Factors of Human Skeletal
Craniofacial Morphology
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The introduction of standardized
cephalometric radiography by Broad-
bent’ made possible the study of the
craniofacial skeleton in the living sub-
ject. Subsequent cephalometric studies
have provided valuable standards and
diagnostic criteria for the orthodontist
but have provided little insight into the
basic dimensions or determining fac-
tors of craniofacial skeletal morphology.

Analysis of measurements from a
classical cephalometric study employing
univariate techniques tends to frag-
ment individual subject information
into bulky and unwieldy data. Further-
more, there is considerable overlap of
underlying common dimensions among
standard cephalometric measurements.
By removing this overlap from many
cephalometric measurements it is pos-
sible to isolate or reconstitute consid-
erably fewer basic dimensions or factors
of craniofacial size. These factors can
be isolated through a multivariate tech-
nique, factor analysis, which makes it
possible to group certain measurements
reflecting a common dimension or fac-
tor.? In essence, a factor analysis pro-
vides the simplest description of the
observed data.

Factor analyses of head measure-
ments derived from skeletal material
have been performed in earlier stud-
les*** but the first such analysis of
measurements derived from cephalo-
metric X-rays was performed by Brown
et al.® Eleven cephalometric measure-
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ments were analyzed from two sample
populations, Swedish adult males and a
pooled sample of Australian abori-
gines. In both samples five factors were
extracted and interpreted as: mandib-
ular length, anterior nasal height, pos-
terior nasal height, a factor for man-
dibular ramus height (Swedish sample
only), and a cranial base factor which
affects maxillary length. No measure-
ments of craniofacial width were in-
cluded in the study and consequently
this represented only a two-dimensional
study.

Solow? included bilateral measure-
ments in a factor analysis of 17 trunk
and limb measurements and 61 cepha-
lometric measurements but systematical-
ly dropped overlapping measurements
from subsequent analyses. In casting
out variables after exploratory analy-
ses, however, a great deal of informa-
tion concerning cach factor was lost
and in some cases entire factors were
lost. In both of these previous studies
no criterion measurement of the ante-
roposterior relationship of mandible to
maxilla was included.

The purpose of the present study is
to factor analyse a large number of
radiographic measurements represent-
ing craniofacial depth, height, and
width and degree of mandibular prog-
nathism or retrognathism in an effort
to locate specific areas of variability
within the skeletal craniofacial com-
plex.

The subjects used in the investiga-
tion were a part of the male sample of
the Burlington Orthodontic Research
Centre. They represent a Canadian,
middle-class population of European
extraction. Serial anthropometric and
orthodontic data were available for
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Fig. 1 A tracing of a lateral cephalo-
metric radiograph to indicate the axes
and landmarks used in the derivation of
the anteroposterior and vertical meas-
urements.
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Fig. 2 A tracing of an anteroposterior
radiograph to indicate the landmarks
used in the derivation of the measure-
ments of width.
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each of the subjects from the age of 3
to 14 years and 16 to 18 years. Sixty-
six male children were chosen for the
present study on the basis of availabil-
ity of complete serial records plus sup-
plementary records of both parents
from a total of 300 male children in
the Burlington sample. This paper will
consider only the age-range midpoint,
8 years, as a preliminary to an ultimate
serial and genetic study.

MEeTHOD

Cephalometric Measurements

Tracings were made of each of the
66 sets of lateral and anteroposterior
radiographs. The reference points and
lines chosen for this study are illus-
trated in Figures 1 and 2. Twenty-
eight linear measurements and one an-
gular measurement were selected to
represent craniofacial depth, height and
width (Table I). In addition, the an-
teroposterior relationships of maxilla
and mandible were assessed by meas-
uring the distance between the projec-
tions of points A and B on the sella-
nasion plane. Duplicate measurements
were made on every second set of ra-
diographs to determine the intraob-
Server error.

