The variability of some
craniofacial dimensions
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ariations in craniofacial form are deter-

\ } mined by two factors: genetics and en-
vironment. According to Scott! the parts

of the skull which show the greatest amount of
genetic variability are those which are most
closely related developmentally to the chondro-
cranial and chondro-facial skeleton, namely the
midline cranial base, the petrous temporal region
developing in the cartilage of the otic capsule,
the upper part of the nasal cavity, the orbital
cavities and the lower border of the mandible.
The regions in which environmental factors play
apredominant role in form and size determina-
tion are the alveolar processes, the facial butress
system and the parts to which muscles are at-
tached. Those regions which take longer toreach
adult proportions, such as the mandible, are
more prone to environmental influences. With-
in the range of normality, the most variable
areas of the cranio-facial skeleton are likely to
exert a significant influence on jaw relationship
and thus malocclusion type. Variability is, to

some extent, a function of size, with larger vari-
ables exhibiting larger standard deviations than
smaller variables. Nevertheless, with regard to
the etiology of malocclusion in general and the
relationship of the maxilla and mandible to one
another in particular, the real variation of given
dimensions will be of greater clinical importance
than the percentage variation or coefficient of
variation. At the same time, facial type within
each malocclusion group may vary considerably
but be of little relevance in determining jaw
relationship. Cleall et al.,2 by means of principal
component analysis, showed vertical facial char-
acteristics to be the most variable, although the
significance of this in relation to the Angle classes
was not studied. Arya et al.,3 on the other hand,
found mandibular dimensions to have a greater
component of genetic variability than a number
of other cranio-facial dimensions. From the stand-
point of prediction of facial type, Kerr and Hirst4
demonstrated, by means of stepwise discrimi-
nant analysis, the cranial base angle at 5 years

Original Article

Abstract

alveolar and soft tissue in origin.
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The variability of eight linear and five angular dimensions measured on 124 lateral skull radiographs of 10-year-old boys was
assessed by means of Bartlett’s test for homogeneity of variances and Pitman'’s test for the comparison of correlated standard
deviations. The linear dimensions which demonstrated the greatest variability within the four constituent Angle classes (N =31)
were mandibular body length, total cranial base length, total mandibular length and lower face height. The dimensions which
demonstrated the least intra-group but greatest inter-group variability were maxillary length and Angle SNB. The Class Il divi-
sion 2 group exhibited the greatest variation in skeletal morphology; it is therefore postulated that its etiology is mainly dento-
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Table 1 Table 2
A ' 2
Nurr!bers and mean age of boys Error of the Method S, = 2 ‘
in each occlusal group. 2(n-1)
S.D. S S;
Group N Age (years) Variable N (mm) Variable N (degrees)
| 31 1037 £+ 055 S-N 20 0.60 Ba-S-N 20 0.10
I 31 1039 & 0.67 Ba-N 20 0.35 S-Ar-Go 20 0.92
12 31 10.71 £ 0.86 Ba-S 20 0.21 Ar-Go-Me 20 0.24
1l 31 10.15 + 067 A-PMV 20 0.61 SNA 20 0.11
ANS-Me 20 0.51 SNB 20 0.29
Co-Go 20 0.45
Go-Pcg 20 0.10
Co-Pog 20 0.10
Table 3
Means and standard deviations of linear variables (mm) by group.
Variable Group
I I 12 i
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
S-N 710 24 720 28 716 34 696 31
Ba-S 46.7 29 475 3.8 471 3.2 462 3.7
Ba-N 1059 3.2 108.8 4.2 106.7 5.3 1023 47
Co-Go 525 34 523 3.2 516 32 51.3 4.0
Go-Pog 723 33 685 34 694 50 711 34
Co-Pog 1099 32 1065 43 1066 55 108.9 46
A-PMV 487 20 500 238 481 31 454 23
ANS-Me 655 45 65.7 39 628 55 622 47
to be a reliable discriminator between Class I  Materials and methods
and Class Il relationships at 15 years in 73% of The material used in the present study was
subjects. Nevertheless, maxillary length, facial ~previously used in a study by Kerr and Adams.s
height and mandibular length became moreim- It consisted of lateral skull radiographs of 124
portant with increasing age. male caucasians with a mean age of approxi-
The present study is an attempt to investi- mately 10 years (Table 1) drawn from the files
gate the variability of some cranio-facialdimen-  of the Glasgow Dental Hospital and School,
sions commonly held to be of importance in  Scotland. None of the subjects had received
determining jaw relationships. orthodontic treatment; they were selected on
the basis of incisor occlusion and divided into
206 The Angle Orthodontist 1991 Vol. €1 No. 3




Craniofacial dimensions

For test statistic 7.81 *P <0.05.

four Angle classes according to the following
definitions:

Class I (I) = overjet and overbite 2-4 mm and
incisal inclination within the normal range.
Class II division 1 (II/1) = overjet > 10 mm.
Class II division 2 (II/2) = central incisors to
maxillary plane < 100° with a near normal
overjet.

