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ABSTRACT

The objectives of the present study were to determine the type and morphometric
measurements of Foramen magnum (FM) in dry human skulls of Dakshina Kannada district
of Southern India. Material and Methods: The present study included 50 adult human skulls
of which 32 were males and 18 females. The type of foramen magnum observed
macroscopically. Antero-posterior (APD) and transverse diameters (TD) were measured by
using stainless steel electronic digital callipers. Foramen magnum Index (FMI) was
calculated by using formula FMI = APD/TD. Results: Present study observed 4 types of
shapes of foramen magnum, among them ovoid type was found higher frequency (48%).
Antero-posterior diameter is a distance between Basion and Opisthion 34.95 mm in males
and 34.58 mm in females out of 34.81 mm. The transverse diameters 28.66 mm in males and
28.84 mm in females out of 28.73 mm. Foramen magnum index > 1.2 was considered as
ovoid and found in 56% of skulls. Conclusion: We believe that the present study provided
additional information about the morphology and morphometric analysis of foramen magnum
which is important to radiological, and neurosurgical literature.

Keywords: Morphometry, Foramen magnum, Adult dry skull, Dakshina Kannada, India.

1. INTRODUCTION :

Cranio-vertebral junction is a complex region
during the embryonic developmental process,
which involves notochord as an inducer of
neuro ectodermal differentiation and paraxial
mesoderm as precursor to bone and skeletal
muscle [1]. Foramen magnum (FM) is largest
foramina in the base of the skull which
communicates the posterior cranial fossa with
the vertebral canal through which lower part of
medulla oblongata, upper part of spinal cord,
meninges, vertebral arteries, spinal arteries,
accessory nerve. Qccasionally tonsil of
cerebellum projecting on each side of the brain
stem [2]. Knowledge of foramen magnum
diameter is important because transverse
diameter is more in cases such as Arnold chiari
syndrome [3]. Also one who approaches the
cranio-vertebral junction surgeries need to
know about the morphometric analysis of

foramen magnum.
2. MATERIAL AND METHODS :

Present study included 50 adult human skulls
of which 32 males and 18 females were
obtained from the Department of Anatomy
Srinivas Institute of Medical Sciences &
Research centre Mukka, Mangaluru. The
skulls which exhibited pathological changes
and congenital anomalies were excluded from
this present study.
Following criteria were followed and studied
1. Four types of shape of the foramen
magnum were assessed macroscopically
and were photographed (Fig-1). Such as
oval, round, tetragonal and hexagonal.
Antero-posterior diameter (APD)
Transverse diameter (TD)
4. Foramen magnum index (FMI) was
calculated by using the formula FMI=

wmn
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Two bony landmarks were identified

Basion: it is a Greek terminology(Greek, basis,
a base) [4] the midpoint of anterior margin of
foramen magnum of occipital bone opposite
the Opisthion. Opisthion is a Greek
terminology (Greek —opisthios, posterior) [4]
the midpoint on the posterior margin of
foramen magnum of occipital bone opposite
the basion. Antero-posterior diameter (APD)
was calculated as distance between the two
points, i.e. basion and Opisthion. Transverse
diameter was measured as length of a line
drawn perpendicular to the previous line at the

point on maximum curvature of lateral
margins of foramen magnum of occipital bone.
All the measurements were performed by
using the stainless steel electronic digital
calliper 0-150 mm with an accuracy of 0.1mm
and mean and Standard deviation were noted.
The data collected tabulated and statistically
analysed. Unpaired Mann-Whitney  test
followed for comparison between the genders.
The p wvalue 0.05 was considered as
significant. The measurements were taken
thrice by independent observers, in order to
reduce the chances of variability of the data
and to minimise the bias errors.

OVAL 48%

TETRAGONAL
S 30%

APD- Anteroposterior Diameter, TD- Transverse Diameter

Fig 1: Base of the skull showing the shapes of foramen magnum

3. OBSERVATION & RESULTS :

The present study observed 4 types of shapes
of foramen magnum. Among them oval shape
was higher in frequency in both male and
female as well. This type was found in 16
skulls of males (50%) and 8 skulls of female
(44.44%), out of 24 skulls (48%). Round shape
was found in 5 skulls of males (15.625%), 3

skulls of females (16.666) out of 8 skulls
(16%). Tetragonal shape of foramen magnum
found in 9 skulls of males (28.125%) and 6 in
Female skulls (33.33%) out of15skulls in both
the sex (30%). Hexagonal shape of foramen
magnum found in 2 male skulls (6.25%), 1 in
female skull (5.555%) out of 3 skulls of both
the sex (6%).
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Shape MALE % FEMALE | % TOTAL %
OVAL 16 50 8 44.44 24 48
ROUND 5 15.625 3 16.666 8 16
TETRAGONAL | 9 28.125 6 33.333 15 30
HEXAGONAL |2 6.25 1 5.555 3 6