Statistical Procedure

The computer program used for the
subsequent analyses was from the li-
brary of the University of California
(BMDX 72) and supported by the
360-65 IBM computer facility at the
University of Toronto. The program
provided univariate, bivariate and mul-
tivariate descriptions of the data. For
each of the thirty measurements, the
means, standard deviations, and coefhi-
cients of variation were calculated to
compare the relative variation of each
measurement. For each of the possible
435 pairings, product-moment correla-
tions were calculated to provide the cor-
relation matrix necessary for the initial
step of the factor analysis. The multivar-
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TABLE I

DEFINITIONS OF AXES, PLANES
AND CEPHALOMETRIC
MEASUREMENTS

Azxes and Planes

1. Sella-nasion (SN) ........... X axis
2. Perpendicular to SN ........ Y axis
3. Mandibular plane .............. MP

Measurements
A. Horizontal
1. A and B projected to

X oaxis ........... A-B horizontal
2-7. Each landmark pro-
jected to
the Y axis ........ Landmark-Y
B. Vertical

8. Projections of A and
B on the Y axis ....A-B vertical
9-14. Each landmark pro-
jected on the

X axis .......... Landmark-X

C. Facial Width

15. Bimaxillary width ...... Mx-Mx

16. Bicondylar width ........ Cd-Cd

17. Bigonial width ........... Go-Go
D. Oblique

18. Sella — A ................ S-A

19. Sella—B ...........c...... S-B
E. Jaw Size

20. Maxillary length ....... PNS-A

21. Mandibular length ........ Cd-B

22. Mandibular corporal
length
23. Mandibular ramus height .Cd-Go

F. Cranial Base
24. Clivus length
25. Anterior cranial base ...... S-N

26. Bimastoidal width ....... Ms-Ms
G. Cranial Vault
27. Maximum vault length ..... V.L.
28. Maximum vault width ....V.W,
29. Vault height (sella to
intersection of Y axis
and vault) ............... V.H.
H. Vertical Relationship of
Mandible to Anterior
Cranial Base
30. Mand. plane—SN angle .. MP-SN

iate portion of the program based on a
factor model described by Harman? pro-
vided either a principal factor or a prin-
cipal component initial solution. The
difference between the two solutions lies
in the values of the diagonal of the corre-
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lation matrix to be analysed. The prin-
cipal component solution method re-
tains the ones in the diagonal. The
principal factor solution replaces the
ones with communality estimates, that
is, the portion of the variance of each
variable accounted for by all the com-
mon factors. The principal component
method was chosen after preliminary
analyses revealed communalities which
were close to one. No attempt was
made to interpret the principal com-
ponent solution but it was instead ro-
tated to a multiple factor orthogonal
pattern (Varimax).® Preliminary rota-
tions to an oblique (direct quartimin)
solution revealed that the degree of in-
tercorrelation among the newly found
factors was very small and therefore
the factors were interpreted directly
from the orthogonal Varimax solution.
Since the factor loadings in an ortho-
gonal solution represent the correla-
tions between the original measure-
ments and the newly found factors,
those coefficients which were 0.32 or
higher were considered significantly
different from 0 at the 1% level.2°

REsurTs

At the 95 percent level of confi-
dence, the systematic error accumu-
lated through each step of tracing the
radiographs on acetate sheets, location
of the chosen landmarks, and the ac-
tual measurement of each variable
from the tracing averaged plus or mi-
nus 0.51 mm for the linear cephalo-
metric measurements and plus or minus
0.85 degrees for the one angular meas-
urement.

