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Background: The foramen magnum provides a transition between fossa cranii
posterior and canalis vertebralis. Medulla oblongata, arteria vertebralis and nervus accessorius spinal part pass through the foramen magnum. In this study, we
aimed to make the morphometric measurements of the foramen magnum on
computed tomography (CT) and to determine the feasibility of sex determination
based on these measurements. Besides sex determination, from a clinical aspect,
it is important to know the measurements of the foramen magnum in the normal
population in terms of diseases characterised by displacement of the posterior
fossa structures through foramen magnum to upper cervical spinal canal such as
Chiari malformations and syringomyelia.
Materials and methods: All the data for our study was obtained retrospectively
from 100 patients (50 males, 50 females) who had a CT scan of the head and
neck region in Adnan Menderes University Hospital, Department of Radiology. To
examine the foramen magnum in each and every occipital bone, we measured
the foramen magnum’s anteroposterior diameter, transverse diameter, the area
of the foramen magnum and its circumference.
Results: We found that men have a higher average value than women in our
study. According to Student’s t-test results; in all measured parameters, there is
significant difference between the genders (p < 0.05). When multivariate discriminant function test is performed for all four measurements, the discrimination
rate is 64% for all women, 70% for all men and 67% for both genders.
Conclusions: As a result of our study, the metric data we obtained will be useful
in cases where the skeletons’ sex could not be determined by any other methods.
We believe that, our study may be useful for other studies in determining of sex
from foramen magnum. Our measurements could give some information of the
normal ranges of the foramen magnum in normal population, so that this can
contribute to the diagnosis process of some diseases by imaging. (Folia Morphol
2018; 77, 1: 99–104)
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INTRODUCTION

theories about the development of syringomyelia
associated with Chiari malformations [4, 11]. Some
studies have proved that foramen measurements show
deviations from normal ranges in such diseases [3, 26].

Gender is one of the main biological properties
that can be determined from skeletal remains. By
looking at the pelvis and cranium from a full skeleton
the accuracy of sex determination is almost 100%
[16]. When the skeleton is partial; different bones of
the skeleton play an important role in determination
of sex from the skeleton. Particularly, the pelvis and
cranium, long bones such as the femur, tibia, ulna, humerus and radius, sternum, calcaneus, talus and lots
of other bones were used by many researchers for this
purpose [2, 5, 14, 15, 19, 20, 22]. Sex determination
can be very challenging in the cases of comminuted
ancient skeleton remnants, mass disasters like war
zones and plane crashes, comminuted skeleton remnants in terrorist attacks or explosions [17]. Therefore
more resistant small skeleton remnants in such cases
can be important in sex determination. The foramen
magnum, which is in occipital bone, is one of these
resistant skeleton parts. The cranial base can provide
better results than any other parts of the skull due
to its relative thickness, protectivity due to its anatomical position and resistance to physical damage.
Therefore, this region has an important role in the
process of sex determination [24].
In recent years, forensic databases can be obtained from skeleton remnants with the help of computed tomography (CT) in forensic medicine [25].
Magnetic resonance imaging (MRI) and particularly
multi-detector CT are widely used for post-mortem
examinations [21].
In most of the previous studies about morphometric measurements, dry bones were used [6]. In our
study the foramen magnum from three-dimensional
(3D)-CT images of the Turkish population were measured with the aim of determining whether these
measurements were useful for sex determination.
There are many diseases that can affect the measurements of the foramen magnum, with Chiari malformation being the primary. Chiari malformation is
a congenital anomaly of the craniovertebral junction
and hindbrain, which is associated with variable displacement of the posterior fossa structures through
the foramen magnum to the upper cervical spinal
canal. Syringomyelia is a chronic process in which
longitudinal cystic spaces develop in the spinal cord
and, therefore, spinal cord compression results in
neurological findings. Syringomyelia and Chiari malformations are very closely related and there are many

MATERIALS AND METHODS
Before commencing the study, approval was obtained from the Adnan Menderes University Noninterventional Clinical Trials Ethics Committee. All the
data for our study was obtained retrospectively from
100 patients (50 males, 50 females, adults between
the ages of 19–88) who had a CT scan of the head and
neck region in Adnan Menderes University Hospital,
Department of Radiology, between January 2014 and
January 2015. All demographic information was obtained from their recorded clinical files. Patients, who
had head and neck examinations with non-specific
symptoms (headache, dizziness etc.) were included
in the study, however, patients with fractures and
advanced degeneration in the head and neck region
were excluded.
Routine CT protocol for the head and neck region
was used for this study, so there was no need for
a new CT protocol. An 80-row detector 160 slice CT System (Aquilion Prime, Toshiba Medical Systems, Nasu,
Japan) and high-resolution parameters (80 × 0.5 mm
detector collimation, 1 mm slice section thickness, 120
kV) were used to obtain transverse, sagittal and coronal images. The slice in which the foramen magnum
was widest was obtained from the images parallel to
the foramen magnum. In this slice, first the widest
anterior-posterior (AP) diameter and transverse diameter was measured. This was followed by measuring
the area of the foramen magnum by manually drawing automatic area calculator programme (Figs. 1, 2)
The measurements were reobtained after 2 weeks
by the same person and the average of these two
measurements were noted.
Statistical analysis