32 100% 18 100% 50 100%
Table 2: Showing the regional comparison of frequency of different types of foramen magnum with
present study.
Authors Population Oval Round | Tetragonal | Hexagonal
Keshav Krishna et al | Northern India 58.8% 8.82% 17.6% 11.8%
(2016) [5]
Anil  kumar et al | Oman 50% 20% 6% 8%
(2015) [6]
Radhika P.M et al | Southern India 40% 20% 6% 6%
(2014) [7]
Sampada. P.K et al | Southern India 58 9 8 3
(2017)[8]
Present study Dakshina Kannada | 48% 16% 30% 6%
n=50 District of Southern

India

Hexagonal
6%

N

Figure 2: Showing the frequency of the different types of Foramen magnum was observed in
the present study (n=50)

Table 3: The Antero-posterior diameter and transvers diameter of foramen magnum in present study

(n=50)

Antero-Posterior Diameter | Transverse Diameter
(mm) (mm)

Mean 34.81+£1.79 28.727 + 1.37

SEM 0.252 0.193

Minimum 30.073 24.327

Median 34.567 28.90

Maximum 39.60 31.40

Table 4: The comparison of Antero-posterior and transvers diameter of foramen magnum gender wise

in present study

Antero-Posterior Diameter Transverse Diameter
Measurements (APD) (TD)
inmm Male (n=32) | Female (n=18) | Male (n=32) Female (n=18)
Mean 34.95 + 2.05 34.58+ 1.20 28.66 +1.42 28.84 +1.32
SEM 0.362 0.283 0.250 0.310
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Minimum 30.07 31.55 24.40 24.33
Median 34.56 34.62 29.05 28.88
Maximum 39.6 36.99 31.40 30.56

Table 5: Frequency and percentage of foramen magnum index (FMI)

Male Female Total
(n=50) No. of | % No. of | % No. of | %
frequency frequency frequency
<1.20 14 43.75 | 08 44.44 | 22 44
>1.20 18 56.25 |10 55.55 | 28 56
Total 32 18 50 100

Table 6: Showing the comparison of Antero-posterior and Transverse diameter of previous studies

Authors Population Antero-posterior Transverse
Diameter (APD) Diameter (TD)
Kizilkant et al (2006) [9] Turkey 34.8 29.6
Manoel et al (2009) [10] Brazilian 35.4 29.85
Radhika P M et al (2014) [14] Southern India 35.3 29.4
Osun woke et al (2012) [11] Nigerian 36.1 29.5
Sampada P K et al (2017) [8] Southern India 34.84 29.39
Keshav Krishna et al (2016) [5] Northern India 34.06 27.83

Present study Dakshina Kannada | 34.81 28.72
District of Southern
India
4 DISCUSSION - 34.84mm(Sampada et al) [8] and almost

It is advisable to have the proper idea about
the topography and types of the foramen
magnum before approaching the cranio-
vertebral junction surgical procedures. The
present study also showed four types of
foramen magnum. There are few studies
available across the world about the
topography and shape of foramen magnum
among the different population. In this study
the shape of the foramen magnum observed
macroscopically and also cross verified with
the foramen magnum index. Oval shape is
considered when the foramen magnum index
is > 1.2. Present also confirmed the most
common type was oval shape (48%) of FM
which is similar to the previous studies. Some
of the authors found round shape as most
common [12-13].

The comparison of frequency of different
types of FM is represented in Table 1, and
Fig.1, 2. In this study also observed the gender
wise antero-posterior diameter and transverse
diameterfound almost similar to previous
studies. Antero-posterior diameter (34.84mm)
is similar to Turkish population 34.8mm
(Kizilkant et al)[9] Southern Indian population

similar tolndian population35.3mm,(Radhika
et al) and 34.06mm [14]. Whereas transverse
diameter is similar to Nigerian population
29.5mm [11] and almost similar to Indian
population 27.83mm (Keshav et al) [5] and
29.4mm [14] (Radhika et al).

Ovoid shape of the foramen magnum has
difficult surgical approach to anterior part of
the FM. Variations in the morphometry and
shape of FM is associated with various clinical
problems. Cerebellar tonsillar herniation is
associated with  larger  Antero-posterior
diameter [15]. Arnold-chiari malformation is a
condition where anomalous development of
occiput leads to decreased posterior cranial
fossa volume(Osun woke et al).Therefore it is
wise to know the exact morphometry and
shape of FM during surgical intervention.

5. CONCLUSION :

We believe that the present study has provided
the additional information about the
morphology and morphometric analysis of
foramen magnum which is important to the
anaesthetists, radiologists, orthopaedists and
neurosurgeons, while performing the head and
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