF
THE BURLINGTON FEMALE EXPERIMENTAL SAMPLE

AGE (YEARS)

AGE L 6 8 10 12 14 16 18
(Yrs.) (n=109) (n=111) (n=111) (n=111) (n=111) (n=106) (n=100) (n=7k)

5 .9k .95 .93 .87 .85 .83 .83 .79
(n=109)

7 .89 .95 .96 .93 .92 .91 .91 .87
(n=111)

9 .85 .91 .95 .97 .94 .93 .93 .92
(n=109)

11 .83 .90 .95 .97 .97 .96 .95 .94
(n=111)

13 .82 .88 .92 .95 .97 .98 .97 .96
(n=107)

17 .77 .86 .90 .91 .95 .97 .98 .99
(n=46)

TABLE II

significant correlations between gonial
angle at different ages (Table II) even
at large age intervals. However, the
degree of correlation was inversely pro-
portional to the age change.

Gonial angle size tended to be in-
versely related and significantly corre-
lated with mandibular body length and
the size of angles S-Na-A and A-Na-B
(Table III) at ages 4, 8, 12 and
16 years.

The correlations between gonial
angle at age 4 and measurements at
14 years and the increments from age
4 to 14 years were higher for the
measurements than the increments
(Table IV). The age 14 distance be-
tween sella and gnathion parallel to
the sella-nasion plane was the only
measurement that was significantly re-
lated to gonial angle size in both an-
alyses. A further qualitative analysis
demonstrated more clearly how the size
of gonial angle at age 4 was associated

with the sella-gnathion distance par-
allel to sella-nasion plane at age 14
(Table V) and its increment from age
4 to 14 years (Table VI).

DiscussioN

The principles of orthodontic case
analyses are based on the ability to
project later craniofacial dimensions
from present measurements. The
practical significance of gonial angle
in the determination of future growth
tends to be very limited.

In our sample, gonial angle size de-
creased from age 4 to 14 years. As
indicated by the increase in the stand-
ard deviation, the degree of variability
of gonial angle size increased with age.
At age 4, the average gonial angle
measurement was 132.5 degrees. There
was a steady decrease in the gonial
angle size to 128.7 degrees at age 14
and 127.7 degrees at age 16. However,
in individual cases incremental changes
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AGE-SPECIFIC CORRELATIONS OF GONIAL ANGLE TO
SEVERAL LATERAL CRANIOFACIAL MEASUREMENTS IN THE
BURLINGTON SERIAL EXPERIMENTAL FEMALE SAMPLE

AGE 4 AGE 8 AGE 12 AGE 16
MEASUR EMENT (n=109) (n=111) (n=111) (n=100)
S-Pg -.03 -.04 -.00 .09
Mandibular Length -.06 -. 0k -.05 .05
Mandibular Body Length =.36%% -.33%x -, 38w =, 3
Angle S-Na-A -.20% -, 28 =.30%x -, 28
Angle A-Na-B -.26%% -, 38%x -.39%% =.39%*
Angle Na-A-Pg -.13 -. 1 -.03 -.0l

* significant at 0,05 level
** significant at 0,01 level

TABLE III

CORRELATION OF GONJAL ANGLE AT AGE 4 WITH SEVERAL
CRANIQFACIAL MEASUREMENTS AT AGE 14 AND
INCREMENTS FROM AGE 4 TO 14 YEARS

AGE (YEARS)

MEASUREMENT Age 14 Age L4
$-Gn -.06 -.h
$-Gn // S-Na S L) e -, 27
$-Gn k S-Na -.16 -.0)
§-Na-A pt ~. 28 -0
A pt-Na-B pt ~,30%% -.05
Na-A pt-Pg ~.05 .07
Na-$-Gn Y5 KT
Gonial Angle .80 -.06
Or-Bolton Pt-Gn L3 .08

“w significant at 0,01 level

TABLE IV
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ASSOCIATION BETWEEN GONIAL ANGLE AT AGE 4 AND
SELLA-GNATHION PARALLEL TO SELLA-NASION PLANE
AT AGE T4 IN 104 FEMALES OF THE
BURLINGTON GROWTH CENTRE EXPERIMENTAL SAMPLE

GONIAL ANGLE (DEGREES)

231

SELLA TO Small Med ium Large
GNATHION (<129) (129-136) (>136)
(mm) n % n % n 9 TOTAL
Smal) 0 (0.0) 8 (Lk.k4) 10 (55.6) 18
(<34)
Med ium 17 (26.2) 36 (55.3) 12 (18.5) 65
(34-46)
Large 6 (28.5) 13 (61.9) 2 (9.5) 21
(> 46)
TOTAL 23 (22.1) 57 (54.8) 24 (23.1) 104

X = 15,91

d.f. = 4

p < 0.0]

TABLE V

varied considerably from —11.0 de-
grees to 3.5 degrees over the interval
from age 4 to 14 years.

A significant intracorrelation was
found for gonial angle size at all ages.
When the age difference was small, the
intracorrelation of gonial angle im-
proved as age increased; for example,
the correlation between age 9 and 14
was larger than the correlation between
4 and 9 years. Therefore, there is less
error in estimating gonial angle size
at a later age than at an earlier age
if the age interval between initial and
final measurements is the same.

