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Abstract The determination of sex from human skeletal
remains is of fundamental importance in both medicolegal
and bioarchaeological investigations. In the present study,
the basal region of the occipital bone in a documented
French collection was analyzed for sex differences using
standard osteometric techniques. The results demonstrated
that a low level of sexual dimorphism is present in the cranial
base of this sample, with few of the measured variables exhi-
biting statistically significant differences between the sexes.
The cross-validated classification accuracies obtained in this
study for the derived discriminant functions are appreciably
lower than those previously reported for other disparate
populations. A stepwise procedure, which selected maxi-
mum length of the left occipital condyle and minimum dis-
tance between occipital condyles (MnD), produced the best
overall result with a classification accuracy rate of only
67.7%. The most effective single dimension, bicondylar
breadth (BCB), also correctly classified 67.6% of the indivi-
duals examined, but with a much higher sex bias. Osteo-
metric analysis of cranial base dimensions, therefore,
cannot be regarded as a sufficiently reliable method for
determining sex in this population group.

Keywords Sex dimorphism · Foramen magnum ·
Occipital condyles · Discriminant function analysis

Résumé La détermination du sexe à partir de vestiges du
squelette revêt une importance fondamentale pour les
recherches médicolégales et bioarchéologiques. Dans cette
étude, les différences sexuelles dans la morphologie de la
région basale de l’os occipital ont été mesurées dans une
collection d’échantillons français à l’aide de méthodes clas-

siques d’ostéométrie. Nos résultats démontrent qu’un niveau
faible de dimorphisme sexuel est observé dans les os de la
base du crâne dans la mesure où un faible nombre des vari-
ables mesurées présentent des différences significatives
entre mâles et femelles. La précision d’une fonction de dis-
crimination du sexe a été mesurée par une méthode de vali-
dation croisée sur la population d’origine et est notoirement
plus faible que celle documentée dans d’autres populations.
La précision maximale obtenue avec une méthode de sélec-
tion progressive est de 67,7 % pour une fonction de discrim-
ination basée sur la longueur maximale du condyle occipital
gauche et la distance minimale entre les condyles occipitaux.
La meilleure fonction de discrimination univariée, basée sur
la largeur de l’articulation bicondylaire, atteint une précision
légèrement plus faible de 67,6 % mais avec un biais sexuel
plus fort. En conclusion, les analyses biométriques des
dimensions des os de la base du crâne ne permettent pas de
déterminer le sexe avec précision dans cette population.

Mots clés Dimorphisme sexuel · Foramen magnum ·
Condyles occipitaux · Fonction discriminante

Introduction

The determination of sex is an important component in the
analysis of human skeletal remains. The ability to accurately
predict sex is related to the completeness of the remains and
the degree of sexual dimorphism exhibited by the skeleton
and the population. The most accurate results are obtained
when the entire skeleton is available for study; however,
skeletal material derived from forensic and archaeological
contexts is rarely complete and undamaged. Therefore, it is
important to establish methods for determining sex from
skeletal elements likely to survive and be recovered.

The basal region of the occipital bone is protected by a
large volume of soft tissue and thus may be less vulnerable
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to postmortem decay and destruction than other parts of the
skeleton [1,2]. As a result, a number of studies have investi-
gated the utility of this anatomical region for sex assessment
employing both univariate and multivariate approaches. Teix-
eira published an initial report concerning sex determination
from dimensions of the cranial base using a small sample of
skeletons exhumed from a local cemetery in São Paulo, Brazil
and suggested that the size of the foramen magnum may be
useful for this purpose under certain circumstances [3]. Utiliz-
ing Teixeira’s data, Günay et al. subsequently developed a
discriminant function equation for area of the foramen mag-
num which correctly assigned sex for 75% of individuals in
the original sample [4]. In another early study, Routal et al.
found the dimensions of the foramen magnum in an Indian
sample, derived from the collections of three medical col-
leges, to be sexually dimorphic and reported up to 100%
accuracy of correctly identifying sex using simple demarking
points [5]. Holland observed more modest results for a pooled
sample of early 20th century African-American and
European-American crania from the Robert J. Terry Anatom-
ical Collection, but nonetheless demonstrated that measure-
ments of the foramen magnum and occipital condyles could
correctly classify the sex of an individual with 70 to 85%
accuracy using regression analysis [6]. In a subsequent
study, Wescott et al. [7] tested the method developed by Hol-
land [6] on a sample drawn from the Terry Collection as well
as the Hamann-Todd Collection, another 20th century Ameri-
can cadaver series, and achieved an accuracy rate of 76%
employing discriminant function analysis. Uysal et al. inves-
tigated sexual dimorphism among contemporary Turkish cra-
nia and obtained slightly better results, with a reported
accuracy rate of 81% when using condylar measurements
derived from three-dimensional computed tomography [8].
More recently, in a pair of papers describing sexual dimor-
phism in the 18th and 19th century British sample from St.
Bride’s Church, Gapert et al. demonstrated that significant
dimorphism is present in the basicranium, albeit with slightly
lower discriminant ability [1,2]. Discriminant functions
derived from measurements of both the foramen magnum
and occipital condylar region yielded classification accuracy
rates between 68 and 77% for this historical British popula-
tion. Finally, Suazo et al. also investigated the presence of
sexual dimorphism in foreman magnum size among a collec-
tion of Brazilian skulls [9]. In that study, discriminant function
analysis yielded 67% accuracy in identifying sex, a level
slightly lower than that obtained by Günay et al. [4] for the
Brazilian sample created by Teixeira [3]. The results of the
abovementioned studies, therefore, suggest that metric analy-
sis of the basal region of the occipital bone may provide a
moderately effective method for determining sex in cases of
significantly fragmented remains.

