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Abstract The successful identification of the deceased is
vital to the progress of any forensic investigation. One of
the principal biological traits to be established from skeletal
remains is the sex of the individual. This becomes more
difficult if only parts of a skeleton are found or if the bones
are compromised by physical insults such as fire, explo-
sions or violence. The basal region of the occipital bone is
covered by a large volume of soft tissue and is therefore in
a relatively well-protected anatomical position, and as such,
classification of sex using the occipital bone may prove
useful in cases of significantly disrupted remains. The aim
of this paper is to evaluate manually recorded morphomet-
ric variables of the region of the foramen magnum using
both discriminant function analysis and linear regression.
The skulls utilised in this study were selected from the
eighteenth to nineteenth century documented skeletal
collection of St. Bride’s Church, Fleet Street, London.
Adult human skulls n = 158 ($'82/976) were measured to
derive statistical functions. The results demonstrated that
significant sexual dimorphism is present in the cranial base
of the St. Bride’s material. The correctly classified crania
within this population ranged from 65.8% for univariate
functions to 70.3% for multivariate functions within the
cranial sample. Males were correctly classified at 70.7%
and females at 69.7% using multivariate functions. The
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linear regression equations predicted sex in the cranial
sample correctly for 76% of the males and 70% for the
females using different variables; however, overall highest
correct prediction percentage was only 68%. Cross-valida-
tion brought the percentage down in some cases, but it was
concluded that, overall, the expression of sexual dimor-
phism in the foramen magnum region within the St. Bride’s
population is significantly demonstrable, and therefore, this
area of the skull should be considered useful in the
identification of sex.
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Introduction

Identification of human skeletal remains is of major
importance in medico-legal situations such as criminal
cases, mass disasters and human rights abuse investiga-
tions. One of the principal biological indicators of identity
is the sex of the individual. This is relatively uncomplicated
to achieve when the remains are complete, but fragmented
or dispersed remains result in an incomplete assessment
base, which may result in some aspects of identity being
inconclusive, including sex evaluation. The most sexually
dimorphic areas of the human skeleton are the os coxae and
the skull, with the most dimorphic regions of the former
tending not to survive inhumation particularly well [27].
Furthermore, fragmentary crania are relatively common due
to intentional destruction, perhaps in an attempt to obscure
facial identity or as a result of physical injury due to
weapons, fire, explosives or simply the effects of inhuma-
tion. It is therefore essential that every part of the human
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skeleton be assessed on its own merit to determine its value
for identification purposes as the investigator has no
influence over which elements may be presented for
examination.

Due to the thickness of the cranial base and its relatively
protected anatomical position, this area of the skull tends to
withstand both physical insults and inhumation somewhat
more successfully than many other areas of the cranium [8].
Therefore, there is considerable merit in investigating the
value of this particular region in the process of sex
determination. Previous publications on sexual dimorphism
of the cranial base included analysis of the foramen mag-
num and condylar region [9, 14, 26, 31, 36]. The region
consists of the foramen magnum (FM) and the laterally
placed condyles for articulation with the superior facets of
the first cervical vertebra. The traditional methods of
recording measurements of the cranial base include the
use of spreading calipers and calibrated paper strips [26].
Some of the problems associated with these methods have
been outlined in past publications [5, 36].

The skull, and particularly the skull base, has been
analysed with varying results and levels of success.
Measurements including the length of the foramen magnum
achieved an accuracy of almost 85% correct prediction
utilising a ‘Cape coloured’ population [16]. In 1963, Giles
and Elliot examined sex determination of the skull by
discriminant function analysis using Fisher’s [3] method.
Their accuracy for Negroid and Caucasoid material ranged
between 82% and 89% [7].

Again, using discriminant function analysis, Kajanoja
[15] achieved correct determination of male sex in 79.4%
and female sex in 79.1% of the cases in a Finnish cranial
sample. He found that an overall accuracy of 79.5% was
similar to results obtained by others. Interestingly, he also
tested Giles and Elliot’s statement that their functions were
independent of racial variations but found that this was not
the case [7, 15].

Henke [12] achieved 88% accurate determination by
using discriminant functions utilising between two and
eight variables of the human skull.

