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Abstract
Foramen magnum that is positioned under the sagittal suture
and surrounded by the lateral, squamous, and basilar parts of
the occipital bone is one of the most important structures in
the base of the skull. Genetic, socioeconomic, and
environmental factors have a significant impact on sexual
dimorphism in FM dimensions which is population-specific.
The present retrospective study was carried out in Sulaimani
teaching hospital, Sulaimani, Iraq. The study sample
consisted of 100 adult patients including 50 females and 50
males aged 20-70 years. All of the patients had CT scanned
for their necks and heads over the period June 2017 to March
2019. In order to examine the foramen magnum, its sagittal
diameter, transverse diameter, area, index, and circumference
were measured. Student’s t-test and histogram were used to
analyze the data, and Receiver Operating Characteristic
(ROC) curve and Binary Logistic Regression model were
employed to obtain a model for sex determination. We found
that women had a lower average value than men in our study.
According to the independent t-test results; the genders were
significantly different in terms of all measured parameters
(p<0.05). As demonstrated by the ROC curve, the
predictability of the dimensions in sexing the crania for
sagittal diameter, transverse diameter, and area of foramen
was respectively 76.0%, 66.0%, and 74.0%. The current study
indicated a high percentage of sex predictability regarding the
dimensions, areas, and circumference, which is because of the
highly significant difference between the genders.
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Previously conducted studies focusing on
morphometric measurements have used
dry bones for this purpose (9). In the
present study, the foramen magnum
obtained from three-dimensional (3D)-CT
images of the Sulaimania population were
assessed with to determine whether these
measurements
were
helpful
for
determination of sex.

Introduction:
One of most significant structures in the
skull base is foramen magnum (1). It is
located below the sagittal suture and
surrounded by the lateral, basilar, and
squamous parts of the occipital bone (2). It
has been referred to as an ideal gender
determination structure because it is
covered by a large volume of soft tissue
and located in the deepest section of the
posterior cranial fossa (3). Sexual
dimorphism in FM dimensions is
population-specific and highly affected by
genetic,
socioeconomic,
and
environmental factors. In addition to being
a medico-legal requirement, identifying an
individual’s sex is a highly significant
issue for the family from an emotional
viewpoint (4). In a study carried out by
Rogers
(2005),
17
morphological
characteristics of the skull were examined
in order to specify the individuals’ sex.
According to the results, supraorbital
ridge, malar size/rugosity, zygomatic
extension, and nasal aperture had primary
importance in identifying the individuals’
sex, followed by chin form and nuchal
crest with secondary significance; mastoid
size with tertiary significance, followed by
palate size/shape, forehead shape,
mandibular symphysis/ramus size, nasal
size, and other characteristics (6). Sex
identification in living individuals has s
significant role in issues like insurance
claims, property disputes, and other
different licenses; however, its importance
after death lies in identifying the deceased
in cases like murder or missing for a long
period of time in order to facilitate the
body disposition ceremonies after death
and remarriage permission. It should also
be mentioned that identity determines the
society’s responsibility to preserve human
dignity and rights beyond life (4).
Therefore, there humanitarian and legal
reasons behind positive identification of
sex (5). Over the past years, computed
tomography (CT) has helped forensic
medicine obtain forensic databases from
skeleton remnants (8). Post-mortem
examinations can be performed with the
help of particularly multi-detector CT and
magnetic resonance imaging (MRI) (7).

Aim of study:
This study aims to evaluate sexual
dimorphism in dimensions of foramen
magnum in the Sulaimania population.
Materials and methods
The current retrospective study was
carried out in Sulaimani teaching hospital,
Iraq. The studied sample consisted of 100
patients including 50 females and 50
males with an age range of 20-70 years.
Using a CT scan machine (1.0 mm slice
thickness, 257 mA, 100 kv), CT scan
images were taken from the head and neck
of all patients from June 2017 to March
2019. The patients’ demographic data
were obtained from their recorded clinical
files. Patients with syringomyelia
associated with chiari malformations,
congenital anomaly of the cranio vertebral
junction, hindbrain (chiari malformation),
dizziness, and headache (10,11)or any
diseases that have been confirmed to
cause deviations from normal ranges in
foramen measurements (12,13) were
excluded from the study.
Measurement
RadiAnt DICOM viewer software was
used for morphometry through the
following technique.
Figure 1 presents the landmarks on the
foramen.
1- FMSD: The sagittal diameter (s)
refers to the distance between
Basion (B) and Opisthion (O)
that are
2- respectively anterior posterior
direction of the FM.
3- FMTD: The transverse diameter
(𝑡) refers the distance between
maximum lateral curvature of
lateral
4- margins of FM.
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The measurements were repeated two
times, and comparison of the average
results was performed. As recommended
by Krag et al. (1988) for spinal
morphometry measurement (14), when 0.1
mm or more difference was recorded, a
third measurement was performed. FM area
(FMA) was calculated from FMTD and
FMSD utilizing different formulae given
by Routal and Teixeira:

Whitney, which is a non-parametric test,
was used to assess between the two groups
regarding their mean rank difference. The
cut-off point for gender with regard to
certain variables such as sagittal and
transverse diameters was identified using
ROC (Receiver Operating Characteristics).
Accordingly, specificity and sensitivity
with negative and positive predictive
values were calculated. Frequency and
relative frequency distribution of different
variables were presented in tabular forms.
Some variables of the study were
described using different types of
diagrams. P-values of 0.05 were used as a
cut-off point for significance of statistical
tests.

Teixaria Area = π ([FMSD + FMTD)/4]
(16)

Radinsky Area =FMSD×FMTD×π/4
FMI =FMTD×100/FMSD
The FMI (foramen magnum index) was
evaluated
using
Martin and
Saller classification
: (15)
a.
b.
c.

Results:
It was observed that on average the
sagittal diameters (𝑠) were shorter than the
transverse diameter (𝑡) (𝑝< 0.001) and this
difference was highly significant. The
means of sagittal diameter for the males
and females in this study were respectively
35.84 and 32.50) mm, and transverse
diameter was 29.67 mm for the males and
26.67 mm for the females. Independent
𝑡-test and Mann-Whitney test were used to
examine whether diameters and area of
foramen were significant detectors of sex,
and the results showed a statistically
highly significant 𝑝-value for all the
dimensions, See Tables (1, 2). Analyzing
both sexes in terms of the sagittal and
transverse diameters indicated 𝑝-values of
respectively 0.001 and 0.01. Radinsky’s
formula was used to measure the foramen
magnum area (R) which revealed a
𝑝-value of 0.001. Measuring the foramen
magnum area through Teixeira’s formula,
i.e. Area (𝑇), indicated a 𝑝-value of 0.001.
Moreover, measuring the circumference
showed a 𝑝-value of 0.001. All the above
values were <0.05, which are highly
statistically significant. According to
Martin and Saller classification, the results
indicated large type of FMI. The results
obtained from independent t-test showed
no significant difference between males
and females in terms of their mean FMI
(P=0.30). In both diameters interindividual
variation is observed and is seen in
Figures 2 , 3 and 4.

Narrow:
X–≤81.9
Medium:
82.0–85.9
Large: ≥86.0–X.

FMC (foramen magnum circumference)
(C) to estimate the radius (r) of the foramen
magnum, so assuming FM as a circular.
This radius is then applied to the formula
for the area of a circle. (17)
C=2*π*r Area=π*r2

Statistical analysis
After the data were collected collection,
and before they were entered to computer
and analyzed, the questions of study were
encoded. An excel spreadsheet for data
entry. Afterwards, IBM SPSS Statistical
Package for the Social Sciences (SPSS
version 21) was used for statistical
analysis of the data. KolmogorovSimonov test was used to check the
compliance of quantitative random
variables with Gaussian curve (normal
distribution). Mean and SD (standard
deviation) were used to describe the
quantitative continuous variables which
were normally distributed. Independent
sample t-test was employed to assess the
statistical significance of difference
between the two groups. Median, mean
rank, arithmetic mean, and standard
deviation were used to describe the nonnormally distributed variables. Mann-
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The next analysis phase was obtaining an
equation to determine the sex of the
individuals on applying the value of the
variable. Table (3) presents the BLR
model for each variable. Based the model,
any detected value of <0.5 is regarded to
be female and equal to or more than 0.5 as
male. Afterwards, to test strength of each
model, the area under the Receiver
Operating Characteristic (ROC) curve was
used. Figures 5, 6, 7, and 8 present the
ROC curve of each variable. The area
under the curve is used to predict the
variable in sexing the crania. Both
methods were used to measure the
variables, leading to an area of 0.832 for
area of foramen, 0.809 for transverse
diameter, and 0.759 for sagittal diameter.
Moreover, all values of the area under the
curve are more than 0.6, which suggests
that the variables are significant
discriminants for the two groups, i.e.
males and females. Accuracy, specificity
and sensitivity are shown in Table (4).

