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Abstract

The foramen magnum (FM) is a unique and complex 
anatomical opening in the base of the skull,which the 
posterior cranial fossa communicates with the vertebral 
canal. It is also related to a number of pathological 
conditions, including Chiari malformations, various 
tumours, and occipital dysplasias. The study aimed to 
compare and evaluate the foramen magnummorphology 
in dry skulls and CT scan images. Material and methods: 
The morphology of the foramen magnum was assessed 
in 118 adult non-pathological dry human skulls and 3D 
computer tomography images in 118 individuals (66 
male, 52 female) aged 18–75 years. Result: the incidence 
of various shapes of the foramen magnum was observed 
the most common shape was oval (33.89%) in skulls, 
followed by round (15.25%), tetrahedral (13.55%), 
pentagonal (7.32%), hexagonal (16.94%) and irregular 
(12.71%). The mean anteroposterior 33.76 ±2.1mm & 
28.09+ 1.9 mm transverse diameter of the foramen 
magnum. The minimum and maximum values for AP 
diameter were 31.78 & 39.13.  Inthe CT scan study, the 
mean anteroposterior diameter of FM in the male 35.96± 
3.7 and 33.85±3.5 in females. The transverse diameter in 
males 30.38±3.5 and 27.83±2.5 in females. The FMI was 
observed in males 85.48±9.1 and 83.26±9.0 in female. 
Discussion: Results provides baseline data for the 
anatomist and important information for neurosurgeons 
to approach the cranial base with maximum safety and 
minimum mortality and morbidity.

Introduction 

The base of the skull presents the most conspicuous 
structure called the foramen magnum, which is 
formed in the occipital bone and separates the brain 
above from the spinal cord below. The foramen 
magnum is constructed by the fusion of four parts 
of the occipital bone (pars squama pars right and left 
lateralis and pars basilaris)1. The posterior part of 
the foramen magnum, known as the neurovascular 
compartment, contains the caudal portion of the 
medulla�oblongata,�meninges,�cerebrospinal��uid,�
vertebral blood vessels, anterior and posterior spinal 
arteries and the spinal root of accessory nerves; the 
anterior part of it is known as Osseo-ligamental  
compartment.2 The knowledge of the change in 
the� anatomical� con�guration� and� shape� of� the�
foramen magnum disturbs the vital structures 
passing through it and emerges the surgical 
approach in foramen magnum brain herniation 
Foramen magnum meningioma achondroplasia, 
foramen magnum dermoid cyst and Aronld Chairi 
syndrome.3-5

Keywords: Foramen magnum, morphological 
variation, Cervico-medullary junction, Transcondylar 
approach. 



10

Indian Journal of Anatomy / Volume 11, Number 1 / January – March 2022 

Materials and Methods

The present study was conducted on 118 adult 
non-pathological dry human skulls of unknown 
ageprocured from the Bone bank Department of 
Anatomy, Shri B M Patil Medical college BLDE 
(Deemed to be University), Vijayapur, Karnataka, 
for the duration of one year. On the other hand, 
to compare morphometry of dry bone after taking 
approval from the institutional ethical committee, 
we examined 118 computed tomographic 
images of both sexes (Male 66, Female 52) aged 
between18-75.  The CT images were collected 
from the Department of Radiology and Imaging, 
Shri B M Patil MedicalCollege, BLDE (Deemed to 
be University), Vijayapur, Karnataka, India. The 
different�shapes�of�FM�were�noted�and�classi�ed�as�
oval, round, egg, tetragonal, pentagonal, hexagonal 
and irregular shapes.

Inclusion Criteria 

Fully�ossi�ed,�dried,�macerated�skulls.

Adult cranial CT scan with complete foramen 
magnum. 

Exclusion Criteria

Skulls with gross deformity. 

CT scans with damaged foramen magnum 
associated with pathological condition were 
excluded from the study 

All the dry skull parameterswere obtained with 
the help ofa digital sliding calliper with an accuracy 
of 0.01 mm—statistical analysis made by using 
SPSS Anova Software.  The following parameters 
were measured: 

1. The anteroposterior (AP) diameter of the FM 
was� de�ned� as� the� distance� from� basion� to�
opisthion and measured. 

2. The transverse diameter (TR) of the FM was 
de�ned�as�the�distance�between�the�foramen's�
lateral margins at the point of greatest lateral 
curvatures and measured.

3. FM index (FMI) calculated using the 
following formula: Foramen Magnum Index 
¼ Maximum transverse diameter Maximum 
AP diameter 100. The shape of the foramen 
magnum� was� assessed� and� classi�ed� oval�
round, pyriform, arrow pentagonal and 
hexagonal.