The means, standard deviations, and
coefficients of variation for all 30
measurements are presented in Table
II. Anteroposterior facial measure-
ments in relation to the Y axis (meas.
1-6) exhibit higher coefficients of vari-
ation as a group than vertical and
width facial measurements. The meas-
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TABLE II

MEANS, STANDARD DEVIATIONS
AND COEFFICIENTS OF VARIA-
TION OF 30 CEPHALOMETRIC
MEASUREMENTS FOR 66 BOYS
AT AGE 8 YEARS

Coef. of

Measuremen: Mean S.D. Var.
(em.) (x) (s) (s/x%)

1. A-B horiz. 1.23 0.28 22.7
2. A-Y 6.20 0.39 6.3
3. B-Y 4.97 0.56 11.3
4, Me-Y 4.07 0.63 15.5
5. PNS-Y 1.57 0.25 15.9
6. Cd-Y 1.40 0.30 21.4
7. Go-Y 1.22 0.38 31.1
8. A-X 5.05 0.25 4.9
9. B-X 8.50 0.35 4.1
10. Me-X 10.38 0.46 4.4
11. PNS-X 4.01 0.26 6.4
12, Cd-X 1.74 0.30 17.2
13. Go-X 6.77 0.39 5.7
14. Mx-Mx 6.30 0.42 6.6
15. Cd-Cd 10.56 0.47 44
16. Go-Go 8.82 0.41 4.6
17. S-A 8.02 0.34 4.2
18. S-B 9.89 0.41 4.1
19. PNS-A 4.75 0.24 5.0
20. Cd-B 9.32 0.40 4.2
21. Go-Me 6.42 0.39 6.0
22. Cd-Go 5.04 0.32 6.3
23. S-Ba 4.30 0.38 6.5
24, S-N 7.02 0.31 44
25. Ms-Ms 10.82 0.42 3.8
26. V.L. 19.47 0.42 3.4
27. VW, 15.16 0.62 4.0
28. V.H. 11.33 0.43 3.7
29. A-B vert. 3.46 0.28 8.0
30. M.P-SN (°) 34.36 3.62 10.6

urement A-B (horizontal) also shows a
high coefficient of variation.

The matrix of product-moment cor-
relations among the 30 measurements
is presented in Table III. The eigen
values and the cumulative variance are
shown in Table IV. Thirty components
were originally extracted and a prob-
lem arose as to how to extract the least
number of components yet still account
for a maximum of the total variance.
Since components with eigen values
less than 1 can be considered insignifi-
cant,’' twelve components which ex-
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hibited eigen values of 1 after they
were completely rounded off were re-
tained for subsequent orthogonal rota-
tion. The twelve components account
for 91 percent of the total variance.

The rotated orthogonal Varimax so-
lution is shown in Table V and the
factors (columns) are in order of the
respective variance which each con-
tributes to the total variance. The se-
lection of factor names was influenced
by the nature of the measurements dis-
playing the largest loadings or correla-
tions with each column under consid-
eration. In each column, loadings of
single measurements or groups of
measurements stand out from the oth-
ers. The interpretation and subsequent
naming of the factors then centres
around this particular measurement or
group of measurements provided that
the interpretation was consistent with
the remaining measurements loading on
this factor.

Factor 1

The first column was identified as a
“retrognathic facial type” factor from
high loadings which relate the facial
complex in general and the mandible
in particular to the vertical Y axis
(meas. A-Y, B-Y, Me-Y, PNS-Y, Cd-Y
and Go-Y). In addition, this is the
only factor which contains a significant
loading contributed by the criterion
measurement of anteroposterior maxil-
lomandibular relationship (A-B hori-
zontal).

Factor 11

This was identified as a factor rep-
resenting “dentoalveolar height” from
the high loading of measurement A-B
vertical. Total face height (meas. B-X
and Me-X loads almost equally on this
factor but anterior maxillary height
(A-X) does not, thus leaving dento-
alveolar height as the primary source
of variation in this factor. The oblique
distance of B point from sella is strong-
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TABLE il