Class III (IIT) = both central incisors in lingual
occlusion.

The strict criteria for selection thus minimized
the possibility of disagreement about the occlu-
sal classification.

Thirteen points were plotted on each radio-
graph on two occasions. The points were chosen
to allow measurement of the shape and size of
the principal areas of the cranio-facial skeleton
thought to be contributory to the etiology of
malocclusion of skeletal origin and their rela-
tionship to one another; namely the cranial base,
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Table 4
Means and standard deviations of angular variables (degrees) by group.
Variable Group
I in 2 n

Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Ba-S-N 1271 5.0 130.3 44 1269 59 1232 45
S-Ar-Go 1400 64 1376 5.1 1395 6.6 1413 54
Ar-Go-Me 1312 57 1313 48 1299 59 1323 5.0
SNA 808 29 80.5 3.9 799 36 799 34
SNB 781 26 739 36 759 3.1 819 36

Figure 1
Table 5 Points digitized on each
Bartlett’s test for homogeneity radiograph — see text
of variances. for details.

Variable Test statistics
S-N 3.67
Ba-S 2.82
Ba-N 7.79
Co-Go 1.86
Go-Pog 8.09*
Co-Pog 8.14*
A-PMV 6.23
ANS-Me 3.65
Ba-S-N 3.63
S-Ar-Go 2.87
Ar-Go-Me 1.89
SNA 2.79
SNB 3.83
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Table 6
Pitman'’s Test for comparison of correlated standard deviations for linear variables.
— indicates no significant difference at 1% level.

Var: A-PMV S-N Ba-S Co-Pog Ba-N Go-Pog Co-Go ANS-Me
S.D.: 20 24 29 32 3.2 33 34 45

n

Var: S-N A-PMV  Cc-Pog Go-Pog Ba-S ANS-Me Ba-N Co-Pog
S.D.: 28 28 3.2 3.2 38 3.9 42 43

12

Var: A-PMV  Ba-S Co-Go S-N Go-Pog Ba-N Co-Pog ANS-Me
SD.: 3.1 3.2 3.2 34 5.0 53 5.5 55

Var: A-PMV  S-N Go-Pog Ba-S Co-Go ANS-Me Ba-N Co-Pog
SD.: 23 341 34 37 40 47 47 46
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the maxilla and the mandible. The points are
shown in Figure 1 as follows:

1=Nasion; 2 = Ethmoid registration point; 3=
Sella; 4 = Basion; 5 = Condylion; ¢ = Articulare;
7 = Gonion; 8 = Menton; 9 = Pogonion; 10 =
Point B; 11 = Point A; 12 = Anterior Nasal
Spine; 13 = Pterygomaxillary fissure inferior.

Pterygomaxillary Vertical (PMV) is
formed by a line from points 2 to 13.

Eight linear and five angular variables were
derived from the means of the two times of
measurement:

Linear: anterior cranial base (5-N), posterior
cranial base (Ba-S), total cranial base (Ba-N),
mandibular ramus height (Co-Go), mandibular
body length (Go-Pog), total mandibular length
(Co-Pog), maxillary length (A-PMV) and lower
face height (ANS-Me).

Angular: cranial base angle (Ba-S-N), joint angle
(S-Ar-Go), gonial argle (Ar-Go-Me), maxillary
prognathism (SNA) and mandibular prognath-
ism (SNB).

1991 Vol. 51 No. 3

Statistical methods

The double determinations of 20 randomly
chosen radiographs were used to calculate the
error of the method according to Dahlberg
(Table 2). The means and standard deviations
for each variable are given for each of the occlu-
sal groups in Table 3 (linear variables) and Table
4 (angular variables).

In the first approach the standard deviations
are compared between occlusal groups for each
variable in turn. The null hypothesis of no dif-
ference between the standard deviations for the
four groups was tested using Bartlett’s Test
(Snedecor and Cochrans). This test is based on
the assumption that the data arise from normal
distributions. Investigation of this assumption
using histograms and normal probability plots
raised no substantial concerns.

In the second approach the standard devia-
tions were compared among variables within
each occlusal group. This is a more difficult
problem since the fact that different measure-



ments on each individual are statistically depend-
ent has to be taken into account. In addition, no
simple global test exists. A test due to Pitman,
however (Snedecor and Cochrans), permits the
comparison of correlated standard deviations
taken two at a time. The approach taken here is
to carry out all possible pairwise comparisons of
the standard deviations for the linear angular
variables. To partially adjust for the multiple
testing involved, significance was assessed at
the 1% level. A useful method for displaying
this rather complex analysis is illustrated in
Tables 6 and 7. The variables are arranged in a
row (usually) in increasing order of standard
deviation. Groups of variables whose standard
deviations cannot be judged, on the basis of
Pitman'’s test, to be different, are connected by a
straight line. These displays give an impression
of the extent to which variables can be ordered
or clustered in terms of the magnitude of their
standard deviations.

