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Most cephalometric analyses make exten-
sive use of angular measurements. This
usage is based on the assumption that an-
gular measurements for a particular indi-
vidual tend to remain relatively constant
with respect to time, ie, that they are af-
fected minimally by growth. The tenability
of this assumption is challenged in several
instances on the basis of the results of a
cross-sectional cephalometric study of cer-
tain angular variables.

Numerous points, lines, proportions, and
angles are used in cephalometric analyses,'
and in an increasing number of methods
used in the analysis of craniofacial mor-
phology and growth based on various com-
binations of these measurements. However,
most of the proposed methods emphasize
angular measurements, numerically and
conceptually. Examples are the Tweed tri-
angle2 and the method of Downs3 which is
based on the scores for nine angular mea-
surements and one linear measurement.
An explanation of the reasons behind this
emphasis on angular variables has been
provided by Hunter:4

The preponderance of angular values in
such batteries of tests or analyses is a
result of the fact that faces vary greatly
in size and of course enlarge during
growth, thereby making linear standards
cumbersome for clinical use where sim-
plicity is important. Furthermore, be-
cause growing faces change in proportion
as well as size, the effect of proportional
change can be minimized by careful se-
lection of the angles used. Thus, several
analyses utilize the angular relationship
of the incisors to the facial plane or
some variation of it. The population
variance of this relationship far exceeds
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the change effected during growth so
that, for practical purposes, a useful
value can be established.

Although simplicity is important, and
angular measurements generally are af-
fected less by growth than are linear or pro-
portional measurements, or both, it has
been our experience that many angular
variables show a strong dependence on
growth and maturation, and that these fac-
tors generally should be incorporated into
orthodontic diagnosis and treatment plan-
ning. Moreover, many growth curves for
angular measurements exhibit a degree of
sexual dimorphism which is of considerable
clinical significance. In this paper we used
cephalometric methods to investigate the
distributions of several angular measure-
ments in a large sample of "normal" indi-
viduals of several age groups and both
sexes. The purpose was to study the de-
pendence of these angular variables on age
and sexual dimorphism.

Materials and Methods
The cephalograms of children and young

adults with "normal" dental occlusion were
obtained as part of a study of normal
growth conducted at the Philadelphia Cen-
ter for Research in Child Growth between
1948 and 1968. The project director (W.
M. Krogman) "took in substance children
who were in 'good medical health' and who
had no more than the usual so-called mild
'childhood illnesses' . . . 'good dental
health' . . . a low DMF index . . . and all
four permanent molars in place." Those
selected for the study were thought to be
"reasonably representative of the white
children of Philadelphia" during the period
in question.
The cephalograms of this group of nor-

mal individuals were processed by one of
the authors (G.F.W.), who also devised
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TABLE 1
DESCRIPTIVE STATISTICS FOR THE DISTRIBUTION OF THE SNA ANGLE IN 474 NORMAL MALES AND

630 NORMAL FEMALES

Males Females

Age N Mean SD* Mint Max N Mean SD Min Max

6-8 21 79.70 2.18 75.07 83.68 36 80.43 4.04 75.67 88.16
8-10 73 80.82 2.96 74.86 88.18 104 80.20 3.88 71.86 87.99
10-12 114 82.36 3.35 73.40 92.30 153 81.45 4.12 71.32 91.92
12-14 124 82.20 3.16 74.38 89.69 159 81.54 3.84 70.89 90.38
14-16 85 83.14 3.31 75.92 91.60 106 82.53 3.90 73.16 90.74
16-18 35 83.20 2.47 78.67 87.86 58 83.46 3.79 76.07 89.85
18-26 22 83.07 3.27 77.51 88.96 14 81.44 3.44 77.49 89.39

* SD, standard deviation.
t Min, minimum; max, maximum.

the computerized method used in this study5
and supervised the transformation of the
radiographic information into digitized
form for ready access by statistical com-
puting programs. The data were processed
with a console-oriented statistical comput-
ing program called CONSTAT (developed
by the Statistical Research Laboratory,
University of Michigan).

Results
Table 1 gives the sample sizes (N),

means, standard deviations, and minimum
and maximum values of the sella-nasion-
point A (SNA) angle (measured in de-
grees) for both sexes and several age
groups. Although little sexual dimorphism
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was evident, except that the females ex-
hibited more variability in each age group,
there was a slight but definite tendency for
this angle to increase with age. The corre-
lation coefficient of the SNA angle and age
is 0.22 for males and 0.21 for females,
which is a tendency of the SNA angle to
increase with age for both sexes. However,
the correlation coefficient measures only
the intensity of the linear association be-
tween the variables,6 and growth curves are
seldom linear. This is illustrated in Figure
1, where the SNA mean values for each
age group and both sexes and the associated
(approximate) 95% confidence intervals
for the true mean values are plotted. This
clearly illustrates the tendency for the SNA
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FIG 1-Sex-specific growth curves and confidence intervals for SNA angle.
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FIG 2.-Sex-specific growth curves and confidence intervals for SNB angle.

angle to increase during the interval from
6 to 18 years of age, with stabilization
achieved during adulthood.
A similar pattern is shown in Figure 2,

where the corresponding graph for the
sella-nasion-point B (SNB) angle is pre-
sented. This similarity may be anticipated
on "topographical" grounds,7 ie, because
common reference points are used in the
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definitions of these angles; but the fact that
these indicators of upper (SNA) and lower
(SNB) facial prognathism are age-depen-
dent might profitably be incorporated into
orthodontic diagnosis and treatment plan-
ning; this possibility seems to have been
neglected in the literature.

