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ABSTRACT 

 

Introduction: Foramen magnum is a clinically important landmark present at the skull base due to its 

close association with brain stem and spinal cord. The foramen magnum dimensions are 

necessary because the structures passing through it may be compressed in cases of foramen magnum 
meningioma, foramen magnum achondroplasia and foramen magnum herniation, additionally as 

also required to determine some malformations such as Arnold Chiari syndrome, which shows 

expansion of transverse diameter. Thus, the present study was carried out to provide the morphology 
and morphometry of foramen magnum of dry human skulls in North Indian population.  

Materials and methods: Eighty four dry skulls of adult human being were studied. Anteroposterior 

and transverse diameters of foramen magnum were calculated using vernier caliper and shapes were 

visually assessed. Additionally, the area and index of foramen magnum were also calculated using 
formulae.  

Results: The average anteroposterior diameter and transverse diameter of foramen magnum were 

33.57±2.82 mm and 27.49±2.61 mm respectively. The average area and index of the foramen 
magnum were calculated as 728.12±112.98 mm

2
 and 82.09±7.04 respectively. The incidence of the 

morphological types of foramen magnum were observed as a oval shape in 29.76% of cases, round in 

26.19%, tetragonal in 16.67%, egg shape in 10.71%, irregular in 5.95%, hexagonal in 5.95% and 
pentagonal in 4.76% of the cases.  

Conclusion: The data obtained may serve as an aid to neurosurgeons in assessing the morphology of 

carniovertebral junction in lateral transcondylar surgical approaches for reaching lesions in the middle 

and posterior part of cranial base. The findings are also enlightening for the anaesthetist, orthopaedic 
surgeon, radiologists, forensic experts, anatomists and anthropologists. 
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INTRODUCTION 

The skull forms the skeleton of the 

head, composed of bones united to one 

another at joints called sutures. There are 

several openings in the base of the skull 

known as foramina. Foramen magnum is the 

largest opening in the occipital bone of the 

skull, lies in an anteromedian position and 

through which the spinal cord and its 

membranes exits the cranial cavity. 

Additionally the structures passing through 

the foramen are vertebral artery, anterior 

and posterior spinal arteries, spinal 

accessory nerve, tectorial membrane 

and alar ligaments connecting the dens of 

axis with the occipital bone and 
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occasionally the tonsil of the cerebellum. 
[1]

 

Foramen magnum is a fundamental 

component of studies on skull in particular 

interest for anthropology, anatomy, forensic 

medicine, and other medical fields.
 [2-3]

 

The knowledge of foramen magnum 

morphometry is also needed to determine 

some developmental and acquired 

craniocervical junction disorders. 

Achondroplasia is a genetic disorder that 

results in dwarfism and abnormal 

endochondral bone formation at the cranial 

base, leads to a narrow cervical spinal canal 

and a stenotic foramen magnum. Clinical 

appearances of constant brainstem 

compression by stenosis of the foramen 

magnum and related structures are 

respiratory complications, lower cranial 

nerve dysfunctions, upper and lower 

extremity paresis, hypotonia or hypertonia 

and general motor development delay.
 [4-5]

 

In Arnold-Chiari deformity there is 

enlargement of the transverse diameter of 

the foramen magnum. 
[3,6-7]

 Other Diseases 

related with malformations and anomalies 

of craniocervical junction are abnormal 

clivoaxial angle, hypoplasia of the posterior 

fossa, platybasia and stenosis of the foramen 

magnum. These anomalies predisposed to 

herniation of the cerebellar tonsils into the 

foramen magnum that can block blood and 

CSF flow between the cranial cavity and 

spinal canal resulting in hydrocephalus. 
[8-14] 

The transcondylar approach is a 

skull-base technique that enables 

neurosurgeons to access the brainstem and 

cervico medullary junction region with 

minimum retraction. Understanding the 

bony anatomy of this region is very 

important for this approach.
 [6]

 

A review of literature on foramen 

magnum revealed that morphological 

differences of foramen magnum are noticed 

in different population and this depends on 

genetic, environment and socio-economic 

factors. These variations have become 

significant due to newer imaging techniques 

like computed tomography and magnetic 

resonance imaging in the subject of 

diagnostic medicine. Therefore, present 

study has been done to increase data about 

foramen magnum in Indian population 

especially in north Indian skulls. 

