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ABSTRACT: The examination of skull sexual dimorphism has been the subject of numerous morphologic and craniometric studies, but the disad-
vantage of these studies is that they are dependent on the experience of the operator and involve subjectivity. In 1996, a team from Taiwan refined
the methods enabling the sex of an individual to be determined using cephalometric plots made from lateral teleradiography. To validate their work
using a European population, 114 dry skulls (59 men and 55 women) were examined. Cephalometric plots were made on lateral teleradiography with
an orthodontic software and 18 cephalometric variables were analyzed. Sex was determined with 95.6% accuracy using the 18 variables discriminant
function. A subset of eight variables was selected and could predict sex with the same accuracy. In conclusion, it can be said that skull-sexing meth-
ods using lateral teleradiography seem always suitable but the most indicative variables could differ relative to the ethnic population concerned.
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When human bones are discovered, the first question asked is
“Are they male or female?” This is of interest in two fields:
anthropology and forensic science. Among the bones of the human
skeleton, the pelvis is the most determinant (1), but, because of its
complex shape, it is delicate and often found in a very poor condi-
tion. The skull, on the other hand, is usually better preserved and
more readily exploitable (2).

For this reason, many authors have concentrated on the skull for
determining the sex of an individual. Several methods have been
refined. Initially, morphologic examinations were developed. These
were qualitative methods making use of descriptive criteria (3-5).
The disadvantage of such methods is that they lack objectivity and
are dependent on the experience of the operator (6).

Craniometric examination was also developed, and this is a
quantitative examination involving taking direct measurements of
the skull (7,8).

In 1958, Céballos and Rentschler (9) were the first to work on
teleradiography for determining sex from the skull. Other authors
succeeded them (10-15) using both posteroanterior and lateral
teleradiography.

In 1996, Hsiao et al. (16) conducted lateral teleradiography on a
sample of 50 males and 50 females from Taiwan. Using 18
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variables from cephalometric plots obtained from the teleradiogra-
phy plates, they claimed to be able to determine the sex of an indi-
vidual with 100% accuracy. Furthermore, of the 18 variables, three
are more indicative than the others are, and the authors say that
they can determine the sex of a subject to 98% accuracy by using
these three variables alone.

At the end of their study, the Taiwanese authors suggest their
method should be tested on a different ethnic population. The pur-
pose of our research therefore was to validate the Taiwanese
method on a European population.

Materials and Methods

The sample we studied comprised 114 dry skulls (59 men and
55 women) from the “Museum d’Histoire Naturelle” in Lyon. This
collection dates from the end of the 19th century and comes from
deceased people in hospital and the dead body where not claimed
by the family. For each body, sex and age were listed in an index.
All the subjects came from the Rhone-Alpes region in France. The
subjects selected were aged between 20 and 55 at the time of their
death, in other words, after puberty and before signs of senility
appeared (4).

Lateral teleradiography was conducted on each skull. The plates
were made using radiography equipment that established a focal-
plate distance of 4 m. They were digitized with Epson Expression
1640XL Scanner (Epson America, Inc., Long Beach, CA). Then,
the cephalometric traces were made by an orthodontic software.
Nineteen cephalometric points were identified (Table 1) which
enabled the identification of 18 cephalometric variables as
described in Hsiao et al. (16) (Table 2). There were eight angles
(°), nine linear measurements (mm), and a proportional measure-
ment (%). The same operator conducted all the cephalometric plots.

© 2008 American Academy of Forensic Sciences
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TABLE 1—Cephalometric landmarks.

TABLE 2—Cephalometric variables.

