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INTRODUCTION AND REVIEW

The cranial base area of the cranio-
facial complex has long been of interest
to orthodontists. However, as Krogman
and Sassouni! point out, this interest
has arisen largely from attempts to find
a relatively stable area of the cranio-
facial region for use in the many radio-
graphic cephalometric analyses which
have been published. Bjérk*** in a
series of papers drew attention to the
parts played by the size and shape of
the cranial base in determining maxil-
lary and mandibular prognathism and
discussed the influence upon the occlu-
sion of alterations in cranial base di-
mensions. Renfroe® recorded a larger
mean cranial base angle in his Class II,
Division 1 than in his Class I sample
but did not refer to this finding in his
text. Moss® reported a smaller cranial
base angle in association with Class ITI
malocclusion and in a further paper
(Moss™) suggested that a smaller cran-
ial base angle was also associated with
cleft palate. Coben® examined the ef-
fects upon the occlusion of variations
in the cranial base and Ricketts® and
Hopkin'® made observations on the
effect of growth in the posterior area
of the cranial base upon mandibular
position. The consensus of these papers
is that the cranial base area has con-
siderable influence both upon total fa-
cial prognathism and in establishing

*From the Orthodontic Department,
University of Edinburgh School of Den-
tistry.

the anteroposterior relationship of up-
per jaw to lower jaw.

Hopkin,'* James'? and Houston®
in a series of related studies have ex-
amined the craniofacial pattern in
Class III, Class II, Division 1 and
Class II, Division 2 malocclusions, re-
spectively. Their findings are that the
linear and angular dimensions of the
cranial base tend to be smaller in Class
III malocclusions and to be larger in
Class II malocclusions when compared
with a common control group of child-
ren with either normal occlusion or
Class I malocclusion, Although indi-
vidual variations were noted in the di-
mensions of the maxilla and of the
mandible, nevertheless, in all three re-
ports the variations of the cranial base
stood out as the most consistent factors
associated with anteroposterior mal-
relationships of the dental arches. The
three investigations were planned with
a view to their eventual integration and
this present report is a collation and
further analysis of the data for the
cranial base dimensions.

MATERIAL AND METHODS

The control samples and the samples
of the three malocclusions were selected
from patients attending the Orthodon-
tic Department of the University of
Edinburgh School of Dentistry. The
subjects were in the mixed dentition
stage of occlusal development which
was defined as having the first perma-
nent molars in occlusion but not the
second permanent molars. The criteria
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TABLE 1

MEAN DIFFERENCES AND STANDARD ERRORS OF MEAN DIFFERENCES
OBTAINED EY THREE INVESTIGATORS FOR INDEPENDENT
DETERMINATIONS OF THE CRANIAL BASE DIMENSIONS OF

THE SAME 30 RADIOGRAPHS.

A-B B-C C-A
N-8 (.36 (0.19) —0.03 (0.16) +4-0.39  (0.20)
S-Ar —(3.09 (0.16) +0.51  (0.20) —0.42 {0.19)
Ar-N —0.16 {0.18) —0.17  (0.20) 4083 (0.18)
N-8-Ar +0.02 (0.30) —0.52  (0.85) 4-0.50 (0.32)
NOTE ;— A = G.BH, B = WH. C = GAJ.
TABLE 2
AGE DISTRIBUTION OF SUBJECTS IN I‘MAIN SAMPLES
MALES (N = 46)

Age Class I (Control) II, Div. 1 11, Div. 2 111

6 1 — — f—

7 9 2 1 2

8 4 7 1 7

9 6 10 5 8

10 3 10 11 20

11 16 10 10 5

12 3 3 10 2

13 2 2 6 1

14 2 2 2 1
Mean Age 10.80 10.50 11.50 10.24

FEMALES (N = 50)

Age Class I (Control) 11, Div. 1 11, Div. 2 I

[ — — J— —_—

T e 2 2 2

8 10 3 3 4

9 . 8 13 6 17

10 14 12 15 13

11 11 12 g 10

12 6 8 11 2

13 1 — 4 2

14 — — — J—
Mean Age 10.48 10.56 11.00 10.28

used for occlusal classification and the
radiographic and tracing techniques
employed in the three studies have been
described in detail elsewhere,?2.13
The problem of variation between the
three investigators was reduced to a
minimum by careful standardization
and comparison of techniques. A sta-

tistical analysis has been made of the
individual variations in tracing the
same series of radiographs; the results
are shown in Table 1.