Figures 3 to 5 show the angular variables
comprising the Tweed triangle that were
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3.-Sex-specific growth curves and confidence intervals for FH/MPFIG
angle.
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FIG 4.-Sex-specific growth curves
angle.

examined for changes during growth. The
Frankfort horizontal-mandibular plane (FH/
MP) angle decreased with age; the lower
incisor-mandibular plane (LI/MP) angle
remained relatively constant; the lower in-
cisor-Frankfort horizontal (LI/FH) angle
increased with age. The departures of the
sample mean values of these angles from
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and confidence intervals for LI/MP

the normative (or "ideal") values proposed
by Tweed were discussed previously.8'9
The purpose of the present discussion is
to indicate that the triangle tends to shift
with time. Although the LUMP angle re-
mained relatively constant, the FH/MP
angle decreased with age, and was balanced
(the sum of the three angles must be 1800)
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FIG 5.-Sex-specific growth curves and confidence intervals for LI/FH
angle.
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by a corresponding increase in the LI/FH
angle.
Our final example exhibited age depen-

dence, a significant degree of sexual dimor-
phism, and a clinically significant departure
from the currently used normative value.
The point A-nasion-point B (ANB) angle
has been recognized for some time as a
useful guide to the diagnosis and treatment
of malocclusion. It is an integral part of
the Steiner10"'1 analysis; it measures the
relationship between the maxilla and man-
dible, and its value may suggest an effective
treatment regimen. Therefore, it is of con-
siderable interest to determine normative
values for this variable in various popula-
tion groups. Steiner" chose a set of cranio-
facial norms, "which express our concept
of a normal average American child of av-
erage age"; the norm for the ANB angle
is set at 2°. He asked the reader to "please
bear in mind that these are rough estimates,
to be used as a starting point from which
to vary and must be modified by other
factors . . . age, sex, growth potential and
individual variations within these and other
groupings," but provided little insight into
how these modifications should be accom-
plished; nor did he indicate whether or not
normal individuals conformed to his ideal.

Table 2 gives the descriptive statistics for
the distribution of the ANB angle in the
1,104 individuals in our sample. A glance
at this table is enough to show that, in the
population studied, the "typical" value of
the ANB angle is quite different from 20.
The overall mean is more nearly 4.50. The
474 males had a mean of 4.650, and the
630 females had a mean of 4.340. This
does not mean that an angle of 20 is not in
some sense "better," but indicates that
normal individuals do not, on the average,

attain this ideal. The mean value seems to
be a good summary statistic in this context
because a check of the distributions of this
angle in the various groups considered
showed no significant departures from nor-
mal (Gaussian) distributions. Figure 6 is a
histogram of a typical distribution.
The next questions involved the depen-

dence of the ANB angle on age, and sexual
dimorphoism. Analysis of the data'2 showed
a definite tendency for the ANB angle to
decrease with age in males, but not in fe-
males. Thus, there seems to be a consider-
able amount of sexual dimorphism associ-
ated with the ANB angle in the population
studied. The males had slightly larger ANB
angles until about 15 years of age, when a

reversal occurred; the males then tended to
have smaller ANB angles than the females.
Although the ANB angle for females re-
mained relatively constant from 6 to 26
years of age, there was a definite tendency
for males to exhibit a decreasing ANB angle
with increasing age.
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FIG 6.-Histogram of ANB angle for males

12 to 14 years of age.

TABLE 2
DESCRIPTIVE STATISTICS FOR THE DISTRIBUTION OF THE ANB ANGLE IN 474 NORMAL MALES AND

630 NORMAL FEMALES

Males Females

Age N Mean SD* Mint Max N Mean SD Min Max

6-8 21 4.70 2.12 1.27 8.67 36 4.47 2.27 0.38 8.48
8-10 73 4.78 2.07 0.23 9.74 104 4.18 2.18 0.10 10.49

10-12 114 5.08 2.07 0.31 10.40 153 4.78 2.26 0.33 10.64
12-14 124 4.84 1.96 0.50 9.77 159 4.08 2.32 0.06 9.66
14-16 85 4.30 2.07 0.07 9.60 106 4.20 2.04 0.66 10.88
16-18 35 3.87 1.44 0.34 5.90 58 4.42 1.74 0.25 8.66
18-26 22 3.44 1.92 0.14 6.67 14 4.24 2.25 0.64 8.53

* SD, standard deviation.
t Min, minimum; max, maximum.
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FIG 7.-Sex-specific growth curves for two measures of mandibular length.