It is widely recognized, however, that size-related levels of
sexual dimorphism are generally population specific, due to a

combination of genetic, environmental, and sociocultural fac-
tors, and thus metric standards developed for sexing cranial
remains of one population may not be accurately applied to
other skeletal samples [2,10–16]. Therefore, the purpose of
the present study was to assess the level of sexual dimorphism
present in the basal region of the occipital bone in a documen-
ted French sample and develop osteometric standards that can
be used to determine the sex of unknown adults.

Materials and methods

The analyzed sample consisted of 68 individuals (36 males
and 32 females) from the Georges Olivier skeletal collection
housed at the Musée de l’Homme (Muséum National d’His-
toire Naturelle) in Paris, France. The skeletons in this collec-
tion, for which sex and age-at-death are documented, are
derived from unclaimed bodies at the city morgue of Paris
and thus represent individuals of French descent from the
lower socioeconomic classes who died during the middle
of the 20th century. The sample included adult individuals
between the ages-at-death of 30 and 79, with a mean age of
51.46 ± 9.35 for males and 55.71 ± 11.62 for females. One
male and four females in the study sample were of unknown
age, but clearly adult.

The following measurements of the basal region of the
occipital bone were recorded according to the definitions
(summarized below) provided by Gapert et al. [1,2]:

• maximum length of the foramen magnum (LFM): maxi-
mum distance between anterior and posterior margins
measured along the principal axis of the foramen (Fig. 1);

• maximum width of the foreman magnum (WFM): maxi-
mum distance between the lateral margins measured
approximately perpendicular to principle axis of the
foramen (Fig. 1);

• circumference of the foramen magnum (FMC): measured
by pressing a narrow strip of calibrated paper along the
inner margin of the foramen; the paper strip was then
unrolled and measured with sliding calipers (Fig. 1);

• maximum length of the occipital condyle (MCL): maxi-
mum length of the left and right condylar articular facets
measured from the most anterior to the most posterior
projecting points of the articular surface (Fig. 2);

• maximum width of the occipital condyle (MCW): maxi-
mum width of the left and right condylar articular facets
measured approximately perpendicular to the maximum
length of the occipital condyle defined above (Fig. 2);

• maximum bicondylar breadth (BCB): maximum distance
between the lateral margins of the left and right condylar
articular facets (Fig. 3);

• minimum distance between occipital condyles (MnD):
minimum distance between the medial borders of the
left and right condylar articular facets (Fig. 3);
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• maximum interior distance between occipital condyles
(MxID): maximum distance between the medial borders
of the left and right condylar articular facets (Fig. 3);

• external hypoglossal canal distance (EHC): distance
between the external hypoglossal canal openings
measured at the most medial walls of both the left and
right openings (Fig. 4).

