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Morphometric Evaluation of Foramen Magnum by Using
Computerized Tomographic Images
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ABSTRACT

Background: Foramen Magnum (FM) is the largest foramen of the skull and located in the most inferior portion of the cranium fossa as a
part of the occipital bone. It's traversed by vital structures like medulla oblongata. There are dimensional differences between males and
females which appeared larger in males.

Objectives: To evaluate the variations in types and radiological dimensions of the foramen magnum and to assess their relationship with
gender.

Methods: Cranial Computerized Tomographic Images (CT) of 150 adult patients (75 males and 75 females) were examined. The dimensions
of the FM and surface areas were estimated. Additionally, the types of FM were also described. After collection and checking of data,
Statistical Package for Social Sciences (SPSS) was used for data entry and analysis.

Results: A total of 150 patients were evaluated in the study, their age ranged (18 to 93 years), median age was 45 years.The most prevalent
type was hexagonal type (23.33%), followed by irregular type A (23%) and the lowest prevalent type (2%) was round. There were statistically
significant differences between males’ and females’' FM parameters, p<0.00. The mean sagittal diameter was 39.04 mm in males and 36.71
mm in females. The mean transverse diameter was 32.40 mm in males and 30.76 mm in females. The mean FM index was 71.45 in males
and 67.48 in females. The mean FM area/T was 1008.98 mm? in males and 901.08 mm? in females. The mean FM area/ R was 998.13 mm?Zin
males and 892.30 mm? in females.

Conclusion: It is concluded that the commonest type of the FM was hexagonally followed by irregular type A. Additionally, our results
illustrated that FM parameters were higher in males compared to females. Furthermore, types and parameters of FM should be taken into
consideration during radiological reports and during surgical interventions.
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Abbreviations: FM: Foramen Magnum; SPSS: Statistical Package for Social Sciences; CT: Computerized Tomographic; St D: Standard
Deviation; SD: Sagittal Diameter; TD: Transverse Diameter

of compression of these vital structures in cases
of FM herniation, FM meningiomas, and FM
achondroplasia [2].

Introduction

The base of the cranium is an important
anatomical structure, of great importance to

study especially for neurosurgeons, orthopedics  There are some differences in the characteristics

and radiologists. The foramen magnum is a big
hole localized in the posterior part of the cranial
base formed by the occipital bone. The lower
end of medulla oblongata, the vertebral arteries,
and the spinal accessory nerves pass through
it [1]. The surgical and clinical importance of
the FM dimensions is related to the possibility

of the skull bones and foramen magnum
between males and females [3]. It appears that
foramen magnum can be helpful in gender
determination. However, the related features may
vary in different ethnic groups [4-6]. Therefore,
FM dimensions can be used in forensic medicine
and anthropology for the determination of the
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human skulls’ gender [7-9].
m Aims of the study

To estimate the variation in types and parameters
of FM (sagittal diameter, transverse diameter,
FM index, and surface area) and to compare the
difference in the parameters of FM among males
and females.

Methodology
m Study design

A case series descriptive study using the revision
of cranial CT records of patients was applied in
this research.

m Study setting

The study was applied at National Cancer
Center-Benghazi, Libya. The center includes
radiological department where patients are
referred from other health care facilities for
radiological examination and diagnosis.

= Duration of study

The records of cranial CT during the period
from April 2018 to August 2018 were reviewed.

= Inclusion criteria of cases

Male and female patients aged 18 years and above
for whom cranial CT scan was recommended by
their physicians.

m Exclusion criteria of cases

Any male and female patients aged less than 18
years and other patients with history of trauma
to the base of skull were excluded.

= Tools

CT machine: Fast acquisition and high-quality
multi-slice CT (Philips Brilliance 6 Slice CT).