This finding naturally raises the question
of the structural dynamics of this difference
in growth pattern. After we studied the
growth curves of other variables generated
from our model of the skull, we were able
to explain the observed differences in terms
of mandibular growth. In males, the man-
dible continued to grow steadily after pu-
berty, but this tendency was not exhibited
in females. Until about 12 years of age,
mandibular morphology and growth in the
two sexes were remarkably parallel, but
lower facial growth continued in males well
into the late teens. Figure 7 shows the sex-

specific growth curves for two different defi-
nitions of mandibular length. This prolonged
growth of the mandible (relative to the max-

illary structures) causes the closure of the
ANB angle to occur after puberty and has
direct relevance to decisions about ortho-
dontic diagnosis and treatment planning.

Discussion
We investigated the behavior of six angu-

lar variables that are used widely in ortho-
dontic cephalometric analyses, with special
attention to their dependence on maturation
and sexual dimorphism. No attempt was

made to provide the "best method" of ortho-
dontic diagnosis and treatment planning be-
cause, as noted by Scott,13 "it does not mat-
ter very much which method or combination

of methods are used. What is important is
a full understanding of what is being mea-
sured, the relative stability of the points
used, and the 'normal' range of the mea-
surements at various ages." We attempted
to illustrate, despite the apparently wide-
spread belief to the contrary, that growth
and sexual morphism may be important fac-
tors in the interpretation of the scores on
angular variables included in any method of
analysis. This is not to say that angular mea-
surements should not be used (they often
provide information about shape that can-
not be quantified in any other way) but,
rather, that their use is not necessarily a
simple matter, and that considerable care
should be exercised in interpretation.

Conclusions

Angular measurements often are used in
cephalometric analyses on the basis of the
assumption that they are, for most practical
purposes, independent of age and sexual di-
morphism. The results of a cross-sectional
cephalometric study of more than 1,100
"normal" children indicated that these as-
sumptions are untenable. The accuracy of
cephalometric analyses for diagnosis, case
assessment, and treatment planning may be
increased significantly if the orthodontist
takes into account sexual dimorphism and
the existing regression of these measure-
ments with age.

Al MANDIBULAR LENGTH
5... [ARTICULARE - GNATH ION]

400. ..................... *''

Al _ tMANDIBULAR LENGTH
[GONION-GNATHION]

14n.e

1020 WALKER AND KOWALSKI



ANGULAR MEASUREMENTS 1021

References
1. KROGMAN, W.M., and SASSOUNI, V.: A

Syllabus in Roentgenographic Cephalom-
etry, Philadelphia: Philadelphia Center for
Research in Child Growth, 1957.

2. TWEED, C.H.: The Frankfort-Mandibular
Incisor Angle in Orthodontic Diagnosis,
Treatment Planning and Diagnosis, Angle
Orthod 24:121-169, 1954.

3. DOWNS, W.B.: Variations in Facial Rela-
tionships: Their Significance in Treatment
and Prognosis, Am J Orthod 34:812-840,
1948.

4. HUNTER, W.S.: Elementary Principles of
Cephalometrics, in ENLOW, D.H.: The Hu-
man Face, New York: Harper and Row,
1968, p 268.

5. WALKER, G.F.: Summary of a Research
Report on the Analysis of Craniofacial
Growth, New Zealand Dent J 63:31-38,
1967.

6. CHILTON, N.W.: Design and Analysis in

Dental and Oral Research, Philadelphia:
J.B. Lippincott Co., 1967, p 157.

7. SOLOw, B.: The Pattern of Craniofacial
Associations, Acta Odont Scand 24: supply
46, 1966.

8. KOWALSKI, C.J., and WALKER, G.F.: Dis-
tribution of the Mandibular Incisor/Man-
dibular Plane Angle in "Normal" Individ-
uals, J Dent Res 50:984, 1971.

9. KOWALSKI, C.J., and WALKER, G.F.: The
Tweed Triangle in a Large Sample of Nor-
mal Individuals, J Dent Res 50:1690, 1971.

10. STEINER, C.C.: Cephalometrics for You
and Me, Am J Orthod 39:729-755, 1953.

11. STEINER, C.C.: Cephalometrics in Clinical
Practice, Angle Orthod 29:8-29, 1959.

12. WALKER, G.F., and KOWALSKI, C.J.: The
Distribution of the ANB Angle in a Large
Sample of "Normal" Individuals, Angle
Orthod 41:332-338, 1971.

13. ScoTT, J.H.: Dento-facial Development
and Growth, New York: Pergamon Press,
1967, p 175.

Vol 51 No. 4