Results

Bartlett’s Test (Table 5), shows that the stand-
ard deviations vary significantly (P < 0.05) be-
tween the occlusal groups for mandibular body
length (Go-Pog) and total mandibular length
(Co-Pog). Total cranial base (Ba-N) just fails to
achieve statistical significance.

Pitman’s test for the comparison of standard
deviations for correlated variables showed the
number of significant differences between stand-
ard deviations (when all pairwise comparisons
within linear and angular measurements were
considered) for each occlusal group to be as
follows:

Class 1 = 14
Class Il division1 = 5
Class Il division2 = 22
Class III = 13

The pattern of significant differences is displayed
in Tables 6 and 7. The level of variability in the
data precludes the identification of clear clust-
ers in the variables. However, some general
patterns do emerge. For the linear variables, A-
PMYV, Ba-S and S-N tend to exhibit the lowest
variability and Co-Pog, ANS-Me and Ba-N the
highest variability. For the angular variables,
SNA and SNB uniformly exhibit the lowest
variability, while S-Ar-Go, Ar-Go-Me and Ba-
S-N exhibit the highest.

Discussion

In this study of pre-pubescent boys, total
mandibular length, mandibular body length and
to a lesser extent, total cranial base, have shown
the greatest difference in variation between oc-
clusal groups. Reference to the standard devia-

Craniofacial dimensions

Table 7

Pitman’s Test for comparison of correlated standard deviations
for angular variables.
—— indicates no significant difference at 1% level.

Var: SNB SNA Ba-S-N Ar-Go-Me S-Ar-Go
S.D.: 2.6 29 5.0 6.4

in
Var: SNB SNA Ba-S-N Ar-Go-Me S-Ar-Go
S.D.: 3.6 3.9 4.4 5.1

)2
Var: SNB SNA Ba-S-N Ar-Go-Me S-Ar-Go
S.D.: 3.1 3.6 5.9 6.6

1
Var: SNA SNB Ba-S-N Ar-Go-Me S-Ar-Go
S.D.: 34 36 45 54

tions for these dimensions within each group
shows a trend towards greater variability in the
Class 1l division 2 and Class Il groups and less
variability in the Class [ and Class II division 1
groups. Previous analysis of the same materials
has shown the mean mandibular dimensions in
the two Class Il groups not to differ significant-
ly from one another, while they differed sig-
nificantly from the Class I and Class III groups.
It is possible, therefore, that differences in crani-
al base length discriminate between the divi-
sions of Class II and the two other groups by
influencing mandibular position and therefore,
prognathism.

From the number of significantly different
correlated variances elicited by Pitman’s Test,
the Class Il division 1 group appeared to be the
most homogeneous while the Class II division 2
group appeared to be the most heterogeneous.
Although Pitman’s test did not generally elicit
any distinct grouping of variables, the Class II
division 2 group was the only one which dem-
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onstrated two clusters of variables exhibiting
high and low variability for both the linear and
angular dimensions. The linear variables con-
cerned — mandibular body length, total cranial
base, total mandibular length and lower face
height — were more variable in this group than
in any other and are therefore unlikely to have
had any great influence on the occlusal relation-
ship. This finding adds weight to the concept
that Class Il division 2 malocclusion is skeletally,
the least well defined of the Angle classes; it is
probable, therefore, that its etiology is less skele-
tal and more dento-alveolar and soft tissue in
origin than the other three classes.

The dimensions showing the lowest variabil-
ity within each group while also demonstrating
a significant discrepancy in mean values between
the groups, and which by inference character-
ized each group, were maxillary length and man-
dibular prognathism. While maxillary length
may be important in determining a subject’s
occlusal class, the relative constancy of maxil-
lary prognathism between groups confirmed
that the size of the maxilla does not appear to
influence its prognathism. Mandibular prognath-
ism, as has previously been demonstrated,s is
dependent upon both mandibular size and posi-
tion and its emergence as a discriminator in the
context demonstrates the complex nature of

the interdependence of constituent craniofacial
components.

The findings of this study support the con-
tention of Arya et al.? regarding the high vari-
ability of mandibular dimensions in a similar age
group to that studied here. Had an older age
group been studied it might have been possible
to comment on the findings of Cleall et al.2 con-
cerning vertical facial dimensions. It can be
hypothesized, however, that as total mandibu-
lar length, mandibular body length and lower
face height were among the more variable di-
mensions, and as they are acknowledged to
increase in size until towards the end of the
second decade, they may be more susceptible to
environmental influences and thus orthodontic
treatment.
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