Landmark Description Variables Description
B (Bregma) Point at which sagittal and coronal sutures meet Angular, °
M (Metopion) Point where the line that connects the highest 1. GMSN Angle between the glabella to metopion line and the
points of the frontal eminences crosses the sella to nasion line (SN)
sagittal plane 2. GMFH Angle between the glabella to metopion line and the porion
G (Glabella) Most anterior point in the midsagittal plane between to orbitale line (Frankfort horizontal plane, FH)
the superciliary arches 3. GMBaN Angle between the glabella to metopion line and the basion
Sg (Supraglabellare) ~ Most posterior midline point in the supraglabellar to nasion line (BaN)
fossa, the concavity between glabella and metopion 4. GSgM Angle between the metopion to supraglabellare line and the
N (Nasion) Most anterior point on the frontonasal suture in the supraglabellare to glabella line
midsagittal plane 5. IOpSN Angle between the inion to opisthocranion line and the
V1 Upper parameter of the frontal sinus cavity SN line
V2 Lower parameter of the frontal sinus cavity 6. IOpFH Angle between the inion to opisthocranion line and
H1 Anterior parameter of the frontal sinus cavity on the FH line
bregma to nasion line, the line from the inner 7. 10pBaN Angle between the inion to opisthocranion line and the
location of bregma to nasion BaN line
H2 Posterior parameter of the frontal sinus cavity on 8. OIOp Angle between the opisthocranion to inion line and the inion
bregma to nasion line to opisthion line
S (Sella) Midpoint of sella turcica, hypophyseal fossa Linear, mm:
Or (Orbitale) Lowest point on the lower margin of the bony orbit 9. SgGM Distance between supraglabellare and the glabella to
Po (Porion) Top of the external auditory meatus metopion line
Op (Opisthocranion)  Most prominent point of the occipital bone in 10. GSgN Distance between glabella and the supraglabellare to nasion
the midline line
I (Inion) Most prominent point of the external occipital 11. FSHt Frontal sinus height, vertical parameters of the frontal sinus
protuberance cavity
O (Opisthion) Midpoint of the posterior border of the foramen 12. FSWd Frontal sinus width on bregma to nasion line
magnum 13. IOpO Distance between inion and the opisthocranion to opisthion
Ba (Basion) Most inferior posterior point in the sagittal plane on line
the anterior rim of the foramen magnum 14. MaSN Distance between mastoidale and the SN line
Ma (Mastoidale) Lowest point of the mastoid process 15. MaFH Distance between mastoidale and the FH line
B1 Anterior parameter of the mastoidal width at the 16. MaHt Mastoid height from cranial base
level of cranial base 17. Mawd Mastoid width at the level of cranial base
B2 Posterior parameter of the mastoidal width at the Proportional, %:
level of cranial base 18. GPI Glabella projection index = (distance between glabella and

Reprinted, with permission from Hsiao et al. (16), copyright ASTM Inter-
national, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

The operator did not know the sex of the skull at the time of mak-
ing the plot.

The data obtained were analyzed using SAS 9.0° (17). We used
exactly the same method as used for the Taiwan data (16) and the
Indian data (18), i.e., univariate student #-test (Satterthwaite method
when variances where unequal) were performed and univariate
F-ratios (square of t-test) were reported. Linear discriminant func-
tion (using pooled covariance matrix) and quadratic discriminant
functions (using within group covariance matrix) were computed.
Resubstitution classification and cross-validation classification
(leave-one-out method) were then performed. The percentage error
of classification was calculated on the full data set (resubstitution)
and after cross-validation (leave-one-out). The stepwise discriminant
analysis was used for the variable selection (stepwise method).

Results

The values of the 18 cephalometric variables are presented in
Table 3. The mean differences for all measurements were statisti-
cally significant (p < 0.0001). Mean male values for angular mea-
surements were smaller than female values, except for the angle
GMSN, angle GMFH, and angle GMBaN. Mean male values for
all linear measurements and the proportional variable (GPI) were
larger than female values.