 

MATERIALS AND METHODS 

The study was conducted on 84 dry 

human adult skulls of unknown gender, 

obtained from the Department of Anatomy, 

Faculty of Dentistry, Jamia Millia Islamia 

University, Delhi, and Sudha Rustagi 

College of Dental Science & Research 

Institute, Faridabad (Haryana), India. All the 

skulls used for the study were dry, complete 

& showed normal anatomical features. 

Skulls with broken and deformed foramen 

magnum were excluded from the present 

study. 

The various parameters measured using 

vernier caliper are as follows (Figure 1.): - 

1. Anteroposterior diameter of Foramen 

magnum (APDfm): Anteroposterior 

diameter of the foramen magnum was 

measured from basion (median point on the 

anterior margin of the foramen magnum) to 

opisthion (median point on the posterior 

margin of the foramen magnum) in sagittal 

plane. 

2. Transverse diameter of Foramen magnum 

(TDfm): Transverse diameter of FM was 

measured perpendicular to anteroposterior 

diameter in the coronal plane at a point 

where it was maximum. 

 

 
Figure 1.Photograph showing measurement of foramen 

magnum diameters. 

APDfm- Anteroposterior diameter, TDfm- Transverse diameter 

 

https://en.wikipedia.org/wiki/Genetic_disorder
https://en.wikipedia.org/wiki/Dwarfism
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3. Area of foramen magnum (Afm): It is the 

surface area of foramen magnum calculated 

using formula derived by Radinsky. 
[15]

 

Area of foramen magnum (Afm)=¼ πwh 

π→ Mathematical constant=22/7 

w→Transverse diameter of Foramen 

magnum (TDfm) 

h→Anteroposterior diameter of Foramen 

magnum (APDfm) 

4. Foramen magnum index (Ifm):  

Calculated by: Foramen magnum width 

(TDfm) X 100 / Foramen magnum length 

(APDfm). 
[16]

 

The above parameters were recorded 

as an average of two observations which 

were measured independently by two 

different people. The mean and standard 

deviation for each parameter was calculated 

and expressed as mean ± standard deviation. 

In addition the shapes of the foramen 

magnum were also noted and classified as 

oval, round, tetragonal, hexagonal, 

pentagonal, egg shaped and irregular 

(Figure 2). 

 

 
Figure 2. Photograph showing morphological variants of the shape of Foramen magnum: 

(a) oval, (b) hexagonal, (c) irregular, (d) egg shaped, (e) tetragonal, (f) round, (g) pentagonal 

 

 
Figure 3.Pie diagram showing various shape of foramen magnum in present study. 
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RESULT 

The various parameters related to the 

foramen magnum were measured and 

displayed in Table1 & 2. The 

anteroposterior diameter of the foramen 

magnum was in a range of 29.20-39.10 mm 

with a mean of 33.57±2.82 mm, and the 

transverse diameter of the foramen magnum 

was in a range of 21.11 - 31.80 mm with a 

mean of 27.49±2.61 mm. 

The mean surface area of the 

foramen magnum was 728.12±112.98 mm
2
, 

range being from 501.74 mm
2
 to 923.38 

mm
2
. The mean foramen magnum index 

was found to be 82.09±7.04. 

The foramen magnum was observed to have 

oval shape in 29.76%, round in 26.19%, 

tetragonal in 16.67%, egg shape in 10.71%, 

hexagonal in 5.95%, irregular in 5,95% and 

pentagonal in 4.76% of the cases(Figure 

3).Among the various shapes observed the 

oval shaped foramen magnum was found to 

be the highest in occurrence. 

