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INTERCORRELATIONS OF HEAD
AND FACE DIMENSIONS

Measurements of-the head and skull, obtained
either directly from living subjects and from bone
collections, or indirectly from cephalometric roent-
genograms. are commonly used in anthropological
“invesligations of growth and development, in stu-
dies of differences among ancient populations and

among recent populations and/or various ethnic .

groups. They are also used in medical practice
(mostly cephalometric roentgenograms), i.e. in pla-
stic surgery, genetics, orthodontics, etec.

In most instances, numerical analysis of data
resulting from these studies has been limited to
the estimation of group parameters such as means
and variances or the establishment of the signi-
ficance of differences in mean values between
groups. Multivariate approach, mainly discriminant
and factor analyses, has appeared in anthropological
studies of crania more frequently now when com-
putational difficulties have been overcome. Unlike
more routine statistical treatments, these methods
allow simultaneous analysis of large numbers of
interdependent measurements. -

In this study, factor analysis was used for de-
termination of the most important measurements
on the head and face for the preparation of face
prosthesis, i.e. artifical face restoration. .

MATERIALS AND METHODS

. This study was carried -out on one hundred
19—26-year old university students from Bohemia,
50 males and 50 females being analyzed separately.

These basic measurements of a total of b4
taken on the head and face were included in the
detailed analysis:

1. the maximum length of the head (g—
op, M 1). -

9. the maximum breadth of the head (eu —
eu, M 3) )

3. the breadth of the cranial base (t — t,M5)
4. the bizygomatic breadth of the face (zy —
zy, M 6) :
5. the bigonial breadth of the mandible (go —
go, M 8)
6. the intercanthal distance (en — en, M'9)
7. the breadth of the nose (al — al, M 13)
8. the length of the nose (n — prn, M 23)
9. the physiognomic height of the face (tr —
gn, M 17)
10. the morphologic height of the face (n —
gn, M 18) '
11. the breadth of the oral orifice (ch — ch,
M 14) ‘ _
12. the bipupillar distance (M 12). 3
The measurements were carried out according to
Martin and Saller Martin — Saller, 1957).
The statistical analysis of the recorded data
included the calculations of means (), standard de-
viations (s), standard errors of means (sg), coef-
ficients of variations (V), and coefficients of cor-
relations (r). Canonical factor analysis (R a o, 1955)
and Kaiser-varimax method of factor rotation
(Kaiser, 1958) were performed for both male
and female correlation coelficient matrices. The
linear regression equations were calculated for (1)
estimation of the breadth of the oral orifice from
the breadth of the cranial base, and (2) estimation |
of the length of .the nose from the morphological
height of the face. ’

RESULTS

The results of basic univariate statistics of each
measurement ave listed in table I. Mean values of

“all measurements studied are greater in the male

series than in the female series. Variances are greater -
in ‘males than in females in the following six