The stepwise discriminant analysis selected eight variables
(Table 4): the distances GSgN, MaHt, SgGM, FSHt, MaWd, and
FSWd, the angle GMSN, and the GPIL. The F-value for a variable
indicates its statistical significance in sex discrimination, i.e., it is a
measure of the extent to which the variable makes a unique

the supraglabellare to nasion line) X 100/(distance between
supraglabellare and nasion)

Reprinted, with permission from Hsiao et al. (16), copyright ASTM Inter-
national, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

contribution to the prediction of sex. Wilks lambda is used to test
the null hypothesis that the populations have identical means on
D. Wilks lambda is :“W;‘S'“;‘f'” so the smaller the Wilks lambda
the more doubt cast upor‘lou that null hypothesis. For our data,
p <0.0001. We can determine how much of the variance in the
grouping variable is explained by our predictor variables by sub-
tracting the Wilks lambda from one, we obtain the squared canoni-
cal correlation. For our data, 80% of the variance was explained
with the eight variables.

The discriminant analysis was performed on the 18 variables and
on the eight selected variables (Table 5). The Linear discriminant
analysis (LDA) function gave a better prediction than the quadratic
discriminant analysis (QDA) function with 4.4% of classification
error for both 18 and eight variables versus 11.4% and 8.8%, respec-
tively. The reliability (100—CYV error) is at least as good for the sub-
set of eight variables as for the total set (95.6% for both with the
LDA function). To predict sex membership from a set of p predictor
variables with the LDA method, a linear discriminant equation,

Di:a+b1X| —|—b2X2+...+prp

is constructed such that the two groups differ as much as possi-
ble on D. That is, the weights are chosen so that a discriminant
score (D;) and an ANOVA on D were computed for each sub-
ject; the ratio of the between groups sum of squares to the
within groups sum of squares is as large as possible. For our
data, the generalized squared distance (D*) between the two
sexes was 16.04 with the eight variables predictor and 19.16
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TABLE 3—Means, standard deviation, and univariate F-ratios for
18 cephalometric variables of 114 European adult samples (59 male

TABLE 5—Classification results of sex determination from cephalogram
with a linear discriminant function (LDA) or a quadratic discriminant

and 55 female). function (QDA), for either the 18 variables, or the eight selected variables.

Male (n = 59) Female (n = 55) Model Data Resubstitution Error % CV Error %

Variables ~ Means  SD Means SD F-Ratio 18 variables LDA  Total 2.6 44
Male 5.1 5.1

OIOp 139.213 8.181 146.318 7.1638 24.1875 Female 0.0 3.6
IOpSN 102.262 9.78987 110 9.01938 19.1811 8 variables LDA Total 4.4 4.4
IOpFH 113.052 9.5876 120.721 8.84207 19.6254 Male 5.1 5.1
IOpBaN 82.867 8.7258 92.0340 8.91239 30.7744 Female 3.6 3.6
GSgM* 164.392 7.86962 174.345 2.86639 78.2547 18 variables QDA Total 5.3 114
GMSN 83.018 5.81218 88.805 5.50877 29.6680 Male 10.2 18.6
GMFH 72.228 6.21989 78.084 5.31097 29.0186 Female 0.0 3.6
GMBaN 101.905 5.67736 106.771 4.81339 24.1886 8 variables QDA Total 4.4 8.8
SgGM* 1.636 0.754775 0.50546 0.324160 105.2504 Male 5.1 6.8
MaWwd 19.526 2.71668 13.9362 2.42933 133.3781 Female 3.6 10.9
MaSN 42.358 5.04388 37.0598 4.46153 35.0814
MaHt 11.723 2.12516 8.0250 1.73289 102.8116
MaFH 29.358 3.02258 24.8817 2.65413 70.1691
10pO 10.724  3.26464 7.63 2.74681 29.7637 Of the nine linear measurements considered, all values are
I?SS\%VI\(II* 1;?3? égggg é 553‘5‘;;6 gg%ég 1%3(1)(5)3 greater in males than in females. This confirms the conclusions of
il 31053 3046 239805 382077 g many .'fluthors including .Patll and Mody (17) who found linear
GPI* 19876 5783 13.5927 22030 43.4957 dimensions to be greater in men than in women.

