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Introduction:-

The foramen magnum is the largest foramen in the occipital bone at the base of the skull, forming a crucial
anatomical component of the craniovertebral junction (CVJ) [1-2]. It transmits several important structures,
including the medulla oblongata, vertebral arteries, anterior and posterior spinal arteries, membrana tectoria, alar
ligaments, and the spinal component of the accessory nerve into the cranial fossa [2]. Additionally, significant neural
elements, such as the 7th to 12th cranial nerves, cervical spinal nerves, brainstem, rostral aspect of the spinal cord,
cerebellum, and vermis, along with various vascular structures like the vertebral artery and its branches, meningeal
vessels, and venous sinuses, are closely associated with the posterior cranial fossa (PCF) and the foramen magnum
(FM) [3,4].

The foramen magnum holds a critical importance in anatomy, anthropology, forensic medicine, and neurosurgery.
Its dimensions and shape are pivotal in neurosurgery, where precise knowledge of its size is essential for procedures
involving the craniovertebral junction. Variations in shape and size that result in a smaller foramen magnum
aperture can compress neurovascular structures, particularly in conditions such as basilar invagination. Conversely,
a larger foramen magnum may provide more space through which the brainstem can protrude.

Understanding the morphometric anatomy of the foramen magnum is therefore vital for assessing associated
pathologies and planning surgical interventions in this region. Additionally, forensic scientists and anthropologists
rely on morphometric data of the foramen magnum for sex estimation and population studies.

The present study aimed to observe the variations in the shape of the foramen magnum and to assess its
anteroposterior and transverse diameters, calculate the area of the foramen magnum and determine the foramen
magnum index in North Indian dry skulls.

Materials and Methods:-
Study type- It is a quantitative cross-sectional observation study.
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Sample Collection

The study sample comprised100 dry, intact adult fully ossified human skulls from the Anthropology Museum of the
Department of Anatomy, G.S.V.M. Medical College, Kanpur. All the measurements were done by digital vernier
caliper.

Inclusion Criteria-
Intact skulls were included in the studies.

Exclusion Criteria-
Broken skulls were excluded from the studies.

Methodology:-
The study included nonmetric and metric parameters of foramen magnum as follows-

Non MetricParameter:

Shapeof foramen magnum for variations- The shape of FM was observed on the inferior basal view of the skull. The
shape of the foramen magnum was classified based on visual inspection into five categories: oval, round, hexagonal,
pentagonal, tetragonaland egg-shaped.

Metric Parameters-
1. Anteroposterior Diameter/ McRae line (ML)- distance between basion and opisthion.
2. Transverse Diameter-the maximum distance between two lateral margins
3. Area of the foramen magnum (FMA): The area ofthe Foramen magnum was calculated using a formula derived
by Radinsky [4,5,6].
Radinsky’s Formula (FMA): 1/4 x 3.14 x FML x FMW mm?
Where, (mathematical constant) = 3.14,
FML = Foramen magnum length
FMW = Foramen magnum width.
4. Foramen magnum index (FMI) : Calculated by

Foramen magnum width x 100 / Foramen magnum length [5,7].Statistical Analysis of the data was done.Non-Metric
parameter was analysed in percentage while Metric parameters were analysed in range, mean, and standard
deviation.

Results:-

Shape Classification-

The distribution of shapes of the foramen magnum was Hexagonal 22%, Pentagonal 18%, Tetragonal 18%, Egg
Shaped 16%, Round 14% and Oval 12 %. (Table 1); (Fig 1-6)

Morphological variants of the shape of | Number of skulls (n=100) Percentage
foramen magnum

Hexagonal Shape 22 22%
Pentagonal Shape 18 18%
Tetragonal Shape 18 18%

Egg Shape 16 16%
Round Shape 14 14%

Oval Shape 12 12%

Table 1:- Showing the shape of the Foramen Magnum in north Indian skulls.

