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Introduction:
Foramen magnum is a Latin word meaning largest aperture in skull. It 
is formed by the fusion of the four individual parts of the occipital bone 
(pars squama, left and right pars lateralis, and pars basilaris) (Avci E et 
al., 2011). The major structures passing through this foramen are the 
lower end of the medulla oblongata, meninges, vertebral arteries and 
the spinal accessory nerve (Mc Graw Hill et al.,2002). It is of 
particular interest for anthropology, anatomy, forensic medicine and 
other medical fields. Various studies have reported that significant 
differences exist in the morphometry of foramen magnum between the 
two sexes within a restricted geographical region and historical period. 
(NUJHS., 2012, Sauza GIC etal.,2009 and Manoel C et al., 2009). 
The knowledge of foramen magnum diameters is needed to determine 
some malformations such as Arnold Chiari syndrome, which shows 
expansion of transverse diameter (Sgouros S et al., 1999). The 
dimensions of the foramen magnum are important prior to the cutting 
off of the foramen magnum lesions or posterior cranial fossa lesions, 
because more the antero-posterior diameter, greater is the contralateral 
exposure (Murshed K A et al.,2003).

Aims and Objectives:
The aim of the study to analysis of morphometric and morphology 
parameters of foramen magnum.

Materials and Methods:
Present study conducted in the Department of Anatomy, Saraswati 
medical college. Study conducted on completely ossified adults 92 dry 
skulls. Deformed and fractured skulls were excluded from the study. 
Measurements were done using following bony landmarks on the 
skull. Basion middle point of the anterior margin of foramen magnum) 
and Opisthion (Opisthion is middle point of posterior margin of 
foramen magnum). Following parameters were taken in this study.

1.  Anteroposterior diameters (Anteroposterior diameter of foramen 
magnum is the distance measured between Basion and opisthion.) 

2.  Transverse diameters (Transverse diameter of foramen magnum 
is the distance measured at right angles to anteroposterior 
diameter of foramen magnum) 

3.  Area of the foramen magnum-anteroposterior diameters / 
transverse diameter

AREA (A) = ¼ x π x w x h.
 W = Transverse diameter
 H = Anteroposterior diameters
  π = 22/7=3.14

4.  Shapes of the foramen magnum (Ovoid, Oval, Round, Egg, 
Tetragonal, Pentagonal, Hexagonal and Irregular). All 
measurements parameter of the foramen magnum was taken by 
digital Vernier calipers graded upto 0.01mm. Discrete data 
regarding shape of the foramen magnum in number (percentage) 
and continuous date regarding the morphometrical parameters of 
the foramen magnum tabulated in table and shown in the diagram. 
Institutional ethical committee approval has been taken before the 
commencement of the study.

RESULTS:
In our study the mean anteroposterior diameter was 34.46 ± 2.42. The 
maximum anteroposterior diameter was 41.36 mm and minimum 
anteroposterior diameter was 29.9mm. and mean measurement of 
transverse diameter was 29.23 ± 2.1. The maximum transverse 
diameter was 33.51mm and minimum transverse diameter was 
24.85mm. (Table 1 and diagram 1). 

The mean surface area of foramen magnum was 789 ±91.01(Table 1). 
When the index of foramen magnum was > 1.2, the foramen was 
considered to be ovoid (Table 2). In the present study we found 63.05% 
skulls exhibited ovoid shape foramen magnum. The incidence of the 
morphological types of foramen magnum had the following frequency 
of distribution: Oval 56(60.87%), Round 4(4.35%), Egg 13(14.13%), 
Tetragonal 15(16.30%), Pentagonal 4(4.35%) (Table 3) and Diagram 
(2).

In the present study mean foramen magnum index was found to be 
1.18mm, with range being minimum 1.03 to maximum being 1.50 with 
standard deviation of 0.10 out of 92 specimens. Out of 93 skulls 63.5% 
exhibited ovoid foramen magnum. 

Table 1: The antero-posterior diameter, transverse diameter and 
area of foramen magnum in present study.
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FORAMEN 
MAGNUM

ANTEROPOSTERI
OR

DIAMETER (mm)

TRANSVERSE
DIAMETER(mm)

AREA Index

MEAN 34.46 29.23 792.61 1.18
MEDIAN 33.99 29.42 789.70 1.15

MODE 36.79 28.35 623.68 1.28
STANDARD 
DEVIATION

2.42 2.10 91.01 0.10

MINIMUM 29.9 24.85 603.52 1.03

MAXIMUM 41.36 33.51 988.38 1.50
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Diagram (1): Anthropometric measurements of the foramen 
magnum.

Table 2: Frequency and percentage of foramen magnum index.

Table 3: Various types of foramen magnum based on their shape

Diagram (2): various shape of the foramen magnum.

DISCUSSION:
The shape and size (AP and TD) of the foramen magnum is vital 
parameter for the manifestation of clinical signs and symptoms, also 
these have been found to be independent risk factors in patients with 
craniovertebral anomalies (Kanodia G et al., 2013). In a study done by 
(Patel and Mehta 2014) they have mentioned the mean anterior 
posterior diameter was 33.7mm and transverse diameter was 28.29mm 
respectively. (Howale et al., 2014) study reports also suggest the 
anteroposterior and transverse diameters was 31.2mm and 26.9mm 
respectively. (Muralidhar D et al., 2014) study in south Indian 
population observed the mean anteroposterior and transverse diameter 

was33.4mm and 28.5mm respectively. In our present study we found 
the mean Anteroposterior diameter was 34.46mm and transverse 
diameter was 29.23mm respectively.  some other author findings were 
mentioned and compared with findings of the present study was shown 
in table no 4.