The area of the foramen magnum was also estimated from
the linear measurements listed above utilizing three different
formulae described in previous publications. The first
method, originally employed by Routal et al. [5], is based
on the LFM and WFM of the foramen magnum:

Area = LFM × WFM × π/4
The second method, devised by Teixeira [3], also uses

LFM and WFM of the foramen magnum:
Area = π ([LFM + WFM]/4)2

The third method, recently proposed by Gapert et al. [2],
utilizes circumference (FMC) to estimate the radius (r) of the
foramen magnum, assuming it be circular. The radius is then
applied to the formula for the area of a circle:

FMC = 2 π r
Area = π r2

In this study, the three different area formulae are referred
to as FMA-Routal, FMA-Teixeira, and FMA-Gapert,

Fig. 1 Foramen magnum measurements: (LFM) maximum length,

(WFM) maximum width, and (FMC) circumference / Mesures du

foramen magnum : (LFM) longueur maximale, (WFM) largeur

maximale, et (c) circonférence.

Fig. 2 Measurements of the occipital condyle: (MCL) maximum

length and (MCW) maximum width / Mesures du condyle occipi-

tal : (MCL) longueur maximale et (MCW) largeur maximale.

Fig. 3 Bicondylar measurements: (BCB) maximum bicondylar

breadth, (MxID) maximum interior distance between occipital con-

dyles, and (MnD) minimum distance between occipital condyles /

Mesures de l’articulation bicondylaire : (BCB) largeur maximale

bicondylaire, (MxID) distance maximale intérieure entre les con-

dyles occipitaux et (MnD) distance minimale entre les condyles

occipitaux.

Fig. 4 External hypoglossal canal distance / Distance du canal

externe de l’hypoglosse
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respectively. Linear measurements as well as the circumfer-
ence of the foramen magnum were recorded to the nearest
tenth of a millimeter (0.1 mm), while estimated area of the
foramen magnum was calculated to the nearest tenth of a
square millimeter (0.1 mm2).

In order to assess intraobserver repeatability of the mea-
surements, the crania of ten males and ten females randomly
selected from the original sample were measured a second
time without reference to the original dataset. The difference
between the two sets of values for these 20 individuals was
then analyzed using paired t-tests to detect systematic errors.
In addition, the absolute (TEM) and relative (rTEM) techni-
cal errors of measurement were calculated to quantify the
magnitude of the random error of measurement, according
to the following formulae:

TEM = √(ΣD2/2N)
rTEM = TEM/XT

where D2 is the squared difference between the first and
second measurements, N is the number of specimens mea-
sured, and XT is the grand mean of the arithmetic means for
the first and second measurements [17–19].

Descriptive statistics, including means, standard devia-
tions, and coefficients of variation, were obtained for both
sexes for each of the measurements. Mean differences
between the sexes were then assessed using independent-
sample t-tests with statistical significance set at P < 0.05.
Following this, all dimensions observed to be significantly
dimorphic were then entered into a stepwise discriminant
function procedure to select the subset of variables which
best discriminate between the sexes. In addition, dimorphic
variables, individually and in combination, were subjected to
direct discriminant function analysis to obtain formulae
that could be used with more fragmentary remains. The
reliability of the discriminant functions was assessed
(cross-validated) using the “leave-one-out” classification
procedure, given that the small size of the study collection
precluded using a holdout sample. This method classifies
each individual of a sample by the functions derived for all
specimens other than that specimen itself, and thus provides
less biased classification estimates for the study sample [20].
All statistical analyses were conducted using the SPSS 14.0
statistical software package.

Results

The results of the paired t-tests demonstrate that there was no
statistically significant difference between the original and
repeated measurements, suggesting methodological errors
were small and unlikely to bias the results (Table 1). The
values observed for the relative technical error of measure-
ment (rTEM) reveal that LFM and breadth (WFM) dimen-
sions of the foramen magnum are the most reliable (0.2784

and 0.4551%, respectively), while MxID is the variable most
difficult to replicate (3.9 979%). These results are consistent
with previous studies concerning the basal region of the
occipital bone [1,7,21]; although Wescott et al. found
width of the occipital condyle (MWC) to be the most unreli-
able measurement [7].

Descriptive statistics show that males display larger mean
values than females for all measured variables of the cranial
base (Table 2). However, results from the independent-
sample t-tests demonstrate that statistically significant differ-
ences between the sexes (P < 0.05) are observed only for a
single measurement of the WFM and length (MLC) and
breadth (MWC) of the occipital condyle (for both left and
right sides), as well as two intercondylar dimensions (BCB
and MnD). A comparison of coefficients of variation sug-
gests that females exhibit more variability than males for
measurements of the foramen magnum, while males are
more variable for condylar diameters and intercondylar
distances.