It can be seen that the maximum
mean differences do not exceed 0.5 mm
for the linear measurements or 0.5° for
the angular measurements and it can
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safely be said that the mean differences
are not large enough to affect the val-
idity of the conclusions drawn from a
comparison of the findings of the three
investigations.

The original samples consisted of the
following: control group, normal or
Class 1, 54 girls and 47 boys; Class 11,
Division 1, 50 girls and 50 boys; Class
11, Division 2, 50 girls and 50 boys;
and Class 111, 67 girls and 61 boys.

The age range of the samples was
made as comparable as possible by eli-
minating some of the cases in the var-
ious samples. This resulted in equal
samples of forty-six boys and fifty girls
for all of the groups (Table 2). De-
spite this adjustment, differences in
mean ages were still present and a sub-
sample was selected from each main
sample with a more limited age range
and matched for age (Table 3). The
subsamples were rather small in num-
ber but they were of value in determin-
ing whether differences between the
main samples were due merely to age.
The cranial base dimensions measured
were: anterior cranial base length, na-
sion-sella (N - S); posterior length,
sella-articulare (S - Ar) ; overall length,
articulare-nasion (Ar - N); and the
cranial base angle, nasion-sella-articu-
lare (£ZNSAr).

Differences between sample means
were tested using an analysis of vari-
ance.** Only if F was significant were
differences between pairs of samples
tested using Student’s ¢ test. The data
were processed on an 1.B.M. 7090 com-
puter.

Resurrs

When the samples are arranged in
the order Class 111, Class I, Class 11,
Division 2 and Class I, Division 1, a
definite trend emerges, the values of
the Class III being least and of the
Class I1, greatest. The presence of sig-
nificant  differences among sample
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TABLE 3

AGE DISTRIBUTION IN MATCHED
SUBSAMPLES FROM EACH
MAIN SAMPLE

Males (N = 20) Females (N = 29)

Age
9 5 6
10 3 12
11 10 9
12 2 2
Mean Age 10.95 10.74

means is demonstrated by F which is
significant at the one per cent level for
all the cranial base values investigated
(Table 4).

Overall cranial base length (N - Ar)
differs significantly for all comparisons
except those between the Class II, Di-
vision 1 and Class I, Division 2 groups.
These are not age differences as a simi-
lar pattern is demonstrated by the sub-
sample matched for age as described
above (Table 4).

Anterior cranial base length (N - §),
posterior cranial base length (S - Ar)
and cranial base angle (4N -S-Ar)
are all to some extent responsible for
the differences in overall cranial base
length (Table 4).

The values of the various measure-
ments do not always differ significantly
when adjacent samples are compared,
eg., Class IIT with Class I (tA) or
Class I with Class II, Division 2 (tB)
or Class II, Division 2 with Class II,
Division | {(tC). When, however, Class
111 is compared with Class I1, Division
2 (tD) or Class II, Division 1 (tF) or
when Class I is compared with Class
II, Division 1 (tE), all the differences
are significant with the exception of
posterior cranial base length in Class
I and Class 11, Division 1 (tE},

In discussions on the aetiology of
Angle’s Class II and Class III maloc-
clusions attention has not unnaturally
tended to concentrate on the form and
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LINEAR VALUES (M.M.) AND ANGULAR VALUES (DEGREES)

TABLE 4

CRANIAL BASE VALUES FOR MAIN SAMPLES — 46 MALES, 50 FEMALES IN EACH GROUP

(M)
(F)
(M)
(F)
(M)
(F)
(M)
(F)