MATRIX OF CORRELATIONS AMONG 30 CEPHALOMETRIC MEASUREMENTS

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

MEASUREMENT 9\ 51 .17 -.02 .08 -.22 .03 .02 -.20 =-.09 -.07 -.18 =-.10 -.25 .19
29°N\-.08 -.09 .23 -.04 12 .28 4 9 27 . .58 .07 .06
). A-B hor. 1 28\_.27 .25 .00 .35 -.05 -.02 -.06 -.07 .01 -.13 -.06 .07
2. A-Y -7 27 08 .31 -0 -.07 .12 -.02 -.12 -.08 .17 .13 .14
3. By -5 .89 2 N2 42 .32 .00 a2 .23 .19 .29 .30 -.04
4. Me-Y _76 .80 .94 25 NL03 .15 .3 .25 .26 .8 .0 .09 .35
5. PNS-Y _49 75 78 .70 N\ 24 N_09 .12 .43 .40 .56 .24 .62 .7
6. Cd-Y d4 231 29 22 -.50 N6 23N\_19 .03 .22 -.01 .38 .18 .15
7. Go-Y 62 .52 .68 -.67 =67 .55°\7 22\_.08 .38 .18 .26 .22 .31
8. A-X 23 <06 -5 -.20 -2 .14 34N_8 20N_.71 .50 .49 .58 .33
9. B-X 22 08 .06 -.13 .14 .10 .26 .60°N\_9 20061 .65 .63 .38
10. Me-X 43 .23 .0 .05 .02 .07 .21 .54 .89N\UJO 19N_.43 .72 .29
1. PNS-X -9 36 .35 .35 .26 -.17 -.16 .32 .49
12, Cd-x _19 .35 .35 .34 .3 .00 -.13 .00 .35
13. Go-X 13 .38 .30 .38 .2 .01 -.09 .27 .55
14, Mx-Mx S0 .0 a2 a3 .00 .39 .18 .07 .00
15. Cd-cd S07 -.05 .00 .08 -.08 .39 .1 .19 -.0
16. Go-Go S26 3 .23 .29 -.06 .27 -.03 .32 .7
17. S-A _23 .8 .73 .61 .61 -.23 -.31 43 .36 45 .48 .32 .42 .09 .04
18. 5-8 S31 .56 .55 .46 .37 -5 -.28 .35 .72 .69 .54 .47 .59 .00 -.02
19, PNS-A _04 49 .51 .42 .10 .06 -.07 .19 .23 .27 A3 .1 .24 .16 .03
20. Cd-8 -39 .55 .58 .52 .23 .32 -2 .30 .43 .46 .33 .02 .32 .25 .21
21. Go-Me .33 .54 .54 .53 .26 .24 12 .23 .32 .52 .30 .24 .24 .41 .18
22. Cd-Go 00 .09 .07 .17 -.08 .05 -.01 .32 .32 .37 .44 .16 .68 -.11 .21
23. S-8a S09 .08 .10 .10 . -.03 -5 .23 .38 .28 .27 .22 .32 -1 .08
24, 5-N 02 .56 .39 .3 .37 -1 -6 .23 .08 .21 .09 -.06 .06 .10 -.08
25. Ms-Ms -05 .02 .03 .12 -1 .33 .21 .20 .08 .18 .06 -.02 .31 .36 .63
2. V.L. A2 .25 3 .04 .20 -.09 -.07 .09 .27 .22 .4 .06 .06 -.10 -.14
27. V.w. 24 -0 -.26 -6 -.24 .27 .30 .12 .00 .00 -.08 .04 .13 .26 .48
8. V.H, 25 .00 -2 -3 .00 -.07 .07 -.08 -.07 -.04 -.23 -.19 -.13 .07 -.03
29. A-B vert. 08 .14 .06 .02 -.08 -.02 .03 .11 .72 .65 .34 .43 .47 -.06 -.1
30. MP-SN 51 -.43 -5 .67 -39 14 44 .30 .33 .23 -.25 .34 .38 -.02 -.16
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TABLE IV