Routal et al. [26] claimed up to 100% accuracy in
predicting sex from the foramen magnum region, whilst
Holland [15] scored between 71% and 90% in the main
sample and 70-85% in the control group. It should be noted
that he used regression equations and not discriminant
function analysis. Westcott and Moore-Jansen [36] classi-
fied 76% of skulls correctly by using Holland’s [15]
method; however, it has to be pointed out that they used
discriminant function analysis for their calculations.

In this preliminary study, the use of only the foramen
magnum for sex determination is re-evaluated for a specific
reason: to assess the levels of sexual dimorphism in a
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Fig. 1 Adult cranial base demonstrating the foramen magnum (FM),
the right condyle (C) and the basilar process of the occipital bone (B)

historical documented skeletal collection that has not
previously been examined for this feature.

The foramen magnum is a three-dimensional aperture
within the basal central region of the occipital bone (see
Fig. 1). It is inclined slightly anteriorly and permits passage
of a variety of structures including the medulla oblongata,
vertebral arteries and spinal part of the accessory cranial
nerve. The anterior border of the foramen is formed by the
basilar process of the occipital bone, the lateral borders by
the left and right ex-occipitals, and the posterior border is
formed by the supra-occipital part of the occipital bone
[28]. Two convex kidney-shaped condylar facets are found
on either side of the foramen for articulation with the first
cervical vertebra at the synovial atlanto-occipital joint. The
hypoglossal canals are located internally and superior to the
condylar processes, connecting the internal posterior cranial
fossa to the external cranial base for the passage of cranial
nerve XII.

Materials and methods
The St. Bride’s documented skeletal collection

The eighteenth and nineteenth century documented skeletal
collection housed in St. Bride’s Church, Fleet Street,
London, consists of 192 adult human skeletons (& = 100,
Q =92). The individuals were accepted as “adult” at an age
of 18 years and older. Of the 192 adult remains, 158 (J =
82, @ = 76) were of use for the evaluation of sex
differences in the foramen magnum. The reduced number
of crania was mainly due to missing, badly damaged and/or
pathological skull bases.
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Table 1 Descriptive age statistics

Sex (n) Age (years) SD Median Range Minimum Maximum Mode
3 (82) 52.5a +18.5 56 68 20 88 66

Q (76) 55.3 +18.2 60 72 18 90 70
39 (158) 53.8a +18.3 59 72 18 90 63

Descriptive age statistics of the 158 St. Bride’s crania.
SD standard deviation

*One male skull had no birth date associated with it and could only be noted as adult.

The average age of the crania in the St. Bride’s collec-
tion is demonstrated in Table 1.

Measurements

For the St. Bride’s crania, manual measurements were
chosen from past publications [5, 14, 26, 36].
The variables recorded for this publication were:

— Maximum length of the foramen magnum (LFM)
measured in an anteroposterior direction along the
principal axis of the foramen

—  Maximum width of the foramen magnum (WFM)
measured approximately perpendicular to the LFM and
recorded at the widest transverse diameter of the foramen

—  Circumference of the foramen magnum (FMC) mea-
sured by pressing a narrow strip of calibrated paper
along the inner margin of the foramen magnum. The
paper strip was then unrolled and measured with digital
sliding calipers (Fig. 2).

V"'
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f

Fig. 2 Cranial base demonstrating the foramen magnum measure-
ments: dashed line FMC, vertical arrow LFM and horizontal arrow
WFM

All measurements were recorded to two decimal places.
Intraobserver and interobserver errors for these measure-
ments were analysed by two of the authors in a previous
publication [5]. The St. Bride’s measurements were
recorded by a single observer (RG) using the same
equipment.

Formulae

The LFM, WFM and FMC can be inserted into one of
three different formulae to estimate the area of the foramen
magnum.

The first method used a formula published by Routal
et al. [26], which is based on the height (%) and width (W)
of the foramen magnum. The LFM in this publication is

the same as Routal’s and Teixeira’s height measurements
[26, 31].

Area=1/4x 7w x W x h

The second method used a formula derived by Teixeira
[31], which also uses the width and height of the foramen
magnum.

