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Abstract

Background: Sex determination from skull morphology is important in medico-legal cases. The foramen magnum is an important
structure of the skull base and is of particular interest for forensic experts. Aim: In this study the foramen magnum was analyzed for sex
differences using standard osteometric techniques for the North Indian Population. Subjects and Methods: This study included 100
completely ossified dry human skull (M=F) in good condition with a record of sex. The cranial base was visually assessed for foramen
magnum shape. Morphometry was determined using vernier caliper and the differences amongst gender were ascertained. Results: Oval
shape was the most common followed by round, tetragonal and pentagonal in both sex. The results demonstrated that sexual dimorphism is
present in the foramen magnum. APD and TD were higher in male skulls than females. Conclusion: In incomplete skeletons, metric
analysis of the foramen magnum may provide a statistically useful indication as to sex of the unknown skull.
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Introduction

Sex determination from skull morphology is important in
medico-legal cases. In most of the forensic studies the
incomplete availability of skeletal remains makes gender
identification difficult. The foramen magnum is an
important structure of the skull base and is of particular
interest to anthropologist, anatomist, and forensic experts.
The importance of foramen magnum for gender
differentiation is well established.['] Foramen magnum
shows ethnic, racial and gender dimorphism in its
dimensions and shapes.>*! Shapes of the foramen magnum
have been classified by Murshed into eight different
shapes: oval, egg, round, tetragonal, pentagonal, hexagonal,
irreqular A, and irregular B.' Updating temporal
changes of skull morphometry is essential for forensic
study and anthropologists. The size and shape of the
foramen magnum in the North Indian Population is
largely unknown. Hence, the focus of this research was to
evaluate the gender dimorphism in the morphometry and
shape of foramen magnum in human skulls of North Indian
Population.

Subjects and Methods

The study was conducted at Indira Gandhi Institute of
Medical Sciences, Sheikhpura, Patna, using 100 fully
ossified and dry adult human skulls (males=50 and

Females=50). The study was approved by institutional
research committee. The skulls were collected from the
department of anatomy. All the skulls were gender
identified in the record. Only skulls with good conditions
were included in the study. The samples with damaged,
incomplete or without identification were not included in
the study.

All the cranial bases were visually assessed for foramen
magnum shape classification. Each shape of the foramen
was observed, compared to pretested shape models and
recorded as one of the four shapes, oval, round,
tetragonal, pentagonal. The Anterioposterior diameter (=
distance between Opisthion to Basion along the midsagittal
plane) and Transverse diameter (= margins of the foramen
at its junction with the posterior ends of the occipital
condyles) of the foramen magnum was measured using
digital venire caliper. The differences in antero-posterior
and transverse dimensions of foramen magnum amongst
gender were assessed. Data obtained were analyzed using
Statistical Package for Social Sciences (SPSS) for windows
version 10.00.

Results

The shape of the foramen magnum was observed in all the
100 skulls and recorded. The overall incidence of the shapes
of the Foramen Magnum is shown in [Figure 1].
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Figure 1: Incidence of the shapes of the Foramen Magnum

The most common shape was oval and the least common
was the pentagonal shape. [Figure-2]
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Figure 2: Showing gender wise distribution of the shapes of
the foramen magnum

The morphometric analysis of the foramen magnum is
shown in [Figure-3].
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Figure 3: Morphometric analysis of the foramen magnum

Discussion

Gender determination in human skulls is based on
morphological features especially the size, shape, and
strength of certain structures which may also show ethnic
variation in each population group which are influenced
by  certain factors like genes, environment and

socioeconomic status.[*516]

The oval shape of the foramen magnum was predominant
in the present study which is similar to the other Indian
studies by Radhakrishna S et al., and Sampada PK et al.,
Development of a particular shape of the foramen
magnum is based on the ossification of primordial cranial
residues, which later join the endochondral ossification
points  in different locations may result in various
shapes.[17-19]

In the present study all the parameters anteroposterior
diameter, transverse diameter, circumference, surface area
and index of the foramen magnum were showing sexual
dimorphism with great significance, but in a Brazilian
study, the anteroposterior diameter was not showing any
significant difference between male and female skulls.?%
The average antero-posterior diameter of the foramen
magnum of male skulls was higher than the other two
Indian studies by Arpan et al., (Madhya Pradesh
Population) and Routal Pal et al., (Gujarat Population), but
the average anteroposterior diameter of female skulls of the
present study was similar to these studies.[?-2

The anteroposterior diameter of females was much lower
than the all other ethnic groups. The anteroposterior
diameter of males was higher than the Brazillian, Spanish,
British, Gujarat region of India and Madhya Pradesh of
India and lower than the Turkish population. The transverse
diameter of males was similar with all the other ethnic
population groups, but the females were little smaller than
all the other studies.[?-23]

The circumference of the foramen magnum in the present
study in males and females was 100.1 sq mm and 88.8 sq
mm respectively.  The circumference of the male
population of the present study was higher than the Iraqg
population Herrera reported as 99.3 sq mm , whereas the
female population of the present study shows much lower
than the Irag population which was 92.6 sq mm.4 The
studies done on the circumference of foramen magnum was
very limited. So could not compare with other ethnic
populations.

Conclusion

The results demonstrated that sexual dimorphism is
present in the foramen magnum. In incomplete
skeletons, metric analysis of the foramen magnum may
provide a statistically useful indication as to sex of the
unknown skull.
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