Results

In dry Skulls

In the present study, the incidence of various 
shapes of the foramen magnum was observed 
the most common shape was oval (33.89%) in 
skulls, followed by round (15.25%), tetrahedral 
(13.55%), pentagonal (7.32%), hexagonal (16.94%) 
and� irregular� (12.71%)� (Table-1)� (�gure� 1).� The�
mean anteroposterior (Sagital) & transverse 
diameter of the foramen magnum was found to 
be   33.76 ±2.1mm (mean ± SD) & 28.09+1.9 mm, 
respectively. The minimum and maximum values 
for AP diameter were 31.78 & 39.13. The minimum 
and maximum transverse diameter of the foramen 
magnum was 21.07 & 30.82 mm. The minimum 
and maximum values for FMI were 73.88 & 97.98, 
respectively (Table-2).

In CT images 

The various parameters of the foramen magnum 
of CT scans showed eight varying morphological 
shapes� were� identi�ed� and� reported� (Table� 3).�
Oval, round, egg shape, tetrahedral, pentagonal, 
hexagonal and irregular. The most common shape 
of�the�foramen�magnum�identi�ed�in�the�CT�image�
was the oval shape, found in (26.27%). The most 
diminutive shape of FM observed in irregular shape 
(9.32%). Egg shape in (12.71%), tetrahedral (10.16 
%), round shape (11.01%), pentagonal (14.40%) 
hexagonal (15.25%) (Figure 2). For the present 
study, we observed the mean anteroposterior 
diameter of FM in the male subject was 35.96± 3.7 
and in females was 33.85±3.5, respectively. The 
transverse diameter in males and females was 
30.38±3.5 and 27.83±2.5, respectively. The FMI 
was observed in males and females as 85.48±9.1, 
83.26±9.0 respectively (Table-4).

Table 1: Morphological variations of Foramen Magnum in dry 
skulls

Shape Number %

Round 18 15.25

Oval 40 33.89

Tetrahedral 16 13.55

Pentagonal 9 7.62

Hexagonal 20 16.94

Irregular 15 12.71

Table 2: Dimensions of Foramen Magnum in dry skulls

Total no
(N)-118

Anteroposterior 
Diameter (mm)

Transverse 
Diameter (mm)

Foramen 
Magnum Index

Mean +SD 33.76+2.1 28.09+1.9 84.65+6.3

Minimum 31.78 21.07 73.88

Maximum 39.13 30.82 97.98
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Table 3: Morphological variations of Foramen Magnum in CT 
scan images.

Shape No %

Oval 31 26.27

Egg 15 12.71

Round 13 11.01

Tetrahedral 12 10.16

Pentagonal 17 14.4

Hexagonal 18 15.25

Irregular 11 9.32

Table 4: Dimensions of Foramen Magnum in CT scan images

Total no 
(N)-118

Male Female

Anteroposterior Diameter (mm) 35.96+3.7 33.83+3.5

Transverse Diameter (mm) 30.38+3.5 27.83+2.5

FMI (mm) 85.48+9.1 83.26+9.0

CT is a reliable diagnostic tool for the accurate 
measurement of transverse and AP diameter of the 
foramen magnum 

Discussion 

The study of foramen magnum gained interest 
in� the� �eld� of� clinical� science,� anthropology,�
comparative anatomy and evolutionary biology.6 
The base of the skull presents an important 
anatomical opening called the foramen magnum, 
which communicates the posterior cranial fossa 
with the vertebral canal. During fetal development, 
the anterior and lateral aspects of the FM are formed 
from the basioccipital, the exoccipitals, and their 
respective interoccipital synchondroses anterior 
while the posterior boundary of the foramen is 
formed by the supraoccipital, the exoccipitals, and 
their corresponding interoccipital synchondroses 
posterior. The fetal growth centers do not fully 
ossify until approximately 10 years of age until 
which time both the size and shape of the FM are 
undergoing change. Between the 7th month in 
utero and birth, the rate of FM growth in its sagittal 
dimension is 5.4% greater than that of its transverse 
dimensions7. Between birth and 0.5 years, the 
opposite trend is observed – the rate of transverse 
growth is 7.6% faster than that of sagittal growth7. 
Mean adult sagittal lengths are attained by 5 years 
of age, whereas mean transverse lengths are not 
attained until 10 years of age.7

Figure. 1 Different shapes of the foramen magnum in dry skulls.
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Fig. 2 Different shapes of foramen magnum as studied in CT scans

Biological and non-biological factors play an 
important role in the regulation of the development 
of foramen magnum. Genetical, hormonal, 
nutritional and muscles are the main biological 
factors, non-biological factors include abnormal 
fetal position in uterine cavity enhance the change 
in the muscle attachment this may be the cause for 
variation in the shapes of the foramen magnum.8