The result of in this morphometric study of foramen magnum 
comparison with other studies has been shown in (table 4). In this 

2study, the mean area of foramen magnum was 792.61±91.01mm . In 
the study done by (Shika et al 2015) on 50 dried skulls, mentioned the 

2mean area of foramen magnum was 970.57mm . (Rohini Devi M et 
al., 2016) study on 35 dried skulls of unknown sex, they found that the 

2mean area of foramen magnum was 820.53mm . In a study of 
(Sampada et al.,2017) on 100 dry skulls, the mean area of foramen 

2magnum was 803.8±83.42mm . The variations obtained in the mean 
values of area of foramen magnum in the above-mentioned studies 
may be due to sexual dimorphism. 

In the present study mean foramen magnum index was found to be 
1.18mm, with range being minimum 1.03 to maximum being 1.50 with 
standard deviation of 0.10 out of 92 specimens. Out of 93 skulls 63.5% 
exhibited ovoid foramen magnum. (Muthukumar et al.,2005) 
determined the shape of foramen magnum using foramen magnum 
index and found in 46% of specimen foramen magnum index was 
equal or more than 1.20 and was considered as oval. (Kizilanat et 
al.,2006 and et al., 2010) found that foramen magnum Tubbs RS 
index as 1.2. [13,14] In a study done by (Avic et al., 2011), 58 % of 
specimens were showing ovoid foramen magnum. 

According to the shape of the foramen magnum shown in the table 5, 
(Murshed et al., 2003) mentioned majority of the foramens in their 
study was egg shaped (21.8%). In a study done by (Anil Kumar et 
al.,2015) observed majority of the foramen magnum was oval shaped 
(50%). (Radhika et al.,2012 and Sampada et al., 2017) study results 
also stated maximum no foramen magnum in their study was oval 
shaped.in our study we found maximum no foramen magnum was oval 
shaped 56(60.87%). Our study results correlate with the study results 
of the (Radhika et al., (2012) and Sampada et al., 2017) study.

Table 4: The anteroposterior and transverse diameter of foramen 
magnum of present study were compared with other studies.

Foramen magnum index Frequency Percentage (%)
<1.20 58 63.05
≥1.20 34 36.95
Total 92 100.00

TYPES OF FORAMEN MAGNUM PERCENTAGE (%)
OVAL 56(60.87%)
EGG 13(14.13%)

ROUND 4(4.35%)
TETRAGONAL 15(16.30%)
PENTAGONAL 4(4.35%)

Authors and years Anteroposterior 
diameter (mm)

Transverse 
diameter (mm)

Patel and Mehta et al., (2014) 33.7 28.29
Howale et al., (2014) 31.2 26.9

Osunwoke E.A., (2012) 36.1 29.5
Muralidhar et al., (2014) 33.4 28.5
Mahajhan D et al., (2013) 32.83 27.47

Santhosh et al., (2013) 34.37 28.98
Anil kumar et al., (2015) 36.78 30.05
Ganapathy et al., (2014) 33.9 28.7

Radhakrishna et al., (2012) 34.04 28.63
Sampada et al., (2017) 34.84 29.39

Present study 34.46 29.23

Table 5: Comparison of foramen shapes with previous studies.

Shapes of foramen
magnum

Murshed et
Al., 2003 

Radhakrishna et
Al., 2012 

Chethan P et al.,
2012 

Radhika PM et
Al., 2012 

Anil kumar et al.,
2015 

Sampada et 
al., (2017) 

Present
study

Oval 9(8.1%) 39(39%) 8(15.1%) 60(40%) 18(50%) 58(58%) 56(60.87%)
Round 7(6.3%)  ----- 10(18.9% 15(10%) 7(20%) 9(9%) 4(4.35%)

Egg 24(21.8%)    28(28%) 12(22.6%) 30(20%) ----- 11(11%) 13(14.13%)
Tetragonal 14(12.7%)    19(19%) 10(18.9%) 9(6%) 2(6%) 8(8%) 15(16.30%)
Pentagonal 15(13.6%)   14(14%) 2(3.8%) 3(2%) ----- 1(1%) 4(4.35%)
Hexagonal 19(17.2%)    ------ 3(5.6%) 9(6%) 3(8%) 3(3%) --------
Irregular 22(19.9%)     ------ 8(15.1%) 24(16%) 6(16%) 10(10%) -------

CONCLUSION:
The effort of our study to study the morphological and morphometrical 
parameters of the foramen magnum in north Indian skulls. The 
morphometry of foramen magnum is necessary for surgeon during the 
surgeries of foramen magnum meningiomas or posterior cranial fossa 
lesions and also in determining Arnold Chiari Syndrome. The 
variations of shape of foramen magnum are important in neurological 
interpretation. Diameter of foramen magnum and its variations is 
important not only anatomists but also to the anesthetist, 
neurosurgeons, orthopedic, radiologists.
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