Area = 7 x ((h+ W) /4)*

The third method consists of a formula suggested by the
authors of this publication and uses the circumference (C)
to estimate the radius () of the foramen magnum, assuming
it to be circular. This radius is then applied to the formula
for the area of a circle.

C=2Xmxr Area =7 X 12

Throughout this communication, the different area
formulae are referred to as (1) Routal, (2) Teixeira and 3)
area circumference (AreaCirc.).

Statistical methods
The general descriptive statistics for the 158 skulls can be
found in Table 2. Univariate and multivariate discriminant

function analysis was used to analyse sex differences within
skulls, and these results are to be found in Table 3.
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Table 2 Descriptive statistics for the St. Bride’s crania

Variable n  Mean (+SD) SE Range Minimum Maximum Median Variance 95% CI t Sig.
(2-tailed)

LFM J4* 82 3591+2.41 0.27 11.87 30.81 42.68 35.62 5.79 35.38-36.44  3.459 0.001
LFM @* 76 34.71+1.91 0.22 10.11 29.83 39.94 34.53 3.64 34.28-35.15
WFM J3* 82 30.51+1.77 0.20 10.19 24.85 35.04 30.32 3.13 30.12-30.90  3.890  0.0005
WFM @* 76 29.36+1.96 0.22 10.98 25.27 36.25 28.88 3.85 28.91-29.80
FMC J3* 82 99.07+5.97 0.66 34.47 81.89 116.36 98.47 35.61 97.76—100.38  3.779  0.0005
FMC ¢* 76  95.65+£5.36 0.62  27.02 84.93 111.95 94.55 28.76 94.42-96.87
Routal 4° 82 862.41+£94.79 1047 473.75 605.62 1,079.37 847.71  8,986.13 841.58-883.24 4212 0.0005
Routal Q° 76  801.78+85.43 9.80 44357 646.86 1,090.43 787.36  7,297.73  782.26—821.30
Teixeira ° 82 868.95+£96.36 10.64 487.81 613.12 1,100.93 85543  9,284.56 847.78—890.12 4.186  0.0005
Teixeira Q" 76  808.14+85.40 9.80 44342 647.83 1,091.25 793.48  7,293.32 788.62—827.65
AreaCirc. 3° 82  783.82+94.47 1043 54381 533.64 1,077.45 771.53  8,924.02 763.06—804.58 3.780  0.0005
AreaCirc. ° 76  730.28+82.59 9.47 42333 574 997.33 71133 6,820.50 711.41-749.15
Descriptive statistics for 158 crania of the St. Bride’s documented skeletal collection.
SE standard error, CI confidence interval
*Measurements in millimetre
® Areas in squared millimetre
Table 3 Discriminant functions for manual measurements of the St. Bride’s crania
Variable(s)  Coefficient Fisher’s Fisher’s Group Group Sectioning  Correct Correct Mean
(158 skulls)  (unstandardised) linear DFJ linear DF$ centroidd  centroid®  point prediction  prediction  correct

% & %% prediction %
WEM 0.536 8.782 8.449 0.298 —0.321 —0.0115 67.1 64.5 65.8
Constant -16.071 —134.624 —124.755
Teixeira 0.011 0.104 0.097 0.321 —0.346 —0.0125 67.1 63.2 65.2
Constant -9.202 —45.994 —39.946
FMC 0.176 3.066 296  0.289 -0.312 —0.0115 67.1 61.8 64.6
Constant —17.138 —152.507 —142.278
Routal 0.011 0.106 0.098 0.323 —0.348 —0.0125 65.9 63.2 64.6
Constant -9.216 —46.149 —40.053
AreaCirc. 0.011 0.099 0.092 0.29 -0.312 —-0.011 65.9 63.2 64.6
Constant —8.522 —39.478 —34.431
LFM 0.459 7.553 7.301 0.265 —0.286 —0.0105 63.4 56.6 60.1
Constant —16.205 —136.285 —127.442
WFM 0.317 3.87 3.665 0.312 —-0.337 —0.0125 70.7 69.7 70.3
FMC 0.083 2.086 2.032
Constant —17.562 -163.017 —151.702
WFM 0.316 12.59 12.384 0.313 —-0.337 —0.012 69.5 69.7 69.6
AreaCirc. 0.005 —0.104 —-0.107
Constant —13.503 —152.046 —143.356
WEM 0.32 —8.904 -9.112 0313 —-0.337 -0.012 68.3 69.7 69
FMC —0.142 719.81 719.902
AreaCirc. 0.014 —45.71 —45.719
Constant —6.626 —-17,606 -17,601.8
WFM 0.152 15.924 15.822  0.324 —-0.35 —-0.013 67.1 67.1 67.1
Teixeira 0.008 -0.172 -0.177
Constant —11.443 —168.993 —161.304
WFM 0.114 18.11 18.033  0.324 —0.35 —0.013 67.1 67.1 67.1
Routal 0.009 -0.22 —-0.226
Constant —10.867 —181.913 —174.671