~ s
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TABLE I Basic univariate statisticg
AL FEMALE
Measurements 5 :
& 85 ) i \' min.—max. @ l S& \ 8 l i I'mm'—ma"-
8 —op 190.58 | 0.90 | 6.39 | 3.35 | 173—205 179.72 | 0.74 | 5.26 | 2.92 | 171—193
:“ —e 161.92 | 0.61 | 4.30 | 2.65 | 151—169 155.78 | 0.73 | 5.19 | 3.33 | 143—165
—t 14258 | 070 | 439 | 345 | 131—153 | 135.74 | 0.62 | 4.38 3.22 | 126—144
zy —zy 134.52 | 1.07 | 7.54 | 5.60 | 123—152 13172 | 1.15 | 8.13 | 6.17 | 116—149
80 — go 112.16 | 0.88 | 6.24 | 5.66 | 102—131 105.76 | 0.59 | 4.21 | 3.97 97—118
e’l‘ —en 32.48 | 0.37 | 2.65 | 8.16 27—38 31.66 | 0.38 | 2.71 | 8.57 | -26—30
al — al 35.12 | 0.35 | 2.45 | 6.99 28—39 31.94 | 027 | 1.94 | 6.08 20—36
;‘ —pm 68.64 | 0.56 | 3.95 | 5.76 60—175 61.82 | 0.66 | 4.65 | 7.16 54—175
T —gn 187.78 | 1.20 | 0.18 | 4.80 | 168—215 175.58 | 1.20 | 8.51 | 4.84 | 154—104
; “h* gn 117.38 | 0.88 | 6.256 | 532 | 104—129 108.12 | 0.79 | 5.59 | 5.17 95—119
‘ f). —h 52.36 | 0.38 | 2.72 | 5.18 47—517 49.22 | 0.41 | 2.87 | 5.83 41—55 .
ipupillar distance . 62.24 | 041 | 293 | 4.71 57—69 59.64 | 0.45 | 3.17 | 5.32 53—66 J
TABLE IT Correlation matriz — MALE
;
J‘ Measurements
g —.op
| eu — eu vy 008
|t 221 | (430
2y — zy 288 | 123 [412]
g;’ - gg © 180 | .380 [ .242| .072
By 223 | .039 | —.138 | —.296 | .005
| & 5 e 264 | .028| —.213| —.219| .005| .221
| P 084 | —253| .048| .129| .095| —.086 | —.217
mtac 376 .013| .055| .302|—.027|—.058| .006| |.408
n— gn 386 | —080| .279| [457] —o061| .051|—179| [429]| [BLL
¢ch—ch —o051| .148| .226| =2o3| .015|—111|—117|—132| .045 | .l114
| bipupillar distance 302 201! .336| .077| .153| .356| .155| .008| .044 | .153 .117J

fealures: the maximum head length, the cranial
base breadth, the bigonial mandibular breadth, the
nose breadth, the morphologic and physiognomic
height of the face. Variances of the rest of the
measurements are greater in the female series than
in the male series. (Table I)

The coefficients of correlation between all pairs
of the twelve head and face measurements are
shown in matrix form in table II for the male series,
in the table III for the female series. The significance
of each correlation coefficient was not tested
statistically but their significance has been deter-
mined arbitrarily according to Hruby (1951)
who recommended to consider the value r = + 0,5
as a limit for significance of any biological cor-
relation. -~

In the male series the values of correlation coef-
ficients range from —.296 to --.511. Correlation
coefficient greater than | 0.5 | occurs only between
the psysiognomic and morphologic heights of the

and the cranial base breadth; between the cranial
base breadth and the bizygomatic face breadth;
between the nose length and the morghologic and
physiognomic face heights: and between morpho-
logic and physiognomic face height. Besides these

~also coelficients greather than | 0.4 | are underlined

face. In the female series the values of correlation

coefficients range from —.227 to -.693. Corre-
lation coefficients greater than | 0.5 | were found in
five cases: between the maximum head breadth
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in tables II and III.

From the correlation analysis performed imple-
menting coefficients of correlation in both series,
it is possible to conclude that the mutual relation-
ships of the features under study on the head and
face are only of slight to moderate significance.
The interdependence of morphologically closely
related features (e.g. linear dimensions measured
in the median sagittal plane of the face, and breadth
dimensions of the head and the face) is on the
lower limit of biological significance.

FACTOR ANALYSIS

Factor analysis is one of several multivariale
methods of analyzing the mutual dependence -of