The results of the discriminant function analyses appear
in Table 3. For the first function, all significantly dimorphic
measurements were entered into the stepwise procedure and
only two variables were selected. The MCL-Left provided
the greatest contribution to sex discrimination, followed by
MnD. The next three functions, derived by the direct
approach, were designed for less complete remains in
which both, or only one of the occipital condyles, are avail-
able for examination. The remaining functions, one for each
of the significantly dimorphic variables, were generated to
allow sex determination from highly fragmentary bones in
which only a single dimension can be measured. Sample
sizes differ slightly between the discriminant functions,

Table 1 Intraobserver error test results. TEM: technical error of

measurement; rTEM: relative technical error of measurement /

Résultats des tests interobservateurs. TEM : erreur technique de

mesure ; rTEM : erreur technique relative de mesure.

t-valuea TEM (mm) rTEM (%)

LFM 0.484 0.0962 0.2784

WFM 0.111 0.1387 0.4551

FMC – 1.557 1.4085 1.4535

MLC-Left – 0.116 0.6635 2.9246

MLC-Right 0.968 0.3424 1.4867

MWC-Left – 0.558 0.2784 2.4187

MWC-Right – 0.265 0.2335 2.0186

BCB – 0.149 0.4135 0.8334

MnD – 0.357 0.1732 0.8937

MxID – 0.436 1.4571 3.9979

EHC 0.235 0.1969 0.6008

a None of the t-values are significant at P < 0.05
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given that a full set of measurements could not be obtained
for three individuals due to minor damage to one, or both, of
the occipital condyles, and thus these specimens were not
included in the corresponding classification analyses.

The sex of a specimen can be determined from the formu-
lae provided in Table 3 by multiplying each dimension with
its associated unstandardized coefficient and adding the pro-
ducts together along with the constant. If the resulting dis-
criminant score is greater than the sectioning point (average
of the two group centroids), the individual is considered
male, whereas a lower score indicates a female. The farther
a discriminant score is from the sectioning point, the higher
the probability of correct identification. In the case of single
variables, sex can also be assessed by comparing the value of
a particular dimension with the corresponding demarking
point (average of the means for each sex) provided in the
table. A value larger than the demarking point indicates a
male individual, while a smaller value suggests a female.
As with a discriminant score, reliability increases the further
a value is from the demarking point.

The cross-validated classification accuracies for all dis-
criminant functions are also presented in Table 3. The per-
centage of correctly assigned individuals in this French
sample is quite low, with multivariate functions providing
slightly better results than univariate equations. The stepwise
procedure produced the best overall result with a classifica-
tion accuracy rate of 67.7%. Direct analysis using length and
breadth dimensions of both occipital condyles yielded a sim-

ilar classification percentage (66.6%), but with a much
higher sex bias (males were correctly assigned 11% more
accurately than females). Separate multivariate functions
for left and right occipital condyles both provided 63.6%
accuracy in identifying sex; however, the left condyle is
more diagnostic in males, while the right condyle is a better
indicator in females. The most effective single dimension as
determined by direct analysis was BCB, with an accuracy
rate (67.6%) nearly identical to that obtained for the stepwise
analysis. It should be noted, however, that there is a substan-
tial sex bias associated with this equation, in which females
were classified 14% more accurately than males; whereas,
males and females are almost equally well predicted by
the stepwise function. The single dimension of the WFM
included in the discriminant analysis was not very accurate,
with only 58.8% of individuals correctly classified. The
remaining univariate functions also provide sex prediction
success rates only slightly better than chance (53.0–60.6%).

Discussion

The determination of sex from human skeletal remains is of
fundamental importance in both medicolegal and bioarch-
aeological investigations. In the present study, the basal
region of the occipital bone in a documented French popula-
tion sample was analyzed for sex differences using standard
osteometric techniques. The results demonstrated that a low

Table 2 Descriptive statistics for the measured variables of the occipital bone / Statistiques descriptives pour les variables mesurées

de l’os occipital.

