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Abstract

Background: Identification of human skeletal remains is of major importance in
medico-legal situations such as criminal cases, mass disasters and human rights abuse
investigations. Sex can be established by gross examination of skeleton using metric
and morphological techniques. Sexing the skeleton which is intact and entire is
certainly easier and reliable with high accuracy as against done with only a part of the
skeleton. A sexing accuracy of 90-95% from whole skeleton, pelvis, or one hip bone
and 80% accuracy from skull alone. The occipital bone remains well protected and
well preserved structure by huge volume of soft tissues, this makes occipital bone
useful in the sex determination. Aim of the study: To document and analyze the
dimensions of foramen magnum and to investigate its reliability in sex prediction at
computed tomographic images of adult human skull. Methods: This study was
carried on 100 Computed Tomographic images of the skull of adult persons (50 males
and 50 females). The length and breadth of foramen magnum were measured.
Results: There is significant difference between the length of foramen magnum in
males and females (pv = 0.00) and there is significant difference between the breadth
of foramen magnum in males and females (pv=0.00) and there is no significant
difference between different ages after puberty. Conclusion: There is statistically
significant expression of sexual difference in the foramen magnum dimensions, which
may prove useful and reliable in predicting sex in partial remains by discriminant
function analysis when other methods tend to be inconclusive.

KEY WORDS: Foramen magnum; Computer tomography; Morphometry; Sex
determination.

INTRODUCTION Sex can be estimated Dby
examination of skeleton grossly using
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Identification  of  skeletalized
human remains has an important role
in many legal problems as in crimes of
murder, mass disasters and in
investigations of human rights abuse
(Saunders and Yang, 1999)

metric and morphological techniques.
Sexing the skeleton which is intact and
entire is certainly easier and reliable
with high accuracy as against done
with only a part of the skeleton or
fragmented skeletal remains (Babu et
al., 2012).
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Sex estimation reach about 95%
accuracy from whole skeleton, pelvis,
or one hip bone, but it is only 80%
accuracy when using skull alone
(Tracy, 2005).

Skull bone parts usually has the
advantage of withstand bad conditions
of burial, natural calamities, mass
disasters, terroristic activities, specially
the occipital bone which remains well
protected and well preserved by huge
volume of soft tissues. This makes
occipital bone wuseful in the sex
determination (Gapert et al., 2008).

Thickness of skull base and the
anatomical  position of foramen
magnum (FM) prevent any damage
due to physical insult and inhumation
(Gruber et al., 2009).

The transverse diameter of
foramen magnum is less than 1/3 of the
distance between the two mastoid
processes. The anterior border of FM is
formed by basilar process of the
occipital bone, the lateral borders are
formed by left and right ex- occipitals,
while the posterior border is formed by
the supraoccipital part of occipital
bone (Scheuer and Black, 2004).

Usually the dimensions of FM will
remain constant after second decade of
life and will differ in male and female.
It is three dimensional, oval or circular
apertures within the central basal
region of occipital bone (Stand ring,
2008).
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Figure (1): Foramen magnum of male
patient.

Figure (2): Foramen magnum of
female patient.

Ante-mortem and post-mortem
radiographs have an important role in
identification of human remains and
computed tomography (CT) scan has a
significant role in these situations.
(Uthman et al., 2012).

CT scan has the advantage of
accurate measurements and allocation
of the craniometric points other than
on conventional radiographs. CT scan
has minimal superimposition of
structures and gives good visualization
of little differences of density. (White
and Pharaoh, 2010)
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Ante mortem versus post mortem
roentgenograms is a good established
method in  identification,  the
introduction of computed tomography
(CT) has given more imaging
modalities to work with, so
identification has become possible by
comparing  ante  mortem  and
postmortem CT scans. (Smith et al.,
2002)

The purpose of the present study
to analyze and document the
dimensions of FM and to investigate
their reliability in sex prediction at
computed tomographic images of adult
human skull.

SUBJECTS&METHODS

SUBJECTS

The present study conducted on
100 Computed Tomographic human
skull images from the latest CT scans
of the skull for patients who arrived to
department of radiology, South Valley
University  hospitals,  after  the
obtaining of approval from University
Hospital  ethics committee and
informed consent from all the included
patients selected according to the
inclusion criteria: Age from 18-60
years, from both sex, without bone
disease or skull or vertebral column
fracture.

METHOD

This study was carried on 100 CT
images of the skull of adult persons (50
males and 50 females). CT scans were
obtained using a CT scan machine;
type Helical CT. Length (antero-
posterior diameter) and breadth
(transverse diameter) of the FM were
measured, then the data will be
subjected to descriptive and
discriminant analysis.

STATISTICAL ANALYSIS

The data was assessed by SPSS
software, version 17. The P values less
than 0.05 were considered statistically
significant. The data subjected to SPSS
Student T test and Logestic regression
to evaluate the accuracy of foramen
magnum  measurements  in  sex
estimation in human

RESULTS

The mean length of FM in males
(37.22) is larger than in females
(33.53). There is a significant
difference between length of the FM in
males and females (p value = 0.000)
(table 1 & figure 3).

The mean breadth of FM in males
(30.34) is larger than in females
(28.12). There is significant difference
between the breadth (transverse
diameter) of FM in males and females
(p value = 0.000) (table 2 & figure 4).

The mean of different ages in both
sexes there is no significant difference
between different ages after puberty (p
value = 0.295) (Table 3).

For detection of the most accurate
for differentiation between male and
female through foramen magnum, we
do logistic regression and find that the
length is more accurate than breadth (p
value=.001) as shown in (Table 4).