Equipment and measurements: Spiral cranial
CT scan with slice thickness of 2 or 4 mm was
done for the patients, the shape of foramen
was determined by two different investigators
to validated the findings. Sagittal diameter,
transverse diameter, FM index, and surface
area were calculated. The sagittal diameter was
considered as the maximum distance between
the anterior and posterior ends of the wall of the
foramen magnum and transverse diameter was
considered as the maximum width diameter of
the inner wall of the foramen magnum.

The following formula was used to calculate the
index of the foramen magnum:

Foramen Magnum Index=Sagittal

diameter+Transverse diameter/100.

The following formulas were used to calculate
the area of the foramen magnum:

Teixeira’s formula [10]:

FM Area=r [(Sagittal diameter+Transverse
diameter)/4]?

Ritual’s formula [2]:

FM Area=Sagittal diameter x Transverse diameter

x /4
= Data collection

A record sheet was used to collect data, which
included: age, gender, shape, sagittal diameter,
transverse diameter, index and surface area of

FM.
m Administrative approval

The approval of the director of the center was
taken before reviewing the records and collection
of required data.

m Statistical analysis

After collection of data and checking for missing
data, SPSS version 22 was used for data entry and
analysis [11]. Descriptive statistics were applied
as mean, standard deviation and presented in
tabular and graphical forms. Analytical statistics
were applied, using t-test for comparing means
of different parameters according to gender.

The test is considered to be significant when
p<0.05.

Results
m Personal characteristics

Equal proportion (50%) of cases were males and
females (Figure 1).

Table 1 reveals that the youngest aged 18 and
eldest was 93 years, median=45 years and mean
+ Std. deviation was 46.17 + 17.80 years.

m Description of FM

Regarding the shape of FM, there are different
shapes of FM were observed which classified
into eight types; Oval, Egg, Round, Tetragonal,
Pentagonal, Hexagonal type, Irregular type (A)
and Irregular type (B) as shown by Figure 2. The
most prevalent types hexagonal type (23.33%)
and the lowest prevalent type was round (2%).
Regarding the proportion of irregular type (A) it
was 23%. Equal proportions (14%) of patients
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Figure 1: Age distribution of studied foramen magnum
of studied patients.

Table 1: Descriptive statistics of age of foramen
magnum of studied patients.

Descriptive statistics of age Values in years

Mean 46.17

Median 45

Mode 18

Std. Deviation 178 Figure 2: Types of foramen magnum of studied patients.

Minimum 18

Maximum 93

25.00% 23.33% 23.00%

had irregular type B and oval as illustrated by
Figure 3. 20.00% - 14.00%

= Parameters of FM |
15.00% ]

Comparative statistics with the maximum and sere
minimum values, means and standard deviations
for each dimension of the FM in both males and
females are presented in Table 2. Regarding the
sagittal diameters of male and female patients; 5.00%
the maximum and minimum values were 46.40

mm and 30.50 mm and 46.00 mm and 26.2 mm 0.00% '
respectively. Their means + St D, were 39.04 +

3.71 mm and 36.71 + 3.69 mm respectively.

10.67%

10.00%

4.00%

. . . . . X
These differences were statistically significant ¢ & N

(p<0.000).

. . Figure 3: Distribution of patients according to types of foramen magnum of studied patients.
Concerning, the transverse diameters of male

and female patents; The maximum and

minimum values were 42.20 mm and 27.10 mm  According to Teixeira’s formula which was used
and 41.60 mm and 21.90 mm respectively. Their  for calculating the surface area, the maximum
means + St D, were 32.40 + 3.11 mm and 30.76  and minimum areas of males were 1537 and
+ 3.22 mm respectively. These differences were 716 mm?and females were 1362 and 539 mm?
statistically significant (P<0.002). respectively. There were statistically significant
differences between males’ mean + StD and
females (1008.98 + 170.34 mm?and 901.08 +
165.51 mm? respectively), p<0.000.