Class III

Mean (SD=+)

70.47
67.77
33.17
31.15
92.44
88.24
122.43
122.20

(2.89)
(2.82)
(3.36)
(2.07)
(4.59)
(3.86)
(5.06)
(4.73)

Class I

Mean (SD=+)

71.48
69.19
34.21
33.20
95.32
91.81
124.34
124.18

(3.05)
(2.87)
(4.04)
(3.19)
(5.00)
(4.31)
(4.76)
(5.18)

OVERALL CRANIAL BASE LENGTH

(M)
(F)

*%

92.73
87.65

Significant at 1 per cent level.
Significant at 5 per cent level.
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(4.23)
(4.52)

96.42
91.26

(5.20)
(4.15)

Class 11
Div., 2
Mean (SD=)

73.83
71.31
35.99
34.54
98.94
95.61
125.06
125.45

(3.44)
(3.29)
(3.51)
(3.25)
(4.88)
(4.42)
(4.99)
(4.80)

Class 1I
Div. 1
Mean (SD=+)

73.34
71.48
35.25
33.85
98.59
96.46
126.77
128.89

(2.45)
(3.01)
(2.87)
(3.12)
(4.11)
(4.59)
(4.89)
(4.49)

F
%
* %
>
* %
**
*k
*%

* %

tA

tB
**

* %

*%

* %

tC

tD
ok
T3
*%
**
¥

*%

* %

tE
%

*%k

* %

* k%

*%

FOR SUBSAMPLES — 20 MALES, 29 FEMALES IN EACH GROUP

98.40
94.97

(4.98)
(4.46)

99.10
96.64

(4.59)
(4.81)

Comparisons: — tA

tB
tC

tD
tE
tF

*%

*%

o

o

*

k¥

*%

x%

*%

Class III and Class I
Class I and Class II, Div. 2
Class II, Div. 2 and Class II,

k%

Div. 1

*%

*%

*%

* %k

*%k

*%k

*%

*&

*x

*%

Class III and Class II, Div. 2
Class I and Class II, Div. 1
Class III and Class II, Div. 1
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dimensions of the jaws. Furthermore,
with few exceptions, most investigations
have been concerned with only one or
at most two of Angle’s classes of mal-
occlusion and a control sample. In the
present investigation comparisons have
been made between all classes of mal-
occlusion.

When the results are tabulated
(Table 4) the common feature of all
dimenstions noted is the progression from
the Class ITI group through the control
sample (normal occlusion and Class I)
to the Class II groups. The mean lin-
ear dimensions of the cranial base and
the cranial base angle itself all show the
smallest values in the Class III group
and the largest values in the Class II
groups.

It is clear, therefore, that the cranial
base has an important role in deter-
mining anteroposterior jaw relation-
ships and occlusion of the teeth.

It is considered that, in the assess-
ment of orthodontic problems involving
anteroposterior malrelationships of the
jaws and arches, recognition must be
given to the determining role of the
cranial base. The inclusion of the cra-
nial base in the diagnostic assessment
brings in as a major factor an area of
the craniofacial complex not normal-
ly taken into account in diagnosis. Nor
is it regarded as susceptible to con-
ventional orthodontic therapy although
the recent work of Wieslander's sug-
gests the possibility of inducing changes
in this area by sustained extraoral trac-
tion on the maxilla.

SuUMMARY

A radiographic cephalometric analy-
sis of the cranial base dimensions of
Class II, Division 1, Class I, Division
2, Class III and Class I (control
sample) has been made.

The results show that there is a pro-
gressive and significant increase for all

Hopkin et al

July, 1968

the cranial base dimensions from the
Class IIT group through the Class I
(control) group to the Class. IT groups.

It is concluded that the dimensions
of the cranial base are a major factor
in determining anteroposterior rela-
tionships of the jaws and the dental
arches which must be taken into ac-
count in diagnosis and treatment.

31 Chambers Street
Edinburgh, Scotland
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