Gender determination can be carried out
using
either
morphological
or
morphometric methodologies. In their
study, Kanodia et al. examined 100 dry
adult skulls without any bony abnormality
and 100 normal CT scans of posterior
cranial fossa (21). Shepur et al. studied 30
CT scan images and 150 dry skulls (23),
and Patel and Mehta studied 100
skulls (24). The results of all of these
studies showed that the sagittal diameter
was significantly bigger that the transverse
diameter, and this is consistent with the
foramen shape. The results of almost all of
these studies revealed that males had
higher mean foramen dimensions females.
This finding has also been observed by
other researchers such as Olivier (18),
Routal et al. (19), Sayee et al. (20), Gruber et
al. (21), Gargi et al. (22), and Raghavendra
Babu et al. (3). In their study,
Uthman et al. (1) used CT images to
measure the foramen magnum and
indicated that the foramen magnum area
and circumference measurements were the
best discriminant parameters respectively
with 69.3% and 67% accuracy rates.
Almost in line with that study, the results
of the present study indicated that
accuracy of area and sagittal diameter was
80.0% and for transverse diameter 71.0%.
The anatomic and radiographic methods
are may be the causes of these differs. In
our study we find no significant difference
in mean FMI between males and females
(P=0.30) same result as Gargi V. et al., (22)
(p=0.941by using cone beam computed
tomography imaging. On the subject of
FMC, Vidisha et al. (22) reported the
measurement as 108.1±7.1 for males and
102.2±6.8 for females, which were higher
than the ones obtained in the current
study. These differences can be
contributed to the differences between
radiographic and anatomic methods. The
mean value of FMC was found to be
102.8±6.2 for males and 92.2±9.4 for
females. These results are in line with
those of the current study. It is noteworthy
that the applied statistical analysis, the
sample study size, and the ethnic group
involved have a significant effect on the
observations of sex detection. In the
current study, the mean sagittal diameter
was 35.85 mm in males and 32.50 mm in

Discussion:
One of the important ways to form a
comprehensive base on sex determination
in medico legal cases is skull
morphometry. The skull, femora, and
pelvis are the most appropriate for
radiological determination of sex. When
the skeleton exists wholly, gender can be
detected with 100% precision in contrast
to cases of explosions, warfare, and other
mass disasters. Analytical methodologies
developed on skeletal data achieved from
European documented skeletal collections
have increased with the increasing
expertise of forensic anthropology in
Europe, which is evident by the setup of
academic association bodies like the
Forensic Anthropology Society of Europe
or FASE (25). Previously, no studies have
evaluated sexual dimorphism of the
foramen magnum region in a population in
the
Kurdistan
Region-Iraq.
Sex
determination in the human cranium is
generally depend on size differences and
strong city (26). These differences are
individual to each population and thought
to be affected by genetic, environmental
and socio-economic factors (27). Sexual
dimorphism is people specific (27).
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females, and the mean transverse diameter
was 26.23 mm in females and 29.67 mm
in males. Comparing the results of the
present study with those of the studies
mentioned above revealed that the mean
values are 3 to 5 millimeters lower, which
is likely to as a result of the ethnic
variation. The area in this study was
estimated
through
two
formulas:
Radinsky’s and Teixeria’s. Despite the
fact that the area values achieved through
Teixeria’s formula, Area (𝑇), were more
than those obtained through Radinsky’s
formula, Area (𝑅), the statistical analysis
performed by ROC and BLR showed the
area under the curve to be 0.832 for both
areas. In their study, Kanchan et al. (2013)
examined 118 dry skulls in south Indian
ethnic group and observed that the
foramen areas calculated using Teixeria’s
and
Radinsky’s formulas are better
predictors of sex than the transverse and
sagittal dimensions as indicated in the
present study. The current study indicated
the capacity of each dimension to predict
sex. It was observed that sex predictability
was highest for the area of 0.832 for area
of foramen, 0.809 for transverse diameter,
and 0.759 for sagittal diameter. Similar to
this observation are those reported by
Uthman et al. (69.3% for area) (1), and
Raghavendra Babu et al. who showed a
greater predictability for sagittal diameter