Discriminant functions for manual measurements of 158 crania. The measurements are in millimetre and the areas in square millimetre. The
coefficients are typed in bold for ease of identification. The correct percentage predictions are based on predictions within this particular cohort.
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The discriminant function is constructed by assigning a
discriminant score to each case. Depending on the variable
and combination of variables for a function, the score
changes from case to case. A sectioning point (SP) is
created by using the mean male and female discriminant
scores, which are also known as the group centroids.
Therefore, each function has a different sectioning point,
which is based on the variables entered in the function.
Unstandardised discriminant coefficients are used for
building the formula. The standardised (Fisher’s) coeffi-
cients are used to compare the relative importance of the
independent variables.

A discriminant function is built as follows: P=a; X x; +
a X X, + ... + a, X x, + b, where ‘a;’ through ‘a,’ are the
discriminant coefficients, ‘x;’ through ‘x,’ are the discrim-
inating variables and ‘b’ is the constant. To assign the case
to either male or female sex, the product P is compared to
the sectioning point derived by the discriminant function. A
value higher than the sectioning point was deemed to be
male and a value below it deemed to be female.

The “leave-one-out method” was used at the end of the
analysis. In this form of cross-validation, each case is classi-
fied using a discriminant function based on the rest of the
sample. Table 4 shows the results of this cross validation.

Linear regression was also used to analyse the 158 skulls
(Table 5). Past publications advocated that it may be of
advantage to use both discriminant functions and regression
equations to predict sex [15]. Linear regression applies
maximum likelihood estimation and is similar to discrim-
inant analysis in that it assigns a score to each case. In the
St. Bride’s sample, the sectioning point was 0.5, whilst
male sex was assigned 0 and female sex 1. The regression
equation is similar to the discriminant function in structure
using coefficients and a constant.

All statistical analysis was carried out using SPSS 12.0.1
for Windows.

Results

The results of the descriptive statistics for the 158 crania
(Table 2) show that the differences between all male and
female variables investigated display statistically significant
differences (p < 0.001).

The discriminant functions for each single variable and
the five most reliable combinations of variables for the 158
crania are shown in Table 3. For example, using the
function from Table 3 that incorporates foramen magnum
width (WFM), circumference (FMC) and area circumfer-
ence (AreaCirc.):

An unknown adult skull has the following measure-
ments: WFM = 34.16 mm, FMC = 96.90 mm and
AreaCirc. = 747.20 mm?”.

The function would be 0.32(34.16) — 0.142(96.90) +
0.014(747.20) — 6.626 = 10.93 — 13.76 + 10.46 — 6.626 =
1.004.

The sectioning point is —0.012, and the male centroid is
0.313. Therefore, this is most likely to be a male skull. The
expected correct classification for this function is (without
cross-validation) 68.3% for males.

The most reliable variable for sex determination was the
WEM (65.8% overall accuracy) followed by Teixeira’s area
(65.2%) and the FMC (64.6%). The best combined
variables proved to be WFM + FMC (70.3%) followed by
WFM + AreaCirc. (69.6) and then by WFM + FMC +
AreaCirc. (69%). Using the formula sex = 0.317(WFM) +
0.083(FMC) — 17.562 will result in the highest possible
prediction percentage for this population.

The cross-validation method demonstrated reduced
classification percentages (Table 4). In the cranial sample,
discriminant functions classify males and females almost
equally well when using a combination of variables. Only
single variables showed greater correct classification rates
for males than females.