The mean Anteroposterior Diameter of Foramen Magnum was 33.90 mm with a standard deviation (SD) of 2.20
mm. The range of APD was 29.24-37.88 mm. It had a mean Transverse Diameter (TD) of 27.82 mm with a standard
deviation (SD) of 2.25mm. The range of TD was 23.59-32.20mm.The mean area of Foramen Magnum was
742.91+99.95 mm?and a range of 560.72-946.78 mm®. The mean Foramen Magnum Index (FMI) was 82.10+4.84
with a range of 72.10-92.82. (Table 2)

Parameters Range Mean

Anteroposterior Diameter (mm) 29.24-37.88 33.90 £ 2.20
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Transverse Diameter (mm) 23.59-32.20 27.82 £2.25
Foramen Magnum Area (mm®) 560.72-946.78 742.91+99.95
Foramen Magnum Index 72.10-92.82 82.10+4.84

Table 2: - Showing morphometric parameters of Foramen Magnhum.

Discussion:-

The foramen magnum is the largest opening in the occipital bone at the base of the skull, transmitting the medulla
and its meninges, vertebral arteries, spinal vessels, and ligaments [1,2,3]. Normal morphological variations of the
posterior cranial fossa (PCF) and foramen magnum (FM) exist across different geographical areas, races, and
religions. Factors such as gender, genetics, and the environment also influence the morphometry of these structures
[4,8,9]. The morphological features of the foramen magnum have undergone evolutionary changes, giving this
region special anthropological significance [10,11,12]. Measurements of the FM are crucial when addressing lesions
in the PCF and craniovertebral junction (CVJ) regions. During surgical procedures, information about the
morphometry, morphology, and variations of the FM can impact surgical outcomes [4].

The foramen magnum is formed by the four portions of the occipital bone (two lateral, one squamous, and one
basal) and can present different shapes [5]. It is formed by sclerotomes of the first four somites, which eventually
fuse to form the occipital bone and the posterior element of the foramen magnum. The fourth sclerotome (proatlas)
consists of three portions: the hypocentral, the centrum, and the neural arch, which divides into ventro-rostral and
dorsal-caudal components. The ventro-rostral portion gives rise to the occipital condyles and the anterior margin of
the FM. This process involves distinct ossification: the superior part of the squamous portion undergoes
intramembranous ossification, while the other portions go through endochondral ossification. Any anomaly or
malformation during the process of formation of foramen magnum can result in different shapes of the foramen
magnum [13].

The shape variation of the FM holds potential for forensic and anthropological applications, such as sex estimation
from skeletal remains. This study observed variations in the shape of the foramen magnum, including hexagonal,
pentagonal, tetragonal, egg-shaped, round, and oval forms. Previous researchers, such as Zaidi and Dayal, Murshid
et al., and Radhakrishna et al., also described these variations in their studies [14,15,16]. The shape of the FM is
clinically significant regarding various surgical approaches. Differences in the frequency of FM shapes have been
reported, potentially due to geographical, gender, and racial variations. Most literature describes the commonest
shape as oval [17,18,19,20,21] amongst the other shapes as. However, in this study, the distribution of FM shapes
was hexagonal (22%), pentagonal (18%), tetragonal (18%), egg-shaped (16%), round (14%), and oval (12%), with
the most common shape being hexagonal (22%). Another study [4] also reported the most common shape as
hexagonal (32.5%), followed by oval (22.5%). The study reported the occurrence of round (20%), tetragonal
(5.83%), pentagonal (6.67%), irregular (7.50%), and egg-shaped (5%) foramen magnum as well [4]. Muthukumar et
al. reported that if the FM is oval, a wider resection is required compared to a circular shape during surgeries [18].