EIGEN VALUES OF FIRST 12 COM-
PONENTS AND THE PERCENTAGE
VARIANCE WHICH EACH
COMPONENT CONTRIBUTES TO
THE TOTAL VARIANCE (30)

Component Eigen % of Total

Value Variance

I 8.28 27.6

1I 4.80 16.0

III1 3.22 10.7

v 2.53 8.5

A% 1.71 5.7

VI 1.49 4.9

VII 1.19 4.0

VIII 1.14 3.8

IX 0.85 2.8

X 0.76 2.6

X1 0.68 2.2

XII 0.56 1.9
27.21 90.7

ly related to this factor as well. There
is, in addition, a moderately low asso-
ciation with posterior facial height
(meas. PNS-X, Cd-X) and a low asso-
ciation with mandibular length meas-
urements (meas. Cd-B, Go-Me).

Factor 111

This was identified as a factor of
“maxillary body length” from the sin-
gularly high loading of measurement
PNS-A. Loading moderately on this
factor and therefore relating to max-
illary length are the position of A point
anterior to the Y axis (meas. A-Y), the
oblique distance of A point from sella
(meas. S-A) and the anterior cranial
base length (meas. S-N). This factor
is associated to a lesser extent with
mandibular length (meas. Cd-B, Go-
Me, and B-Y).

Factor 1V

This was identified as a factor of
“cranial base width and facial width”
from the high loadings of measure-
ments Ms-Ms, Cd-Cd, and Mx-Mx. Re-
lated slightly to this factor is condylar
position posterior to the Y axis (meas.
Cd-Y).

Skeletal Craniofacial
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Factor V

This was identified as a factor of
“mandibular ramus height” from the
high loading of measurement Cd-Go
and the moderate loading of measure-
ment Cd-X. Associated with mandibu-
lar ramus height is posterior facial
height (meas. PNS-X) and the man-
dibular plane angle (meas. MP-SN).
A small negative loading is present as
well for bimaxillary width (meas. Mx-
Mx).
Factor VI

This was identified as a factor of
“anterior maxillary body height” from
the one high loading of measurement
A-X. This factor contributes moder-
ately to the vertical component of the
oblique sella to A point distance
(meas. S-A) and bears as well a small
but negative relationship to dentoalveo-
lar height (meas. A-B vert.).

Factor VI1I

This was identified as a factor of
“mandibular length” from the relative-
ly high loadings of measurements Cd-Y
and Go-Me and the moderate loadings
of mandibular measurements B-X and
Cd-B. It is interesting to note that chin
position measurements anterior to the
Y axis (meas. B-Y and Me-Y) do not
load on this factor and for this reason
factor VII may reflect the effect of
bone growth at the condyle and gonial
angle as a posteriorly oriented compen-
satory mechanism.

Factor VIII

This was identified as a factor of
“cranial vault height” from the loading
of measurement V.H. A moderate load-
ing is present for anterior cranial base
length (meas. S:-N) and a small load-
ing for vault length (meas. V.L.).

Factor IX

This was identified as a factor which
determines the “vertical position of the
condyle” from the high loading of
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TABLE V

ORTHOGONAL (VARIMAX) FACTOR PATTERN FOR 30 CEPHALOMETRIC MEASUREMENTS
(UNDERLINED COEFFICIENTS ARE SIGNIFICANTLY DIFFERENT FROM 0 AT THE 1% LEVEL)