The degree of correlation decreased
as the age interval increased. As is the
case in most craniofacial dimensions,
it is easier to project gonial angle size
over a short time-interval than a longer

one. However, unlike many cranio-
facial dimensions, the gonial angle size
can be estimated with a good degree of
accuracy over as much as a thirteen-
year interval,

The static analyses relating gonial
angle to other craniofacial dimensions
at ages 4, 8, 12, and 16 years demon-
strated that gonial angle was signifi-
cantly related to the same measure-
ments at all ages. The combined lower
anterior face size, as measured by the
sella to pogonion distance, was not
related to gonial angle. Mandibular
length was not at all related to gonial
angle size. The mandibular body length
was significantly related and in-
versely proportional to the gonial angle
size. That is, individuals with a small
gonial angle tended to have a larger
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ASSOCIATION BETWEEN GONIAL ANGLE AT AGE 4 AND THE CHANGE
IN SELLA-GNATHION PARALLEL TO SELLA-NASION PLANE FROM
AGE 4 TO t4 IN 104 FEMALES OF THE BURLINGTON GROWTH CENTRE
EXPERIMENTAL SAMPLE

GONIAL ANGLE (DEGREES)

SELLA TO Small Medium Large
GNATHION (< 129) (129-136) (>136)

{mm) n % n % n % TOTAL
Small 0 (0.0) 11 (57.9) 8 (42.1) 19
(<h)

Med ium 18 (27.3) 34 (51.5) 14 (21.2) 66

(4-13)

Large 5 (26.3) 12 (63.2) 2 (10.5) 19

(>13)

TOTAL 23 (22.1) 57 (54.8) 24 (23.1) 104
X% = 9.93
d.f, =
p < 0.05
TABLE VI

mandibular body length; the S-Na-A
angle and A-Na-B angle were also
larger in cases with a smaller gonial
angle. However, the angle Na-A-Pg
was not related to the gonial angle
size. A small gonial angle was therefore
associated with a larger mandibular
body length, a large S-Na-A angle and
a large S-Na-B angle.

Gonial angle at age 4 tended to be
of limited value in projecting other
mandibular relationships at age 14.
The degree to which an age 14 meas-
urement could be estimated was in-
directly a function of its correlation
to gonial angle at age 14. Measure-
ments at age 14 that were significantly
correlated to gonial angle at age 14

were also significantly correlated to
gonial angle at age 4. With respect to
the dynamics of growth, the accuracy
with which future craniofacial meas-
urements can be estimated depends
on the relationships of gonial angle to
these measurements at a specific age.
For example, the correlation between
the size of gonial angle and angle
sella-nasion-A point was -0.20 at age
4 and -0.28 at age 14 years. However,
the intracorrelation of gonial angle at
ages 4 and 14 was 0.80. The dynamics
of estimating the size of angle S-Na-A
at age 14 from gonial angle size at age
4 was really brought about indirectly
by the high intracorrelation of gonial
angle at the different ages. That is,
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since the sizes of the gonial angle and
S-Na-A were related at age 4 and
then at age 14, the gonial angle size
at age 4 and 14 was correlated, and the
gonial angle size at age 4 and S-Na-A
size at age 14 were correlated. Even
though these relationships were statis-
tically significant, they were of limited
practical and no clinical significance.

Gonial angle was not a useful esti-
mator of changes in size of gonial angle
or other measurements. The only in-
cremental dimension that was signifi-
cantly related to gonial angle at age
4 was the distance of sella-gnathion
parallel to the sella-nasion plane. How-
ever, this dimension was better esti-
mated as its actual size rather than the
interval change from age 4 to 14 years.

In the qualitative analysis of these
data, there were no cases with a small
gonial angle and a small sella-gnathion
parallel to sella-nasion plane distance.
In addition, only two of the twenty-one
children with a large sella-gnathion
distance parallel to sella-nasion plane
had a large gonial angle. Similar ten-
dencies were demonstrated for the in-
crements of sella-gnathion parallel to
sella-nasion plane from age 4 to 14
years relative to gonial angle at age 4.

This study demonstrates that gonial
angle is not a particularly good indi-
cator of craniofacial dimensions at a
later age, and is of little use as a
quantitative index of later dimensions.
However, the gonial angle size at an
early age is useful in qualitatively
classifying later dimensions. A small
gonial angle at an early age indicates
a more horizontal growth pattern as
noted by Ricketts* and a larger mandi-
bular body length. This type of clinical
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judgment can be made on the size of
gonial angle at an early age, while a
definitive growth prediction cannot.

SuMMARY AND CONGLUSIONS

This investigation relates the rela-
tionships of gonial angle to other meas-
urements at the same age and later
ages in 111 females of the Burlington
Growth Centre sample. Gonial angle
was measured at each age from 4 to
14 and 16 to 18 vyears. Six other
measurements were related to gonial
angle at ages 4, 8, 12 and 16 years.
Eight measurements at age 14 and
their increments from age 4 to 14 years
were compared with the gonial angle
at age 4.

The results of this investigation per-
mit the following conclusions:

1. Mandibular length is not related to
gonial angle size.

2. Mandibular body length is related
to the size of the gonial angle.

3. The size of gonial angle at one age
is significantly related to its later
size.

4. The initial gonial angle size does
not indicate the later gonial angle
changes.

124 Edward Street,
Toronto, Ontario.
M5G 1G6
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