The male FM index maximum was 88.50 and the
minimum was 60.40, these values were greater
than females (83.30 and 52.40 respectively).
Mean + St D of males’ FM index (71.45 + 5.97)  When Ritual’s formula was used for calculating
was significantly higher than females (67.48 + the surface area, similar findings were observed.
6.20), p<0.000. Males had higher values of maximum and
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Table 2: Minimum, maximum, means, standard deviations and P values of foramen magnum parameters of studied males and

females.

respectively) compared to females (1347 and 533
mm? respectively). There were also significant
statistical differences between the means + SD of
males and females; (998.13 + 168.32 and 892.3
+ 164.67 mm? respectively), (p<0.002).

Discussion

The types and parameters of FM regarding had
been studied by many investigators. Based on
the findings of our study, the most common
types of foramen magnum were both irregular
type(A) and hexagonal type. Similarly, Zaidi and
Dayal reported that the hexagonal type is the
most common type [12]. On the other hand,
many studies revealed that ovale type is the most
common [13-15]. Murshed et al. [2] and Sharma
et al. [15] found out that the most common type
was round type. The tetragonal type was reported
to be the most common type by Sindel et al.
[16]. The difference in most common type of FM
could be attributed to different ethnic groups
studied by these researches. Murshed et al. and
Chethan concluded similar opinion [2,17,18].
The variations in types of FM are important in
neurological interpretations in case of ovoid type,
surgeons during operative procedures may find
difficulty to explore the anterior portion of FM.

The present study revealed that the parameters
associated with the FM such as sagittal diameter,
transverse diameter, index, and FM area were
larger in males compared to females.These
findings are in accordance with bulk of studies.
Overall, our findings of various parameters
were relatively higher than those found in the
previously mentioned studies. Concerning with
the imaging of FM, the present study detected
that the studied Libyan population’s parameters

were larger compared to other ethnic groups
[2,5,10,18-25].

Furthermore, the present study illustrated that
the mean sagittal diameter was 39.04 mm in
males and 36.71 in females. The mean transverse

Male (n=75) Female (n=75)
Measurements of FM Mean SD Max Min Mean SD Max Min p-value
Sagittal diameter in mm 39.04 3.71 46.4 305 36.71 3.69 46 26.2 0
Transverse diameter in mm 324 3.1 42.2 271 30.76 3.22 41.6 219 0.002

FM index 7145 5.97 88.5 60.4 67.48 6.2 833 524 0

FM area/T mm? 1008.98 170.34 1537 716 901.08 165.51 1362 539 0

FM area/R mm? 998.13 168.32 1534 716 892.3 164.67 1347 533 0

minimum values (1534 and 716 mm? diameter was 32.40 mm in males and 30.76 in

females. The mean FM index was 71.45 in males
and 67.48 in females. The mean FM area/T
was 1008.98 mm?in males and 901.08 mm? in
females. The mean FM area/ R was 998.13 mm?
in males and 892.30 mm?in females.

Though, it was reported high parameters values
such as; the mean sagittal diameter was 37.71
mm in males and 34.37 in females, the mean
transverse diameter was 31.68 mm in males
and 28.34 in females,the mean FM area/T was
946.66 mm? in males and 773.96 mm? in females
and the mean FM area/R was 939.47 mm? in
males and 766.81 mm? in females [14]. Still,
our findings are considered higher compared
to their findings. It seems that different ethnic
groups have differences in the dimensions of
the foramen magnum. Another reason for these
differences could be related to the different
measurement techniques or due to the variety of
studied samples.

After puberty, age does not affect the parameters
of the foramen magnum. Therefore, differences
in the results of various studies could not be due
to the age of the samples and there is no need to
consider age while determining the parameters
of the foramen magnum.

Conclusion

It is concluded that the commonest type of the
FM was hexagonally followed by irregular type
A. Additionally, our results illustrated that FM
parameters were higher in males compared to
females. Furthermore, types and parameters
of FM should be taken into consideration
during radiological reports and during surgical
interventions.

Recommendations

Further studies using a larger population size
to enable us to generalize the findings for the
Libyan population.
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