Variable Males Females t-value

N Mean ± S.D. Range CV N Mean ± S.D. Range CV

LFM 36 35.38 ± 2.27 31.5–40.5 6.40 32 34.90 ± 2.26 30.7–39.4 6.48 0,868

WFM 36 30.72 ± 2.11 27.3–37.7 6.86 32 29.40 ± 2.63 23.7–35.2 8.96 2.287a

FMC 36 98.90 ± 4.85 89.2–108.0 4.90 32 97.06 ± 5.64 85.0–110.1 5.81 1,450

FMA-Routal 36 854.80 ± 93.79 724.9–1110.4 10.97 32 807.86 ± 107.58 627.3–1053.3 13.32 1,922

FMA-Teixeira 36 860.27 ± 94.54 725.8–1110.4 10.99 32 815.13 ± 106.29 646.9–1055.0 13.09 1,854

FMA-Gapert 36 780.22 ± 76.43 633.2–928.2 9.80 32 752.10 ± 88.16 574.9–964.6 11.72 1,409

MLC-Left 35 24.99 ± 3.09 18.4–30.2 12.37 31 22.88 ± 2.69 16.9–26.6 11.73 2.938b

MLC-Right 35 24.62 ± 2.65 19.8–29.9 10.76 31 22.99 ± 2.28 18.0–26.9 9.91 2.651b

MWC-Left 35 12.25 ± 1.51 10.0–15.7 12.31 31 11.57 ± 1.09 9.5–13.3 9.40 2.090a

MWC-Right 35 12.30 ± 1.27 10.0–16.0 10.36 31 11.59 ± 1.03 9.9–13.5 8.93 2.463a

BCB 36 51.32 ± 3.70 45.2–60.5 7.20 32 48.73 ± 3.27 43.2–57.3 6.71 3.052b

MnD 35 20.63 ± 3.18 15.0–6.8 15.43 31 19.07 ± 2.14 13.5–22.4 11.23 2.306a

MxID 36 37.46 ± 3.54 31.5–45.9 9.45 32 36.78 ± 3.69 32.1–46.5 10.04 0,782

EHC 36 34.00 ± 2.30 30.6–40.3 6.77 32 33.29 ± 1.88 29.0–36.8 5.64 1,381

a Statistically significant at P < 0.05.
b Statistically significant at P < 0.01.
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Table 3 Discriminant functions and cross-validated classification accuracies for cranial base dimensions / Fonctions de discrimina-

tion et précisions de validation croisée pour les dimensions de la base du crâne.

Variable(s) N Unstandardized

coefficient

Group centroid Sectioning

pointa
Correctly classified (%) % Sex biasb

Male Female Male Female Overall

Stepwise analysis

MLC-Leftc 65 – 0.322 0.534 – 0,622 – 0.088 68.6 66.7 67.7 1.9

MnD 0.293

Constant – 13.552

Direct analysis

MLC-Left 65 0.211 0.420 – 0.490 – 0.070 71.4 60.0 66.2 11.4

MLC-Right 0.067

MWC-Left 0.212

MWC-Right 0.275

Constant – 12.486

MLC-Left 66 0.274 0.395 – 0.446 – 0.051 65.7 61.3 63.6 4.4

MWC-Left 0.385

Constant – 11.165

MLC-Right 66 0.280 0.394 – 0.445 – 0.051 60.0 67.7 63.6 – 7.7

MWC-Right 0.541

Constant – 13.153

WFM 68 0.422 0.262 – 0.294 – 0.032 58.3 59.4 58.8 – 1.1

Constant – 12.703

Demarking point Females < 30.06 mm < Males

MLC-Left 66 0.344 0.340 – 0.384 – 0.044 65.7 54.8 60.6 10.9

Constant – 8.252

Demarking point Females < 23.94 mm < Males

MLC-Right 66 0.403 0.307 – 0.347 – 0.040 54.3 51.6 53.0 2.7

Constant – 9.607

Demarking point Females < 23.81 mm < Males

MWC-Left 66 0.754 0.242 – 0.273 – 0.031 57.1 61.3 59.1 – 4.2

Constant – 8.987

Demarking point Females < 11.91 mm < Males

MWC-Right 66 0.856 0.285 – 0.322 – 0.037 57.1 64.5 60.6 – 7.4

Constant – 10.243

Demarking point Females < 11.95 mm < Males

BCB 68 0.286 0.349 – 0.393 – 0.044 61.1 75.0 67.6 – 13.9

Constant – 14.304

Demarking point Females < 50.03 mm < Males

MnD 66 0.364 0.267 – 0.302 – 0.035 57.1 61.3 59.1 – 4.2

Constant – 7.250

Demarking point Females < 19.85 mm < Males

a As sample sizes for males and females are unequal for all functions, sectioning points are not calibrated to zero, but rather calculated