The literature of foramen magnum reports on the 
area of the foramen magnum and its variations. The 
most common shape of the foramen magnum in our 
study observed in both dry and CT images was oval 
shape (33.89 & 26.27%), while the least common 
shape found in the dry skull was pentagonal 
(7.62%) and in CT image irregular shape (9.32). 
Other variant shapes of FM observed both in the 
dry skull, and CT image were round (15.25%) & 
(11.01%). Pentagonal shape (7.62%) and (14.40%), 
the hexagonal shape (16.94%) and (15.25%). The 
round-shaped foramen magnum provides a larger 
operative angle for a better approach and requires 
less bone extraction for the neurosurgeons9. Thus, 
in the Indian population, the neurosurgeon has 
to go for osteotomy for a better transcondylar 
approach, as the shape of this foramen is oval in 
most of the subjects10. In an ovoid type of the FM, 

the ability of the surgeon to adequately expose the 
anterior�portion�of� the�FM�might�be�dif�cult10. In 
our study, the shape of the FM varied and the ovoid 
FM was demonstrated in both dry skull and CT 
image (33.89% & 26.27%), of the specimens. Garcia 
et al.11 have found 45% of oval shape FM in their 
CT scan study, which is higher than our CT scan 
study��ndings.�Murshed�et�al.�have�found�8.1%�of�
oval shape FM, which is much lower than our CT 
scan study values. Inastudy of 200 skulls, Zaidiand 
Dayal12 reported that oval FMs were found in 128 
(64%) skulls. Sindel et al.13 and Langetal.14 reported 
that this shapewas not found in more than 18.94% 
and 22.35%, respectively, of their samples. other 
types with their respective frequencies of occurrence 
have been found astetrahedral pentagonal and 
hexagonal and, in our study,the least irregular 
shape achieved (12.71%) (9.32%) in both dry skull 
and� CT� scans,� similar� �ndings� were� describedby�
many authors (ChethanPetal201215, NatsisKetal 
201316).The irregular shape of FM is highlighted 
by the developmentalcranialanomalies of the bone 
and soft tissues at the craniovertebral junction 
(FurtadoSVet al 2010). Murshed et al. have found 
9.09% of irregular (B) shape in their study, which is 
almost similar to our results. However, Garcia et al11. 
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have�not�classi�ed�the�irregular�shape�further�into�
irregular (A) and irregular (B). The sagittal diameter 
is generally larger than the transverse diameter, 
which was also observed in our study.  In the present 
study,the anteroposterior and transverse diameter 
of FM in dry skull 33.76+ 2.1mm and 28.09+1.9mm 
& in CT scans 35.96+3.7mm and 30.38+3.5, which 
were�consistent�with� the��ndings�of�Sampada�PK�
etal17.Catalia – Herrera18 reported 35mm for the 
sagittal and 30.5 mm for the transverse diameters. 
Similar� �nding� in� CT� scan� reported� in� aseries�
Gruber et al19 in 2009, Uthman, ATet al20 In males 
themean area was greater (828.92±113.25 mm2) 
than in females  (754.46±107.69 mm2). The FMI in 
dry skull 84.65+ 6.3 mm, and CT image in male 
85.48+ 9.1mm and 83.26 + 9.0 mm.  Kanodia G et 
al21 evaluated the dimensions of FM in the dry skull 
as well as in living by CT scan, they reported AP 
diameter as 34.1±2.9 mm and transverse diameter 
as 27.5+2.5 mm in the dry skull while there was no 
signi�cant�difference,�but�AP�diameter�of� the�dry�
skull was larger than CT scan group. Results of this 
study provide a baseline useful data that enables 
surgeons to perform effective and reliable surgery 
in FM and in mastoid region22 with maximum 
safety. A large foramen magnum usually results 
from chronic increased intracranial pressure or 
from direct effects of an expanding process within 
the foramen magnum (syringomyelia, Arnold-
Chiari malformation). Asymmetry of the foramen 
magnum occurs with craniovertebral anomalies or 
premature synostosis of one or more of the occipital 
synchondroses. A keyhole shaped foramen 
magnum has been described in the hydrocephalus 
syndrome. Achondroplasia is the most common 
syndrome with a small foramen magnum, but 
other skeletal dysplasia’s and disorders associated 
with sclerosis of the skull can also lead to a small 
foramen magnum.

Conclusion 

The for amenmagnumisan importantl and mark of 
the base of the skull and is of particular interest to 
many fields of medicine. specific neuro anatomical 
structures and their lesions in foramen magnum, 
require particularly microsurgical intervention, 
choosing and establishing the most suitable surgical 
techniques need for accurate planning mainly 
based on the for amenmagnum morphometry to 
refrain from any neurological injury.
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