All data obtained were analysed using SPSS 18.0
software. Compliance of the normal distribution of
data were analysed by Kolmogorov-Smirnov test.
Because all variables were normally distributed, descriptive statistics were shown as mean ± standard
deviation (SD). In comparison of sex groups, Student’s
t test was used. Using discriminant analysis, we then
calculated as a percentage, the rate at which gender
could be correctly identified.
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± 1.09 cm2. In women mean AP diameter was 32.99 ±
± 2.65 mm, transverse diameter was 28.4 ± 2.72 mm,
circumference was 113.08 ± 9.09 mm and area was
7.27 ± 0.9 cm2. According to Student’s t-test results,
in all measured parameter there was significant difference between the genders (p < 0.05). In all of the
measured variables, men had higher average values
than women (Table 2).
The discriminant function analyses of all measurements related to the foramen magnum are shown in
Tables 3 and 4. In Table 3, the arithmetic means of
the values are shown. Every measurement from the
foramen magnum was considered as univariate for
gender discrimination and according to univariate
discriminant function test, the most reliable variable
was AP diameter with 69% gender discrimination
value. In women the most reliable discriminant variable was area with 72%. In men the most reliable
discriminant variable was transverse diameter with
68% (Table 3). When multivariate discriminant function test was performed for all four measurements,
the discrimination rate was 64% for all women, 70%
for all men and 67% for both genders (Table 4).

Figure 1. Foramen magnum anterior-posterior (AP) diameter on
sagittal plane.

DISCUSSION
There are some extraordinary situations where
sex determination is required, such as in the case
of explosions, terrorist attacks, mass disasters like
earthquakes and plane crashes. Such situations are
extraordinary because it is not possible to utilise the
whole skeleton, so sex determination needs to be
done with smaller skeletal remains. Sex determination with small pieces will save time and reduce the
costs for forensic anthropologists before starting
detailed research (DNA analysis, etc.) [10]. Due to
its anatomical position and endurance, the foramen
magnum can be used for sex determination. The foramen magnum has accordingly attracted the attention
of researchers for this purpose.
As we reviewed the literature, most of the studies
about the foramen magnum were done mostly on dry
bones [9]. Today all these measurements can be obtained from radiological images. The measurements
by Gabert et al. [8] on skeletons from 18th and 19th
century from the foramen magnum with univariate
functions sex determination accuracy is 68.8% and
with multivariate functions this number is 70.3%. According to the study by Raghavendra Babu et al. [23],
on dry skulls’ of Indian population, receiver operating
characteristic analysis shows that the transverse diam-

Figure 2. Foramen magnum transverse diameter, area and circumference on axial plane.

RESULTS
All measurement findings, obtained from 3D-CT
images of 100 (50 women, 50 men), are shown in
Tables 1–4. After reviewing all 100 images, mean AP
diameter was 33.86 ± 2.58 mm, transverse diameter
was 29.48 ± 2.68 mm, circumference was 116.45 ±
± 10.21 mm and area was 7.72 ± 1.09 cm2 (Table 1).
In men mean AP diameter was 34.73 ± 2.21 mm,
transverse diameter was 30.47 ± 2.25 mm, circumference was 119.82 ± 10.23 mm and area was 8.17 ±
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Table 1. Descriptive statistics of the variables
Variables

N

Minimum

Maximum

Mean

SD

Anterior posterior diameter

100

27.30

39.54

33.86

2.58

Transverse diameter

100

21.90

35.76

29.48

2.68

Circumference

100

86.60

162.00

116.45

10.21

Area

100

5.39

11.00

7.72

1.09

Female (n = 50)

Male (n = 50)

SD — standard deviation

Table 2. Sex differences for variables
Variables

Sex differences

Mean ± SD

Mean ± SD

T-value

P-value

Anterior posterior diameter

32.99 ± 2.65

34.73 ± 2.21

3.541

< 0.001

Transverse diameter

28.4 ± 2.72

30.47 ± 2.25

3.973

< 0.001

113.08 ± 9.09

119.82 ± 10.23

3.384

< 0.001

7.27 ± 0.9

8.17 ± 1.09

4.497

< 0.001

Circumference
Area
SD — standard deviation

Table 3. Accuracies and demarcation points resulted from univariate discriminate function analysis
Variables