Factor

Measurement | 1 ni v \ Vi Vi Vil X X XI Xt
1. A-B hor. .85 .04 A7 -.04 .00 Jd1-19 .20 .07 .03 -.26 -.04
2. A=Y -.68 .16 .65 .00 .05 .03 .02 .10 A7 .03 -.12 -.05
3. B-Y -.90 .09 .38 .02 .04 -.04 .10 -.03 .09 .01 .04 -.07
4. Me-Y -.88 .01 .28 .09 18 - 13 -.01 a4 -0 A2 -.04
5. PNS-Y -.83 -.03 12 -.03 -.06 21 - 14 A7 100 -.26 -.08
6. Cd-Y .41 -.02 .01 31 -.04 -.14 66 -.18 -.03 -.06 .27 A7
7. Go-Y .82 .06 -.03 16 .00 150 .40 .02 .08 -.12 -.07 .0t
8. A-X .25 .25 A7 N a5 .83 .03 -.09 -.07 .10 .20 .07
9. B-X .21 .88 .12 -.02 14 .23 .06 -.05 .02 7 .06 .02
10. Me-X .06 .84 .14 N JdJ900 .33 .15 .10 .15 .03 .05 -.08
11, PNS-X -3 LAl 00 -4 57 .32 a2 =015 .25 .09 .08 .02
12, Cd-X -.25 .43 .02 -.01 -.09 -.03 .02 -.14 .81 .06 .08 .10
13. Go-X -6 .52 .10 47 .62 .03 -.05 -.04 .40 .05 .20 .09
4. Mx-Mx | -.07 .07 .05 .64 -.33 .06 .36 .19 .14 -21 .1 .07
15, Cd-Cd -.04 -.04 -.05 .78 .05 .10 a0 -1 -07 .03 07 .44
16, Go-Go -.13 .06 4 .20 A7 17 .15 .01 .07 .01 .85 .06
17, S-A -.49 .25 .68 .02 a2 .42 .02 .02 12 .10 .00 .00
18. S-B -4 75 .29 .00 .10 A7 .00 -.10 .02 .18 .08 -.01
19. PNS-A -.12 160 .94 .07 .04 -.03 .09 -.02 -,03 -.03 50 =002
20. Cd-B -.37 .40 .45 .18 15 .07 .48 -.07 -3¢ .14 17 .00
21. Go-Me -.33 .32 .36 22 -.02 .21 65 .08 .06 -.10 .04 -.10
22, Cd-Go .00 .20 .09 .18 .87 .08 -.04 05 -.22 .01 15 .04
23, S-Ba -.10 .30 -1 .18 .06 .10 -.18 -.08 .03 .77 a8 -l
24, S-N -.21 =06 .60 -.05 .03 .30 420 .52 -.05 .21 .03 -.06
25. Ms-Ms .06 .01 .10 .85 .30 -.01 .05 -.01 .00 .05 100 -.01
26, V.l. -.03 .13 .24 -.22 .01 .02 .18 .30 .03 .73 -.18 .04
27. VW, 21 =05 -.06 .28 .07 .04 .03 .21 1 -07 -.06 .84
28. V.H. .10 -.03 .02 .00 -.04 -1 -.06 .89 -.09 .06 .00 .15
29. A-B vert. .04 .89 -.01 -.09 .06 -.36 .03 .01 .10 A1 -0 ~.04
30. MP-SN .55 229 -3 -4 .41 .30 .02 .18 -.43 .02 -.06 -.08

V* 5.67 4,17 3,02 2,29 2,06 1.73 1.63 1.48 1.45 1.40 1.25 1.05

* Contribution of each factor to total variance.
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measurement Cd-X. This factor dis-
plays as well a moderate negative rela-
tionship with the mandibular plane
angle (meas. MP-SN) and a small neg-
ative relationship to total mandibular
length (meas. Cd-B).

Factor X

This was identified as a factor of
cranial vault length and clivus length
from high loadings of measurements
V.L. and S-Ba.
Factor XI

This was interpreted as a factor of
bigonial width from the high loading
of measurement Go-Go.

Factor XI1

This was identified as a factor of
cranial vault width from the high load-
ing of measurement V.W. This factor
also contains a small loading of bi-

condylar width (meas. Cd-Cd).

Discussion

The objective of a factor analysis is
to provide the simplest description of
the observed data. The analysis of 30
cephalometric measurements resulted
in 12 factors of craniofacial skeletal
size which account for virtually all the
essential information contained in the
original 30 measurements.