~variables studied. The main aim of factor analysis

is to find.out hypothetical variables, called factors,



TABLE IIT

————

Correlation matriz — FEMALE

Measurements
g —op
eu — eu .060
ti—1t .201 | |.693
zy — zy .162 r@
| 8>—go 160 | 256 | 373 | .273
| en — en A77( 032 | L0569 | .028 202
| M=l —.012 | .066 | .137 | .356 086 | 281
| n'— prn 347|200 367 A31| 156 055
tr — gn 254 | .290 220 | —.024| 208 | —.108
n—gn 360 | .028 | .200 | .183 A1 255 | —.227 | [.605)
| ch — ch 031 | .243 | [405] | .282 009 | 229 196 | 285 | 138 | .031
| bipupillar distance 204 | 104 | .300 | .103 260 | L9581 | 12| s2 | 299 167 | 392
!
TABLE 1V Factor analysis — MALE
Moasurements Canonical factor loadings Varimax factor loadings —\
I | 1 | m | 1w | v I | 1w P m | 1w | v
| g —op 536 | —.154 479 | —.148 | —.238 | .592 oo | —.A415
| eu — eu 182 | —.590 | —.246 100 | —.099 v | —549 —.350 3 55
] t—1t 582 | —.401 | —.341 .033 .136 oo | —d424 —.614
zy — zy 636 053 | —.288 | —.254 | —.103 | .484 . —.524
| 8 —go 208 | —.384 | —.084 416 | —.278 fee | —867 . s
| en —en —.063 | —.279 .589 .091 .304 .. | 680 e
| al — al —.171 | —.250 476 | —.155 | —.279 —.572
n — prn 419 511 .103 479 020 | 571 .500
tr — gn 542 .281 196 | —.037 | —.174 | .663 .
n —gn 136 293 148 | —.092 181 | 743 B
ch — ch 180 | —.187 | —.247 | —.187 134 B eer | —.403
| bipupillar distance 329 | —.454 279 .052 271 .592 ke
9% of total variance - 19.1 12.3 10.6 4.9 4.1

which reproduce as simple as possible the inner
relationships of observed variables. Moreover in
canonical factor analysis, the correlation of factors
and experimental variables is ntaximalized.

Factor analysis solutions were derived from
correlation matrices of both series. One factor was
verified by stalistical test in the male series which
exhausted about 30 9% of the total variance. In the
female. series there were two factors statistically
‘evaluated which exhausted more than 40 9, of the
total variance. As the amount of exhausted variance
is very small in both instances, a total of five
factors was chosen for each series in both the cano-
nical factor solution and the varimax rotation of
factors. The results obtained by these two methods
of factor analysis solution are shown in table IV for
males and in table V for females. For ease of read-

ing only significant values of loadings are given

in the varimax solution. ‘
In the male series, factor I is highly correlated
first of all with basic face dimensions, i.e. with the

morphologic face height and bizygomatic breadth.
Lower loadings are for maximum head length
(4-.536), for cranial base breadth (-+.582), and for
physiognomic face heigth (+.542). Two loadings
are negative in this factor: loadings for intercanthal
distance (—.063) and for nose breadth (—.171).

Factor II is bipolar; negative loadings are for
maximum head length and for all breadth dimensions
except for bizygomatic face breadth, the loading
of this being of slight value. Positive loadings occur
in face height and nose length measurements. The
highest negative loading is for maximum head
breadth (—.590), the highest positive loading is for
nose length (4.511).

Factor III has the highest values of its loadings
for the intercanthal and nose breadths, and for
maximum head length, Factor IV is highly posi-
tively correlated with nose length and mandibular
bigonial breadth, and negatively correlated with
bizygomatic and oral orifice breadths. Factor V ap-'
peared to be associated mainly with eye distances as
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Factor analysis — FEMALE

AEIANERE e 7 Varimax factor loadir‘xh
N ical factor loadings e —————
Measurements —E‘n’mﬁ—’—p v 1 1T | 1T v Vv
’ I 1 I v
393
‘ .. .
—o0 380 | 213 138 | —043 __-:3: 744 svs

b 550 | —.333 | —.345 | — 167 g 857 a5 &
e | wg7 | —.339 | —.278 | —173 ——-(1)78 ‘548 461 |
;v—_t zy :594 —.340 | —.203 .260 ‘419 * L ‘o Vo W 610

0 — go 366 | —.235 | .122 | —284 . .599 e
= s 340 030 | o6 | o4l | —O0L1 e i sl
al — al | .166 | —.484 202 487 004 691 - .
n — pra 686 275 | —.108 | 203 | —002 939 e
tr —gn 638 | 4o | T OO T | e | B
n — gn 572 681 001 069 ‘311 | .386 e 438 N
oh — oh ass | —gos | ass | 004 | 34| A 731 "
bipupillar distance 458 —.059 547 | — ' -

1

% of total variance 27.6 12.4 8.9 4.8 3

both intercanthal and bipupillar breadths have
higher loadings on it.