Table 4 Correct classification percentages for the St. Bride’s crania after cross-validation

Variables (158 skulls) Correct classifications %

after cross-validation &

Mean correct classifications %
after cross-validation

Correct classifications %
after cross-validation @

WFM 67.1
Teixeira 67.1
FMC 67.1
Routal 65.9
AreaCirc. 65.9
LFM 63.4
WFM + FMC 69.5
WFM + AreaCirc. 68.3
WFM + FMC + AreaCirc. 65.9
WFM + Teixeira 67.1
WFM + Routal 67.1

64.5 65.8
63.2 65.2
61.8 64.6
63.2 64.6
63.2 64.6
55.3 59.5
67.1 68.4
67.1 67.7
68.4 67.1
65.8 66.5
65.8 66.5

Cross-validation of correct classifications of discriminant functions for 158 crania.
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Table 5 Regression equations for the St. Bride’s crania including correct prediction percentages

Variable Coefficient SE F P R* R? adj. Correct Correct Mean correct
(158 skulls) predictions % & predictions % Q predictions %
WFM -0.0766 0.01969 15.13 0.000 8.8 83 67.0 66.0 66.5
Constant 2.78 0.5910

Teixeira —0.00166 0.0003966 17.52 0.000 10.1 9.5 67.0 63.0 65.0
Constant 1.88 0.3352

FMC —0.0245 0.006488 14.28 0.000 8.4 7.8 67.0 62.0 64.5
Constant 2.87 0.6332

AreaCirc. -0.00157 0.0004146 14.29 0.000 8.4 7.8 67.0 62.0 64.5
Constant 1.67 0.3166

Routal —-0.00168 0.0003998 17.74 0.000 10.2 9.6 66.0 63.0 64.5
Constant 1.88 0.3353

LFM —0.0593 0.01715 11.96 0.001 7.1 6.5 62.0 57.0 59.5
Constant 2.58 0.6072

LFM —0.0554 0.04568 4.50 0.002 10.5 8.2 76.0 59.0 67.5
WFM -0.0731 0.03859

FMC 0.042 0.1492

AreaCirc. -0.00185 0.009412

Constant 1.90 7.224

LFM —0.0082 0.03861 4.27 0.004 8.4 6.6 76.0 54.0 65.0
FMC -0.008 0.1481

AreaCirc. -0.0009 0.009477

Constant 2.20 7.283

WFM —-0.0470 0.03219 8.26 0.000 9.6 8.5 66.0 70.0 68.0
FMC -0.0123 0.01058

Constant 3.09 0.6481

WFM -0.0475 0.03239 5.49 0.001 9.7 7.9 66.0 70.0 68.0
FMC 0.021 0.1484

AreaCirc. -0.00212 0.009424

Constant 1.47 7.226

LFM -0.019 0.2749 5.90 0.001 10.3 8.6 56.0 70.0 63.0
WFM —0.042 0.2741

Teixeira —-0.0005 0.0106

Constant 2.86 8.991

Regression equations for the 158 crania. S.E. Standard Error.
 Coefficient of determination (%).

The regression equations for the 158 skulls demonstrated
in Table 5 show a reduced capability to correctly classify
sex within the sample compared to the results achieved by
discriminant function. However, when combined, the WFM
and FMC are better at classifying females (70%) than was
achieved for the discriminant function approach.