*Unequal variances between sexes.

with the 18 variables predictor. The linear discriminant function
(weights b; and constant a) for male and female with eight vari-
ables is given in Table 4.

Discussion

The examination of skull sexual dimorphism has been the sub-
ject of numerous morphological and craniometric studies, but the
disadvantage of these studies is that they are greatly dependent on
the experience of the operator and involve subjectivity. However,
the teleradiographic examinations developed more recently are of
interest because they are more objective, standardized, and repro-
ducible. Moreover, according to many authors, the most indicative
regions of the skull in terms of sexual identification are the frontal
regions and the base of the skull.

Therefore, following the example of the Taiwanese team, these
two regions were examined to identify the following anatomical
features: the glabella, the frontal sinus, the external occipital protu-
berance, and the mastoid processes. As Hsiao et al. (16), the two
reference plans used in this study were the Frankfort plan (S-Na)
and Basion-Nasion plan, which are the most frequently used in
cephalometric analysis of profile teleradiography.

The 18 cephalometric variables examined on our European pop-
ulation were confirmed to be a reliable predictor for sex. A subset
of eight variables was selected and could predict sex with the same
accuracy: Distances GSgN, MaHt, SgGM, FSHt, MaWd, and
FSWd, angle GMSN, and GPL

The GSgN, SgGM, GMSN, and GPI variables only concern the
glabella area. The FSWd and FSHt variables, in fact, translate the
width and height of the frontal sinus. MaWd and MaHt translate
the width and height of the mastoid processes.

Also, between the two anatomical regions examined, the frontal
region would appear to be the most determinant. Among the eight
most significantly different variables, between male and female, six
are found in that region.

The linear discriminant function enables sex determination with
an accuracy of 95.6% in a random sample of 114 European crania.
This accuracy was the same for both 18 and the eight selected vari-
ables, and was better than the ones obtained with quadratic discri-
minant functions (88.6% with 18 variables and 91.0, 2% with eight
variables).

We noticed that the eight selected variables were not exactly
the eight more correlated with the discriminant function (GSgM
and MaFH would replace GMSN and GPI for this criteria).
However, the discriminant function is unstable unless there are
20 times more cases than there are variables, which is not the
case on our data. The cross validation is especially important to
limit the optimism of the model to predict sex with data already
used to compute the predictor. The cross validation method

TABLE 4—Variables selected with the stepwise discriminant analysis. Stepwise selection summary and coefficients in the eight variables linear discriminant
function for males and females.

Wilk’s Average Squared Male Coefficients Female Coefficients
Variables F-Value Pr>F Lambda* Canonical Correlation (Constant = —298.44) (Constant = —269.68)
GSgN 152.21 <0.0001 0.424 0.576 -93.13 —-88.39
MaHt 42.65 <0.0001 0.306 0.694 0.58 -0.29
SgGM 17.03 <0.0001 0.265 0.735 6.51 4.32
FSHt 10.52 0.0016 0.242 0.758 0.99 0.74
GMSN 5.94 0.0164 0.229 0.771 2.94 3.28
MaWwd 5.70 0.0187 0.218 0.782 16.92 15.16
GPI 7.19 0.0085 0.204 0.796 1559 1430
FSwd 3.62 0.0598 0.197 0.803 -1.48 -1.98

#Pr < lambda always significant under the 0.0001 level. D* = 16.037.



VEYRE-GOULET ET AL.

(leave-one-out) used to reproduce the Taiwanese and Indian ana-
lyses may not be optimal to reduce the overestimate of the pre-
dictive value. Using this predictor on new data could lead to a
lower predictive value for this reason and also because of the
secular effect and because of today’s variability in the European
population.

Conclusion

It is possible to apply the method developed by the Taiwanese
team for determining the sex of a European skull with their 18
cephalometric variables.

It is a simple and reliable method that can be readily applied in
forensic science, in anthropology, and in human palacontology. A
subset of eight variables could be sufficient to determine the sex
with a similar accuracy but should be validated on new indepen-
dent data.
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