Measures of the foramen magnum are relevant in cases of achondroplasia (due to the high risk of spinal cord
stenosis at the base of the skull), Arnold-Chiari malformation (downward herniation of the cerebellar tonsils),
foramen magnum meningioma, plagiocephaly, basilar invagination, and other cranial deformities. The expansion of
the transverse diameter is observed in Arnold-Chiari syndrome [5]. Although studies have reported that FM
measures are higher in males than in females [22,23,24], Kamath et al. (2015) [25] stated that FM measures may
overlap and should not be used alone for gender determination, as other authors found no sexual dimorphic
characteristics regarding the FM [26]. The size of the FM in patients with achondroplasia and other neurological
problems was reported to be smaller at all ages, with the basichondrocranium of fetuses with hindbrain
malformations (such as Arnold-Chiari malformation) being shorter and smaller than in normal fetuses [27,28].

The anteroposterior and transverse diameters of the FM are valuable parameters for analyzing its morphometric
variations. In this study, the mean anteroposterior diameter of the FM was 33.90 + 2.20 mm, while the transverse
diameter was 27.82 + 2.25 mm. In another study, the mean diameters were 34.6 + 3.46 mm (anteroposterior) and
29.3 + 3.47 mm (transverse) [Natsis et al., 2016]. Catalina-Herrera [29] reported a sagittal diameter of 35.2 mm and
a transverse diameter of 30.3 mm for the FM, while Schmeltzer [30] reported a sagittal diameter of 35 mm and a
transverse diameter of 30 mm. Murlidhar et al. (2014) [31] reported the AP diameter as 33.4 mm and the transverse
diameter as 28.5 mm. The diameters of the FM in this study are comparable to the data reported in the literature.
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The area of the FM is another morphometric tool for analyzing its variations, with values ranging from 560.72 to
946.78 mm? in this study, and a mean value of 742.91 + 99.95 mm?. A CT-based study by Chaudhary P et al. [4]
found the FM area to be 691 + 30.35 mm2. Another study on skulls calculated the area as 772.4 + 116.7 mm2 [5].
Murlidhar et al. (2014) [31] reported the FM area as 748.6 mm2. In another study, the mean FM area was 772.4 mm?
with an SD of 116.7 mm [5].

The mean foramen magnum index (FMI) in this study was 82.10 * 4.84, with a minimum value of 72.10 and a
maximum value of 92.82. Kanchan et al. (2014) reported an FMI of 79.70 £+ 6.98 mm in South Indians [26]. Another
study reported a mean FMI of 83.75 mm with an SD of 7.23 mm [5]. In our study, we calculated the FMI as
(transverse diameter / anteroposterior diameter) x 100. Some authors have calculated the FMI as anteroposterior
diameter / transverse diameter [13,18,31]. In the latter case, the mean FMI was reported as 1.2 + 0.1 [18,31].

Clinically, the dimensions of the FM are crucial for neurosurgical interventions involving the craniovertebral
junction. Muthukumar et al. emphasized the importance of anatomical knowledge of the FM for surgical approaches
like the transcondylar approach, where drilling of the posterior margin is essential to access lesions [18]. Accurate
knowledge of foramen magnum dimensions can assist in planning surgical approaches and avoiding complications.

Limitation of the Present Study

One limitation of this study is that the sex of the skulls was unknown, preventing analysis of sexual dimorphism
based on the foramen magnum. Additionally, the study was conducted on only 100 skulls, which is not sufficient to
establish definitive benchmarks for the measurements of the foramen magnum in North India. Future studies with
larger sample sizes and more diverse populations are recommended to validate these findings and explore additional
clinical implications.

Hexagonal shape ofForamen Magnum
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Tetrahedral shape of Foramen Magnum
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Egg shaped Foramen Magnum
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Round ShapedForamen Magnum

Conclusion:-

The data collected in this study of the foramen magnum provide an important database for neurosurgeons, forensic
medicine experts, radiologists, and anthropologists. The dimensions of the foramen magnum are clinically and
surgically significant, as vital structures may be compressed in conditions such as brainstem herniation,
meningiomas, and achondroplasia.
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