Discussion

Analytical methodologies developed on skeletal data
obtained from European documented skeletal collections
have increased with the growing expertise of forensic
anthropology in Europe, which is evident by the setup of
academic association bodies such as the Forensic Anthro-
pology Society of Europe or FASE [1]. There has been no
previous evaluation of sexual dimorphism of the foramen
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magnum region within a documented British population.
Sex determination in the human cranium is generally based
on size differences and robusticity [13, 17, 18, 24, 30].
These differences are unique to each population and
thought to be influenced by genetic, environmental and
socio-economic factors [10, 20, 24, 27]. Sexual dimorphism
is population specific [10], and discriminant functions
applied to cases other than the source population used to
develop these functions have shown incorrect classification
percentages between 32% and 48% [11, 15, 37]. It is there-
fore necessary to study its expression in as many geographi-
cally and temporally diverse populations as possible.
Utilising measurements for sex identification rather than
morphognostic observation permits the representation of
results in an objective manner. Morphometric analysis
should be used as part of the investigative process prior to
any destructive analysis, e.g. stable isotope analysis, dating
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or DNA extraction. Past researchers used measurements of
the whole cranium [4, 7, 12, 15], the mandible [6, 22] as
well as the dentition [25] to determine sex by applying
discriminant function analysis and regression equations.
These past studies have demonstrated that statistically
significant differences exist between male and female
skulls. These differences can be used to predict sex in an
unknown skull. However, the need for methods to identify
sex from cranial fragments becomes apparent when
considering the fragile nature of the splanchno-cranium
(viscero-cranium). The cranial base has been noted for its
ability to remain intact in cases where the rest of the
cranium has been compromised [8], and researchers
have made use of that fact by analysing sexually dimorphic
traits of this anatomical region [2, 8, 9, 14, 21, 26, 31, 33,
34, 36, 37].

In this study, the foramen magnum of a British
eighteenth and nineteenth century London crypt sample
was analysed for sex differences by using manual crani-
ometry. The results demonstrated statistically significant
differences between male and female skulls within this
population.

The St. Bride’s sample of crania allowed for the
development of discriminant functions that predicted the
correct sex in 70.3% of all cases. Although the method of
obtaining the FMC manually using a paper strip may not
seem to be as robust as other measurements, the results
obtained proved to be highly predictive of sex.

The degree of expression of sexual dimorphism within
the foramen magnum dimensions may be explained by its

Table 6 Comparison of foramen magnum variables

development. Compared to many other skeletal elements,
the foramen magnum reaches its adult size rather early in
childhood [29] and is therefore unlikely to respond to
significant secondary sexual changes. From a biomechan-
ical viewpoint, no muscles act upon the shape and size of
the foramen magnum, and its prime function is to
accommodate the passage of structures into and out of the
cranial base region, and in particular, the medulla oblon-
gata, which occupies the greatest proportion of the fora-
minal space. As the nervous system is the most precocious
of all body systems, it reaches maturity at a very young age
and therefore has no requirement to increase in size. This is
evidenced by the completion of fusion of the different
elements of the occipital bone by 5-7 years of age and
completion of fusion in the C1 centres by 5—6 years of age
[28]. As the weight of the head is transmitted through the
atlanto-occipital joint, it is unlikely that there is a significant
influence of weight transfer in the region of the foramen
magnum. Any expression of sexual dimorphism in the fora-
men magnum region must therefore be laid down during an
early period of development at a time when other skeletal
elements have also not fully developed sex-specific traits.
Population differences are also important in defining
sexual differences in the cranium. In Table 6, the general
length and width of the foramen magnum in Turkish [21] as
well as Spanish [2] populations are comparable to the St.
Bride’s population, with only the length of the foramen
magnum being slightly smaller in the latter. This differs
from the mean foramen magnum dimensions of the Indian
population analysed by Routal et al. [26] with generally

Variables Teixeira Routal et al. Gilinay and Altinkék Murshed et al. Catalina—Herrera  St. Bride’s Crania

LFMJ, mean+SD  — 35.542.8 - 37.2+£3.43 36.2+0.3* 35.91+2.41

LFM@, mean+SD  — 32.0+2.8 - 34.6+3.16 34.30+0.4° 34.71+1.91

WFMJ, mean+SD  — 29.6+1.9 - 31.6+2.99 31.1+0.3* 30.51+1.77

WFM ¢, mean+SD  — 27.1+1.6 - 29.3+2.19 29.6+0.3* 29.36+1.96

FMCJ, mean+SD  — 104.9+6.3 - - - 99.07+5.97

FMC?, mean+SD  — 98.245.3 - - - 95.65+5.36

Aread, mean+SD 963.73+140 819.0+94 909.91+126.02 931.7+144.29  888.4+13.9" 783.82494.47°/862.41:94.79°/
868.95+96.36°

Area®, mean+SD 805.65+105 771.0£90 819.01+117.24 795.0£99.32 801.0+17.4" 730.28+82.59°/801.78+85.43¢/
808.14+85.40°

nd 20 104 170 57 74 82

n? 20 37 39 53 26 76

ndQ 40 141 219 110 100 158

Sample origin Brazil India Turkey Turkey Spain Britain

Age Adult Adult Adult Adult Adult Adult

Comparison of the St. Bride’s foramen magnum variables with the results of other researchers.