Table (1): Statistical analysis of the mean
of anteroposterior diameter of FM in

both sexes using student T test

P
Sex N Mean SD value

M 50 | 37.22 | 3.38 000

F 50 | 3353 | 3.16

P values are shown as:
P <0.05 (significant)
P <0.01 (highly significant)

P < 0.001 (very highly significant)
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SD: Standard deviation

NS: Non significant
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Figure (3): Representing the mean
difference of foramen magnum
length in males and females.

Table (2): Statistical analysis of the
mean of the transverse diameter of
FM in both sexes using student T
test

Table (3): Statistical analysis of the
mean of the different ages in both
sexes using student T test

Sex | N Mean SD

M 50 | 39.40 | 13.83 | .295

F 50 | 36.64 | 12.32 NS

P values are shown as:

P <0.05 (significant)

P <0.01 (highly significant)

P < 0.001 (very highly significant)
SD: Standard deviation

NS: Non significant

Table (4): Logistic regression

Sex | N Mean SD value

M 50 | 30.34 2.86

F 50 | 28.12 1.95 .000

P values are shown as:

P <0.05 (significant)

P <0.01 (highly significant)

P < 0.001 (very highly significant)
SD: Standard deviation

NS: Non significant
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Figure (4): Representing the mean
difference of foramen magnum
breadth in males and females

B Sig.
Length -0.295 0.001

Step 1* | Breadth -0.230 0.05
Constant 17.100 0.000

DISCUSSION

The FM is considered a major
landmark of base of the skull and of
particular interest in anthropology,
forensic medicine and anatomy. Its
anatomical position beneath a depth of
soft tissue make it less vulnerable to
destruction or fragmentation by the
effects of inhumation processes in
comparison to facial and other cranial
bones (Westcott and Moore-Jansen,
2001).

A considerable interest has been
attracted to foramen magnum for the
purposes of sex determination (Gapert
et al., 2008).
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Teixeria, 1983 was probably one
of the first studies which focused on
estimation of sex which is based on the
foramen magnum size.

In the present study we measure the
dimensions of FM to prove its reliability
and accuracy in prediction of sex at
computed tomographic images of adult
human skull.

In our study there is a significant
difference between the mean length of
FM in males and females. Also there is
a highly significant difference between
the mean breadth of FM in males and
females.

The mean of length and breadth of
FM is larger in males than females, so
dimensions of foramen magnum are
valuable and reliable in identification
of sex.

Our findings were similar with the
results reported on the British sample
as well as on Indian populations where
significant differences were reported
between males and females for FM
length and FM breadth (Gapert et al.,
2009 & Raghavendra et al., 2012 and
Gargi et al., 2018).

In Nigerian study done on ethnic
group involving 100 skulls, Ukoha et
al., 2011 concluded that there was
sexual dimorphism in the dimensions
of foramen magnum between male and
female skulls. Another study done by
Jain et al. 2013, in north India
involving 68 skulls of adult males and
females, confirmed its sexing potential.
Burdan et al., 2012 in ethnic group of
European eastern, using 3D CT images
of 313 skulls of individuals that
revealed higher significantly mean
values of the length, breadth, and the
area of FM in males more than in
females

Also many studies analyze the
measurements of the FM using
different metric means for instance

direct measurement on skull base,
radiographs, or CT scans and found
that the FM shows sexual dimorphism
(Patel and Mehta, 2014).

The width of FM of the Brazilian
skulls  showed high significant
predominance in males more than
females. This may be related to the fact
that the vertebral arteries, nerves and
meninges pass through the base of
skull. Thus, the area of FM is larger in
males than females due to the larger
skeletal muscle structure in men
(Enlow and Hans, 2006).

Another Indian study reported
sexual dimorphism by analysing the
dimensions of the FM in three-
dimensional (3D) CT with 81%
accuracy in determining the gender
(Raghavendra et al., 2012).

In our study for detection of the
most accurate for differentiation
between male and female through
foramen magnum, we do logistic
regression and find that the length is
more accurate than breadth (p
value=.001).

These results were in accordance
with Burdan et al., 2012 who stated
that there is a significantly positive
correlation between the length and
breadth of FM and also in accordance
with with a study done by Shanthi and
Lokanadham, 2013 in south Indian
ethnic group on 100 skulls which
revealed a highly significant p value
less than 0.001 for sagittal diameter
and a significant P value for the
transverse diameter.

In contrast to our results Gruber
et al.,, 2009 did not find sexual
dimorphism in foramen magnum
diameters of skulls from Central
Europe. Another study in India
(Deshmukh and Devershi, 2006) has
reported that the measurements of
foramen magnum are not reliable in
sex determination. kanchan et al.,
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2013 stated that craniometric analysis
of FM should be only used as a
supportive finding in sex estimation of
fragmentary remains of skull. Moodley
et al., 2019 also found that the
morphology of the FM only presented
significant differences in age and not
in the sex of an individual in South
African Black Population.

Significance of these observations
in sex estimation varied according to
the ethnic group which involved, study
sample size and the statistical analysis
applied in the study (Kamath et al.,
2015).

CONCLUSIONS

 In our study there is a
statistically significant expression of
sexual difference in FM dimensions.

« Significance of FM
measurements in sex estimation are
varible according to the ethnic group,
size of the study sample, and statistical
analysis applied on the study

* It suggests the reliability,
usability and accuracy of computed
tomography in forensic identification.

» There is no difference at
foramen magnum between different
ages as foramen magnum dimensions
do not change after puberty.
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