by averaging the two group centroids.
b % Sex bias = % males correctly classified−% females correctly classified.
c Variables not selected in the stepwise analysis include: WFM, MLC-Right, MWC-Left, MWC-Right, and BCB.
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level of sexual dimorphism is present in the cranial base of
the Georges Olivier skeletal collection. For this sample, only
a single variable of the WFM exhibited a statistically signifi-
cant difference between the sexes. This contrasts with the
results presented in similar investigations for diverse
populations, including 20th century Indian [5], Turkish
[4,22], Brazilian [9], Spanish [23], European-American, and
African-American groups [7], as well as the historic British
sample from St. Bride’s Church [2], in which males were
observed to be significantly larger than females for not
only width, but also length, circumference, and area of the
foramen magnum. Slightly more sexual dimorphism was
observed among the French specimens in the occipital con-
dylar region. The length and width of both condyles, as well
as two intercondylar dimensions (BCB and MnD) displayed
significant differences between males and females. These
results are consistent with those recently provided by Gapert
et al. for the historic British sample from St. Bride’s Church
[1]. However, in the abovementioned investigation, the
authors also foundMxID and EHC to be significantly dimor-
phic [1], which was not the case in the present study.

The absence of significant sexual dimorphism for the
abovementioned variables in the Georges Olivier collection
can obviously be attributed to the considerable size variation
exhibited by both sexes in this limited sample. This is clearly
illustrated by the extensive overlapping range between male
and female values observed not only for the less dimorphic
dimensions, but also for measurements in which mean dif-
ferences between the sexes were found to be statistically sig-
nificant (Table 2). These results are in accordance with those
presented in a recent investigation which utilized geometric
morphometrics to evaluate cranial sexual dimorphism in the
Olivier collection [24]. Although the authors identified a
strong size-related and a more subtle shape-related sexual
dimorphism in the facial skeleton, particularly the zygo-
matics, temporal bones, and nasal aperture, no such dimor-
phism was observed for the cranial base. The apparent low
level of sexual dimorphism in the basicranium may result
from a combination of factors such as sample size, popula-
tion variability, and the social and health bias of the French
collection, given that the individuals who comprise this
sample derive from low socioeconomic strata.

The limited sexual dimorphism and high variability
expressed by the Georges Olivier skeletal sample for dimen-
sions of the cranial base, results in very poor discriminating
ability of the derived discriminant functions. The percentage
accuracy of correct sex classification obtained for each of the
significantly dimorphic variables ranged from a low of
53.0% to a high of 67.6%. Likewise, multivariate analyses
utilizing stepwise and direct procedures provided a maxi-
mum allocation accuracy rate of only 67.7%. These results
differ from those obtained by Holland for a documented
series of 20th century African-American and European-

American crania [6] and Uysal et al. for a living Turkish
sample [8] in which measurements of the basicranium pro-
vided accuracy rates surpassing 80%, but are more consis-
tent with those reported by Wescott et al. for a larger 20th
century African-American and European-American cranial
sample [7], as well as Gapert et al. for the St. Bride’s assem-
blage [1,2] and Suazo et al. for a collection of Brazilian
skulls [9]. In these latter two investigations, sex prediction
accuracy rates for dimensions of the foramen magnum were
between 60 and 70% [2,9], while the most successful com-
bination of condylar variables correctly classified 77% of the
individuals examined [1]. Measurements of the occipital
condylar region also provided higher discriminatory value
than foramen magnum dimensions in the current study. In
addition, for both French and historical British [1] samples,
bicondylar breadth (BCB) provided the highest discrimina-
tion for a single variable, while the best multivariate func-
tions incorporated minimum distance between the occipital
condyles and maximum length of the left occipital condyle.
However, the sex classification percentages obtained for the
French sample utilized in this study are appreciably lower
than those reported in previous investigations for all other
population groups.

Conclusion

The basal region of the occipital bone in the Georges Olivier
skeletal collection is less sexually dimorphic than in other
populations, and thus the average percentage accuracies in
correct sex classification obtained for the derived discrimi-
nant functions are lower than those reported in previous
investigations for other disparate samples. Overall accuracy
rates in the present study ranged between only 53.0 and
67.7%. Therefore, osteometric analysis of cranial base
dimensions cannot be regarded as a sufficiently reliable
method for determining sex in this French population. How-
ever, in cases of highly fragmentary cranial remains, when
no other skeletal elements are preserved, metric analysis of
the basal region of the occipital bone may provide a statisti-
cally useful indication as to the sex of an unknown skull [2].
Further research utilizing larger samples from other docu-
mented collections should be conducted to determine
whether a low level of sexual dimorphism in the basal region
of the occipital bone characterizes all French populations or
if the cranial sample analyzed in this study is unique in this
respect.
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