 
Table 1. Morphometric dimensions of foramen magnum in present study. 

Parameter Mean+S.D. Minimum Maximum 

Anteroposterior diameter (APDfm) 

(mm) 

33.57±2.82 

 

29.20 39.10 

Transverse diameter (TDfm) 

(mm) 

27.49±2.61  

 

21.11 31.80 

Foramen magnum area (Afm) 

(mm
2
) 

728.12±112.98 

 

501.74 923.38 

Foramen magnum index (Ifm) 82.09±7.04 69.79 93.53 

 
Table 2. Comparison of foramen magnum shapes with previous studies. 

Shape of  

foramen 

magnum 

Present 

study 

Mishra AK 

et al 

(2018) 

Sampada  

PK et al 

(2017) 

Singh 

KC et al  

(2017) 

Rajkumar et 

al 

(2017) 

Rohinidevi M 

et al 

(2016) 

Sharma S et 

al 

(2015) 

Mursheed KA 

et al 

(2003) 

Oval 29.76 37.8 58 34 66 18 16 8.1 

Round 26.19 30.9 9 20 24.83 26 22 21.8 

Tetragonal 16.67 7.04 8 16 3.35 11 12 12.7 

Egg  10.71 - 11 - - 14 16 6.3 

Hexagonal 5.95 11.2 3 18 4.02 6 8 17.2 

Irregular 5.95 9.85 10 4 - 22 18 19.18 

pentagonal 4.76 7.04 - 4 2.68 6 8 13.6 

 

DISCUSSION  

The foramen magnum is a transition 

zone between skull and vertebral column. It 

plays a significant role as a landmark 

because of its close relationship to key 

structures such as brain, spinal cord, 

accessory spinal nerves and vertebral 

arteries. It is a morphologically variable 

osteological feature in the skull which has 

undergone evolutionary modification. 
[17]

 

During the fetal life, development of skull 

base begins as a cartilaginous model with 

multiple centers of ossification and the 

foramen magnum alone is one such center. 

At birth the occipital bone consist of a 

basilar part, two lateral parts and a 

squamous part all are joined by cartilage 

and forming a ring around the foramen 

magnum. 
[18]

 Anatomical knowledge of the 

foramen magnum is important for 

understanding the pathophysiology of 

various disorders of the craniovertebral 

junction as well as for planning surgical 

procedures. 
[3,19-21]

 Considering these 

factors, The present study was undertaken to 

provide information on the morphometric 

analysis of the foramen magnum in skulls of 

the north Indian population. 

In the present study, mean 

anteroposterior diameter of foramen 

magnum was 33.57±2.82mm and the mean 

transverse diameter was 27.49±2.61mm. 

MuthukumarN 
[6] 

et al. observed that the 

average anteroposterior length of the 

foramen magnum was 33.3 mm and the 

transverse diameter was 27.9mm. Sampada 

P K et al. 
[22]

 reported an average 

anteroposterior diameter of foramen 

magnum was 34.84±2.32 mm and an 

average transverse diameter of 29.39±1.73 

mm. In a study 
[23] 

done on 71 skulls of 

Uttar Pradesh the mean anteroposterior 
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diameter of foramen magnum was 34.09 ± 

2.23 mm and transverse diameter was 28.22 

± 2.19 mm. However Philipp Gruber 
[24] 

in 

his study on skulls from western Europe 

found the average anteroposterior diameter 

of foramen magnum was 36.6 mm within 

range from 30.1 mm to 42.6 mm and the 

average transverse diameter was 31.1 mm 

within range from 25 mm to 38.9 mm. 

Waneboand Chicoine 
[19]

 observed that the 

mean diameters were 36 mm for the length 

and 31 mm for the width of the foramen 

magnum. Solan S 
[25] 

studied sixty human 

skulls and observed that the mean 

anteroposterior diameter of foramen 

magnum was 36±2.9 mm and mean 

transverse diameter was 32.2±2.9 mm 

(Figure 4). 