In this study, the varimax rotation of factors
provides a better basis for their interpretation. Here,
factor T concentrates length dimensions: maximum
head and nose lengths and both face heights. High
loading appearsalso for bizygomatic breadth. Factor
IT represents mainly breadth dimensons of the head
and mandible, factor III is related to the eye
distances only; factor 1V correlates with breadth
dimensions (three of which have already appeared
in preceding factors); and factor V is associated
with the head length and both nose dimensions.

[n the female series, the following results of
canonical factor analysis were obtained:

Factor I is highly correlated with both head
and face breadth as well as nose length and face
height dimensions. In the group of breadth dimen-
sions the highest loading is for cranial base breadth;
in the group of height dimensions the highest
loading is for nose length.

As in the male series, the second factor is also
bipolar, the positive loadings being for heigth and
length dimensions and the negative loadings being
for all breadth dimensions except for intercanthal
distance, the loading of which is of only slight
value. Factor III is highly positively correlated with
eye distances. Factor IV and factor V have high
positive loadings each for one measurement — fac-
tor IV for nose breadth, factor V for mandibular
breadth. .

In varimax solution, the following interpreta-
tion of factors suggests itselfs:

Factor I represents mainly head and upper-
face dimensions, factor II is associated with head
and nose length and with face height dimensions,
factor III correlates with eye distances and oral
orifice breadth. Factor IV correlates not only with
nose breadth, but also with bizygomatic breadth.

- Factor V expresses the variability of mandibular bi-
‘gonial breadth.

The results obtained in factor analysis of mu-

1
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tal interdependence of twelve selected fac? and
head measurements comcnc.le quite well both in the
male and in the female series. In both sexes fact(_n' I
correlated with most of the measurements studied,
factor 11 diferentiates between length and height
measurements on the one hand and the.breadtl_x di-
mensions on the other, the f_ormer ha_v;ng pos.xtiVe
loadings and the latter having negative loadings.
These first two factors exhausted 31.4 % of total
variance in the male series and 40 9 of total va-
riance in the female series; and their differentation
corresponds to the general scheme qf factor analysis
resulting from anthropometric studies suggested by
Tanner (1964). Factor III is clearly correlated
with eye distances in females. In males the relation
of eye dislances to the third factor is more evident
in varimax solution than in canonical analysis,
where also factor V is saturated by both intercan-
thal and bipupillar breadths. Nevertheless, the eye
distances appears to be a relatively independent
feature in both sexes.
~ The explicit interpretation of the two remaining
factors is more difficult probably because of ‘their
arbitrary determination. These two factors each
exhausted about 4—5 9/y of total variance in both
sexes. Factor IV correlates with nose and may be
also with bizygomatic breadth in females; in males
this factor is negatively related to the main head
and upper-face breadth dimensions in varimax so-
lution. Factor V is closely associated with ‘man-
dibular breadth in females while in males this cor-
relation appears only in the canonical solution of
factor IV. Varimax loadings of factor V correlate
mainly with nose dimensions in the male series.
The sum of total variance of the original twelve
measurements under study exhausted by all five
extracted factors amounts to only 51 9/, in the male
series and 57.4 9, in the female series, so that
a considerable amount of biological information is
lost. This findings indicate that to omil any mea-
sure from the initial battery of twelve selected fea-
tures on the head and face causes an essential dimi-

1
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nution of biological variance and thus of the bio-
logical information contained in the twelve features
studied.