Of the 12 factors extracted, factor I
“retrognathic facial type” is perhaps
the most interesting from a clinical
point of view for it is the only factor
which contains a significant loading of
the retrognathic-criterion variable A-B
horizontal.

Several other variables load signifi-
cantly on this factor. Chin position an-
terior to the Y axis (measurements B-Y
and Me-Y) displays a strong negative
relationship to factor I while gonial
angle position posterior to the Y axis
(measurement Go-Y) displays a strong
positive relationship to factor I. This
would indicate that mandibular po-
sition in a posterior direction is a

Skeletal Craniofacial

229

marked feature of mandibular retro-
gnathism. A moderate positive loading
of the mandibular plane angle (meas-
urement MP-SN) and a small loading
of condylar position posterior to the Y
axis (measurement Cd-Y) indicate that
retrognathism is characterized to a cer-
tain extent by a mandible whose chin
is tipped backwards and downwards
about the condyles. In addition, small
negative loadings of mandibular total
length (Cd-B} and corporal length
(Go-Me) show that, as these measure-
ments decrease, the degree of retro-
gnathism increases.

Maxillary position relative to the Y
axis (measurements A-Y and PNS-Y)
contributes negatively to factor I but
maxillary body length (PNS-A) has a
negligible loading on this factor. Thus
protruded maxillary position contrib-
utes as well to factor I but to a lesser
degree than retruded mandibular posi-
tion.

It should be understood, however,
that these results are derived from
grouped data, and individual analyses
would likely reveal one or more com-
binations of these characteristics con-
tributing to a retrognathic profile. The
most frequently occurring characteristic
is likely posterior mandibular position.

The name “retrognathic facial type”
is purely arbitrary. because of the bi-
polarity of factor I and, indeed, if the
signs of the loadings were reversed, the
factor becomes a ‘“prognathic facial
type” factor.

The remaining 11 factors do not
contain significant loadings of the cri-
terion measurement A-B horizontal.
They are uncorrelated among each
other and with factor I because of the
orthogonal criterion of the Varimax
method. Rotation to an oblique method
such as Promax'? does not create cor-
relations among factors but rather de-
termines whether any correlation is
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present. A preliminary oblique rotation
did not change the factor pattern ap-
preciably and the correlations among
the factors were extremely small. The
factors isolated in this study cannot be
compared with thoseisolated in previous
studies®” because of differences in the
measurements chosen to be analysed
and methods of analysis.

Subsequent studies of skeletal cranio-
facial growth should include some
measure of these twelve basic factors.
These measurements can be in the
form of factor scores? or should at least
include these variables with consider-
ably high loadings on each of the fac-
tors.

A logical sequel to the present study
would be to factor analyse the same
variables taken from the same individ-
uals at different age levels. A serial fac-
tor analysis study would reveal whether
criterion variable A-B horizontal re-
mains factorially simple, ie. loads on
factor I only throughout the selected
age range, if indeed the same factors
extracted in this study can be identified
throughout the age range.

SUMMARY

Thirty cephalometric measurements
representing craniofacial depth, height,
and width were obtained from lateral
and posterior radiographs of 66 boys, 8
years of age. A multivariate factor
analysis was performed on these meas-
urements in an effort to locate specific
areas of variability within the cranio-
facial complex. Twelve uncorrelated
factors were extracted which account
for 919% of the total variance and these
were identified as: 1) retrognathic fa-
cial type, 2) anterior dentoalveolar
height, 3) maxillary body length, 4)
cranial base and facial width, 5) man-
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dibular ramus height, 6) anterior max-

illary body height, 7) mandibular

length, 8) cranial vault height, 9) ver-

tical position of the condyles, 10) cranial

vault and clivus length, 11) bigonial
width, and 12) cranial vault width.

Department of Anatomy

Medical Science Building

University of Toronto

Toronto, Ontario, M5S 148
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