 

 
Figure 4. Bar diagram showing the comparison foramen magnum dimensions in different studies.  

 

In the present study the area of the 

foramen magnum observed was 

728.12±112.98 mm
2
. In a study done by 

Praveen T and Singh P 
[26] 

on 92 dried skull 

reported the mean area of foramen magnum 

was 792.61±91.01 mm
2
. Shika et al. 

[27] 

studied 50 dried skulls and observed that the 

mean area of the foramen magnum was 

970.57 mm
2
. Rajkumar et al. 

[28] 
in 2017 did 

measurements on 298 dry skull of unknown 

sex, and reported the area of foramen 

magnum was 754.32±105.6 mm
2
. A study 

which was done on south Indian population 
[22] 

reported the mean area of foramen 

magnum was 803.8±83.42 mm
2. 

Rohinidevi 

et al. 
[29]

 studied 35 skulls and observed that 

the area of foramen magnum was 

820.53mm
2
.The variations obtained in the 

abovementioned studies may be due to the 

ethnic group involved and size of study 

sample. 

In the present study foramen 

magnum index was found to be 82.09±7.04, 

which was in accordance with other studies. 

In a study conducted by Singh KC et al. 
[30] 

on 50 dried skulls of unknown sex, they 

found that the mean foramen magnum index 

was 84.56±6.32. A study done by 

Rohinidevi et al. 
[29]

 on 35 Indian dry skulls 

and found that the average foramen 

magmun index was 82.54. There is another 

study conducted on 298 skulls by Rajkumar 

et al. 
[28]

 and reported that the mean foramen 

magmun index was 83.14±6.33mm. 

The shape of the foramen magnum is 

morphologically variable. Variations in 

foramen magnum shape should be taken 

into consideration during radiological 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wanebo%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=11564256
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chicoine%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=11564256
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diagnostic procedures and surgical 

approaches to the region. This is also 

important for deciding that how much bone 

must be removed. 
[21]

 In early fetal 

development, foramen magnum is one of 

the centres of ossification and because of 

evolutionary changes its shapes are variable. 
[6,17-18]

 The irregular shape of the FM may 

be due to developmental anomalies related 

to bones and soft tissues at the 

craniovertebral junction. 
[3,20]

 

In our study, oval shape of foramen 

magnum was commonly seen (29.76%). 

This was followed by round (26.19%), 

tetragonal (16.67%),egg shaped (10.71%), 

hexagonal (5.95%), irregular (5.95%) and 

pentagonal (4.76%).The findings of 

previous studies are presented in Table 

2.According to Sampada PK et al., 
[22]

 Singh 

KC et al., 
[30]

 Rajkumar et al. 
[28]

 and Mishra 

AK et al. 
[23]

 the oval shape is the main type, 

while it is the round shape according to 

Rohinidevi M et al, 
[29]

 Mursheed KA et al. 
[31]

 and Sharma S et al. 
[32]

 The variations in 

the shape of the foramen magnum might 

have been attributed by the factors such as 

diverse ethnical group, sample size, sexual 

dimorphism and types of population. 

 

CONCLUSION 

The present study elucidates the 

morphometric data and the variations in the 

morphology of the foramen magnum. The 

average anteroposterior diameter and 

transverse diameter of the foramen magnum 

were 33.57±2.82 mm and 27.49±2.61 mm 

respectively. The mean surface area of 

728.12±112.98 mm
2
 and index of 

82.09±7.04 was observed in foramen 

magnum, and oval shape found in 29.76% 

of skulls in north Indian region. Knowledge 

of the morphometry of foramen magnum is 

important for surgeon during the surgeries 

of foramen magnum meningioma or 

posterior cranial fossa lesions and also in 

determining Arnold Chiari Syndrome. This 

is significant as the consequences outcomes 

of various surgical procedures depend upon 

the size and variations of these foramina. 

These findings are important not only for 

neurosurgeons but also to the anaesthetist, 

orthopedist, radiologists, forensic experts, 

anatomists and anthropologists. 
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