SD standard deviation

#Standard error of mean (SEM) used instead of SD
® AreaCirc.

¢ Area Routal

4 Area Teixeira
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smaller variables. Therefore, it is necessary to know the
source population of any unidentified skull and choose a
method based on data from that population or a population
with similar expression of sexual dimorphism. Interestingly,
the prediction percentages for a combination of foramen
magnum variables from the St. Bride’s collection show
similar levels of prediction when compared to studies of
other populations [14, 31]. This could indicate that overall
expression of sexual dimorphism within the foramen
magnum area in relatively modern populations is limited
to a level of approximately 70%.

Regression equations developed on the 158 crania
sample demonstrated a lower level of correct predictions
(Table 5) when compared to the discriminant functions
(Table 3). The highest mean percentages for the discrimi-
nant function analysis and the regression equations seem to
be very similar. However, males and females are almost
equally well predicted by discriminant function analysis,
whilst the single variables in the regression equations
favour the male sex, the combined variables, particularly
when using the WFM and FMC, favour the female sex. The
discriminant function analysis is robust, as it predicts both
sexes equally well.

Other researchers have used image analysis techniques
in extraction of information about the foramen magnum
before, such as Murshed et al. [21] analysing the sagittal
and transverse diameters and the area of the foramen
magnum in computerised tomographic images, and
Catalina-Herrera [2] who mentioned the use of a graphic
image analyser but unfortunately failed to demonstrate its
use. The foramen magnum area in the St. Bride’s cranial
sample is a useful indicator of sex, and comparisons to the
variables and area of other populations demonstrate similar
mean results between some populations (Table 6). It can be
argued that due to the limited expression of sexually
dimorphic features within the foramen magnum region,
the use of methods involving this anatomical landmark
should not be recommended in cases of complete crania.
However, if faced with an incomplete human skull or a
fragment of the cranial base, the correct prediction
percentage demonstrated in this study give a statistically
useful guide to whether the skull belonged to a male or
female when using the correct formulaec based on the
appropriate population. Furthermore, populations with a
similar expression of sexual dimorphism within the fora-
men magnum region could make use of the same formula
or a slightly altered function by artificially changing the
sectioning point [11, 12]. Further research will concentrate
on the use of the occipital condyles alone as well as in
conjunction with the foramen magnum for the St. Bride’s
population in analysing the manifestation of sexual dimor-
phism. Expression of sexual dimorphism within these
structures (condyles) may prove useful particularly when
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considering their biomechanical properties. Studies evalu-
ating sex differences in the cervical vertebrae region may
also yield promising results [19, 35].

In conclusion, this study demonstrates that there is limited,
albeit statistically significant, expression of sexual differences
in the foramen magnum region of the St. Bride’s cranial
population, which may prove useful in predicting sex in
severely fragmented cranial bases by discriminant function
analysis. Due to the low percentage of correct classifications,
however, this method cannot be recommended for sexing
complete skulls. It may only serve as an added confirmation of
sex when other, more traditional classification methods for the
human skull have already been used. However, analysing a
skull by traditional non-metric observation and then using the
discriminant functions and regression equations may result in
a higher percentage of correct classification. It is also
recommended in cases where statistical backup of an initial
subjective observation is needed.

Another caveat must be to use discriminant functions
only on cases that are known to come from the same
population from which the functions were derived [11, 23,
32], except for a population with similar mean values of
the variables and expression of sexual dimorphism in the
foramen magnum area. Particularly, in forensic cases, only
methods developed on documented skeletal samples of
known age, sex and ethnicity should be used. The social
bias of the St. Bride’s population should also be considered
when applying the functions to other British populations in
cemetery studies. As a sample of crypt burials within
London, a social and health bias must certainly be accepted.
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