(86.5%) and area (81.6%, 82.2%) in
comparison with transverse diameter
(65.4%) (3).
Clinical relevance
The present study was aimed at
determining sex dimorphism of foramen
magnum dimensions. However, because of
enormous overlapping of female and male
values, depending solely on the foramen
measurements is not recommended.
However, given the high capacity of
foramen
magnum
dimensions
in
determining sex, as shown in the present
study and previously conducted ones, the
foramen measurements can be employed
as a supplement to other sexing evidence
available in order to exactly ascertain the
sex of the skeleton.
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Fig.(1): The skull base showing foramen
magnum transverse and sagittal diameters
measuring by RadiAnt DICOM viewer

Fig.(2): The values of foreman index
shown a high interindividual variability
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Fig.(3): A high interindividual variability
was observed in the values of transverse
diameter (mm)

Fig.(4): A high interindividual variability
was observed in the values of sagittal
diameter (mm)

Fig.(6): ROC curve for the predicted
chance of sagittal diameter

Fig.(5): A high interindividual variability
was observed in the values of Radinsky
area

Fig.(7): ROC curve for the predicted
chance of transverse diameter

Fig.(8): ROC curve for the predicted
chance of areas
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Table (1):- Descriptive analysis, means and ranges for all the dimensions in both sexes
using independent t-test

Sajital D.
Transverse D.
Radinsky area
Teixeria area
Foramen magnum
index
Circumference

Male
Range
Mean (SD)
26 - 42
35.84 (2.95)
24.6 – 34.9
29.67 (2.69)
612.2 –
834.45
1010.6
(100.79)
619.8 - 1017.4
845.09
(100.22)
64.7 – 132.3
83.42 (11.35)
88.2 – 113.0

102.8 (6.2)

Female
Range
Mean (SD)
19.8 – 39.9
32.50 (3.83)
20.2 – 32.7
26.23(3.00)
318.6 –
674.14
983.1
(134.72)
321.8 –
690.56
998.7
(137.97)
61.6 – 103.5
81.28 (9.28)

P
value*
< 0.001
< 0.001
< 0.001

63.3 – 111.5

< 0.001

92.2 (9.4)

< 0.001
0.30

Table (2):- Descriptive analysis, means and ranges for all the dimensions in both sexes
using Mann Whitney- test
Male
Sajital D.

Female
Mean rank
37.57

P
value*
< 0.001

Median
36.15

Mean rank
64.04

Median
32.25

29.80
842.30
853.57
82.73

66.29
67.61
66.94
52.76

26.70
658.67
672.27
80.02

35.04
33.90
34.74
48.24

< 0.001
< 0.001
< 0.001
0.44

103.5

67.02

91.5

33.98

< 0.001

Transverse D.
Radinsky area
Teixeria area
Foramen
magnum index
Circumference
* Mann Whitney- test

Table( 3):-The Binary Logistic Regression model for the determination of sex based on
the dimensions of the foramen

Step
1a

SagitalD
TransverseD
Teixeriaarea
Radiniskyarea
Constant

B
16.66
16.87
-0.65
-2.36
-543.09

S.E.
3.96
3.99
0.15
1.40
128.03

Wald
17.68
17.90
17.59
2.84
17.99

Sig.
0.00
0.00
0.00
0.09
0.00

Exp(B)
17169350.99
21169141.47
0.52
0.09
0.00

(The cut-off value is 0.5.)

Table( 4):-Sensitivity, accuracy, and specificity for the three foramen dimensions

Sagittal dimension
Transverse dimension
Areas

Sensitivity
76.0%
66.0%
74.0%

Specificity
84.0%
76.0%
86.0%
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Accuracy
80.0%
71.0%
80.0%

Area under curve
0.759
0.809
0.832
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