Original accuracy (%)

Demarcation points
[mm]

Male

Female

All groups

Anterior posterior diameter

68

70

69

F < 33.86 < M

Transverse diameter

68

64

66

F < 29.48 < M

Circumference

58

66

62

F < 116.45 < M

Area

64

72

68

F < 7.72 < M

F — females; M — males

Table 4. Multivariate discriminant function analysis
Variables

Unstandardised
coefficient

Wilks’ lambda

Centroids

Original accuracy (%)

Male

Female

Male

Female

All groups

0.493

–0.493

70

64

67

Constant = –14.002
All four variables

0.829*

Anterior posterior diameter

0.164

0.801*

68

70

69

Transverse diameter

0.149

0.887*

68

64

66

Circumference

0.010

0.867*

58

66

62

Area

0.379

0.890*

64

72

68

Discriminant function equation = −14.002 + (0.164 × FMAP) + (0.149 × FMT) + (0.010 × FMC) + (0.379 × FMA). A discriminant function score greater than 0.000 indicates male
and less than 0.000 indicates female. All sectioning points are zero.*Significant (p < 0.01).

eter’s estimation rate is 65.4%, the anterior posterior
diameter’s estimation rate is 86.5% and with different
formulation of area the estimation rate is as high as
81.6% and 82.2% [23]. On the contrary, according

to Kamanth et al. [13] the estimation rate is 70.3%
with area measurement. The study of Uthman et al.
[27], in which the foramen magnum measurements
done through CT images, revealed that the foramen
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magnum circumference and area measurements were
best discriminant parameters with 67% and 69.3%
accuracy rates. In addition to that, using multivariate
analysis they found that the gender was detected
correctly in 90.7% of men and 73.3% of women
[27]. In our study, we tested the availability of the
sex determination of the measurements made from
the foramen magnum of the Turkish population. Two
statistical models are prominent in the evaluation of
metric data obtained for sex determination. One of
these models is based on regression equations, and
the other is based on discriminant functional analysis.
In this study we used discriminant functional analysis.
According to the univariate discriminant function
test, the most reliable variable in our results is AP
diameter with 69% discrimination rate. In this respect,
our results were close to the results of Raghavendra
Babu et al. [23]. When a multivariate discriminant
function test was performed, this variable was able
to detect 64% of women and 70% of men. According
to the study of Uthman et al. [27], with multivariate
discriminant function, the detection rate is 90.7% for
men and 73.3% for women, which is higher than our
results [23]. We believe that the difference is based
on variability of genetic and environmental factors
between the populations tested.
Besides the foramen magnum, there are many
other regions within the cranium which have been
used for sex determination. Dong et al. [7] found that
with the measurements obtained from CT images of
the mandible, the sex determination rate was 84.2%.
Jain et al. [12] showed that from the measurements
of mastoid triangle and opisthion-bimastoid triangle,
asterion-mastoidale length has an 80% and mastoid
breadth has a 75% determination rate. In the study
of Akhlaghi et al. [1], where they reviewed the frontal
sinus parameters from paranasal sinus CT images,
they found that the left frontal sinus maximum height
has a 61.3% determination rate.
The foramen magnum measurements will help to
enlighten the pathophysiology of Chiari syndrome,
basilar invagination, as well as sex determination.
According to a study by Aydin et al. [3], in 60 patients with Chiari type I malformation and 30 patients
in control group, the foramen magnum anteroposterior and midsagittal diameters were significantly
increased in patient group compared to the control
group, in MRI of posterior cranial fossa [3]. In a case
report of Ulutabanca et al. [26] with Chiari type I
malformation, they emphasized the effectiveness

of the foramen magnum and posterior cranial fossa
measurements in differential diagnosis of tonsillar
herniation and the estimation of surgical results of
Chiari type I malformation [26]. In their study of
17 Chiari type I malformation patients and 30 control
patients, Noudel et al. [18] emphasized that the foramen magnum measurements had a greater mean
in the patient group than in the control group MRI.
Our results demonstrate the mean measurements
of the foramen magnum with CT images in normal
population.

CONCLUSIONS
As in other regions of the skeleton and cranium,
our study showed that the foramen magnum can be
used for sex determination. The data from this study
would contribute to the literature on sex determination of the Turkish population. This study also provides
guidance on how CT can be used for anthropological
studies. Our measurements may contribute to the
radiological diagnosis of some diseases by giving
and idea about the measurements of the foramen
magnum of the normal population.
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