REGRESSION ESTIMATES

In spite of not very satisfying results concern-
ing mutual dependence of the main head and face
dimensions obtained in both correlation and factor
analyses. two linear regression equations were cal-
culated for each series separately.

Firstly, the equation for estimation of the
oral orifice breadth (y) from the cranial base
breadth (z) was calculated:
for males: (1.1) y =0.381 765 x — 0.208 320; and
for females: (1.2) y = 0.367 733 « — 0.071 021.

r Secondly, the equation for the estimation of
the nose length (y) from the morphologic face
height (x) was calculated:
for males: (2.1) y = 0.463 136 + — 0.320 708; and
for females: (2.2) y = 0.447 356 x — 0.015 422.

To verify how accurate results are to be ex-
pected by using these regression equations, the cal-
culated size of estimated measurements was com-
pared with the actual size of each pertinent meas-
urement. The calculated size of the estimated oral
orifice breadth agrees with the actual size in 26 %,
of cases in the male series and in 36 %, in the
female series; when calculating the nose length
agreement is found to be 26 9/ in males and 40 %
in females.

DISCUSSION

The results obtained show that the intercor-
relations of twelve head and face measurements
studied are of only slight to moderate biological
significance. Nearly the same low values of cor-
relation coefficients were found by Blazek
(1975) in the detailed study of facial -morphology
carried out on 22 measurements taken on students
of similar age and provenance as in this study. The
relatively low validity of regresion estimates of the
maximum head and face breadthwere also obtained
hy Smahel and Figalova (1976) in an
anthropometric evaluation of craniostenosis in child-
ren. The correlations of these two measurements
just mentioned range from about 0.5 to 0.7 in
normal children of six months to six years of age.
Higher correlation coefficients (about 0.8) occur only
in the youngest age group of three-month-old
babies.

Results of factor analysis are commonly con-
sidered to be incomparable bhecause of considerable
dependence of each factor analysis solution on the
initial selection of variables (measurements) entering
into analysis. However, the general scheme of factor
analysis solutions concerning anthropometric data
as suggested by Tanner (1964) usnally emerges
spontaneously from most interpretations of extracted
factors. According to this scheme, the first factor is
a general one, representing the size of the indi-
viduals studied. The second factor differentiates
between linear  and non-linear measurements (i.e.
volume measurements). On the head and face, the

second factor separates head height and face length
from the head and face breadth dimensions, both
for various sectors of the face. The only more
detailed factor analyses, obtained mainly from a
large number of measurements on cephalometric
roentgenograms (e.g. Solow, 1966; Nakata
et all, 1975) or on bone collections (e.g. H o-
wells, 1957, 1973), provide the possibility of
extracting a larger number of interpretable factors
than can be obtained in studies like the present one.

SUMMARY

An analysis of mutual dependence of twelve
selected main head and face measures was carried
out. Data were taken on 100 university students
from Bohemia of both sexes, age group 19—26
years.

Coeflicients of correlation obtained in cor-
relation analysis are of only slight to moderate
significance, ranging in males from —.296 to +.511,
in females from —.227 to -.693.

In canonical factor analysis solution five fac-
tors were extracted which exhausted about half of
the variance in both sexes. The interpretation of
these factors coincides with the general scheme of
factor analylis suggested by Tanner. In both sexes
the first three factors represent: (1) general sizg,
(2) length and height dimensions, and breadth di-
mensions of various sectors of the head and face,
(3) eye distances which appear to be a feature re-
latively independent of the other dimensions.

The agreement of regression eslimates of the
oral orifice breadth from the cranial base breadth
with actual size is not greater than 26 9/y in males
and 36 9, in females; the agreement of nose-length
regression estimates from the raorphologic face
height with actual size is 26 % in males and 40 %
in females.

 As the intercorrelations of individual features
on the head and face is also small, it is not probable
that any regression estimates of the size of the
features studied could be more adequate. This might
be feasible only in analyses within each individual
face type. ‘ "
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