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ABSTRACT 

Aims and objectives: The objectives were to study the morphometry of the foramen magnum on C.T. 

Scan and to evaluate its anteroposterior diameter, transverse diameter of the foramen magnum. Also to 

compare the diameter of foramen magnum in males and females. 

Material and Methods: We examined 100 C.T.Scans of normal persons. The anteroposterior and 

transverse diameters of foramen magnum were measured with help of computer software and analysis 

done statistically. We observed for any variations in the shape of foramen magnum. 

Results: Out of 100 C.T. scans studied, 61 cases were of males in whom the anteroposterior and 

transverse diameter were observed to be 33.90+2.61 mm & 28.05+2.22 mm respectively. In 39 

females, anteroposterior diameter and transverse diameter of foramen magnum were 32.35+3.16 mm, 

26.88+2.96 mm respectively.  

Conclusion: Unpaired t-test shows diameters of foramen magnum were greater in males than in 

females as p-value less than 0.05 hence it is statistically significant. 

The data obtained may be of useful to the neurosurgeons in analyzing the morphological anatomy of 

craniovertebral junction. The findings are also enlightening for the anthropologists, morphologists and 

clinical anatomists. 

Keywords: Foramen magnum, Morphometry, anteroposterior diameter, transverse diameter. 

 
INTRODUCTION 

The articles related to the base of skull were 

searched and it is found that very few studies 

have been done in this regard in Indian 

population. 

Computed tomographic scan is noninvasive 

modality for the imaging the skull base. Since 

this procedure is widely done, this modality was 

preferred. 

The cranial base is such a complex structure that 

it is only studied morphometrically. The sites 

where a number of vital structures have their 

entrance or exits are very important for clinical 

application. Therefore the assessment of these 

morphometrics is helpful for lateral surgical 

approaches for reaching lesions in the middle and 

posterior part of cranial base 
1
. 

The dimensions of the foramen have clinical 

importance because the vital structures that pass 

through it may suffer compression such as in 

cases of foramen magnum achondroplasia and 

brain herniation. In a transcondylar surgical 

approach to the foramen magnum, such as 

resection of tumors of the foramen magnum 

region, the anatomic features of the foramen 

magnum and variations of this region have been 

considered in several studies. Waneboet. al. 

stated that longer anteroposterior dimensions of  

foramen magnum permitted greater contralateral 

surgical exposure for condylar resection. The 
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anatomic and radiologic values have been the 

objectives of several studies 
2
. 

Knowledge of normal and variant positions of 

canals and foramina of skull base is important for 

radiologists, neurosurgeons and anatomists 
4
. 

The soft tissues are better visualized by MRI, 

while the bony structures of the skull are better 

visualized by CT 
5
. 

When planning treatment, clinicians relay on both 

modalities, as MR and CT provide different 

information, all of which may be useful for 

proper management. As a result, physicians who 

treat skull base tumors must integrate information 

provided by CT & MR images 
6
. 

Recent advances in microsurgical technique and 

more widespread use of the operating microscope 

have now enabled surgeons to approach 

previously inoperable deep seated lesions of the 

skull base. It is therefore necessary that the 

clinicians should have a thorough knowledge of 

anatomy of this region for evaluation of various 

disease processes affecting this region 
7
. 

Radu et al (1987), then in 1988 Koster tried to 

study the base of skull on C.T. Scan 

Muthukumar et al studied the morphometric 

analysis of foramen magnum on dry skulls 
8
. 

Kazikanat and colleagues studied the 

morphometry of foramen magnum and stated that 

morphometric analysis of all these components 

will help in planning of surgical intervention 

involving the skull base 
9
. 

Kosif Rengin studied the midsagittal magnetic 

resonance images & measured the diameter of 

foramen magnum 
10

. 

Murshed K.A. evaluated morphometrically the 

foramen magnum and also studied variations in 

its shape on C.T. scan 
11

. 

 

AIMS AND OBJECTIVES 

Aims and objective of present study were 

 To study morphometry of foramen magnum 

by computed tomography. 

 To note variations associated with them, if 

present. 

 To measure anteroposterior & Transverse 

diameters of the foramen magnum by 

computed tomography. 

 To compare and do statistical analysis of 

foramen magnum between males and 

females. 

 

MATERIALS AND METHODS 

Computed tomography is optimal for 

demonstrating osseous structures, so this 

modality was selected for the present study. 

This study was conducted in collaboration with 

the Department of Radiology, K.E.M. Hospital 

Mumbai with prior permission from the Head of 

the Department. 

C.T. scan images of base of skull were taken on 

C.D. and preserved. 

This was the cross sectional study in the 

Department of Radiology. 

 

STUDY SAMPLE 

Because tumors, space occupying lesions, 

fractures, congenital disorders involving skull 

base may distort the normal Anatomy of skull 

base, such positive cases were excluded from 

present study. 100 normal (61 male is 39 female) 

persons C.T. scan pictures were selected and 

studied. Those patients referred from various 

departments for any other purpose and having 

normal skull base, were taken for the study. Both 

males and females were selected. All age groups 

were selected. Identity of the patient is not 

revealed. 

Ethics Committee Approval 

The study was carried out after the approval of 

institutional ethics committee. 

 

Computerized Tomography Scan Procedure 

The C.T. scan of skull base were obtained using 

Simens Somatom (third generation C.T. machine 

having pixel size of 512 X 512 ) continuous 1mm 

sections were taken in axial plane and to the 

radiographic baseline (Reid’s baseline or 
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anthropological baseline), parallel to a line drawn 

from the orbitomeatal line 
12

. 

Continuous axial sections of 1mm thickness in 

bone window were obtained and foramen 

magnum was identified. (Fig: 1) 

Anteroposterior and transverse diameters of 

foramen magnum were measured by using 

computer software and analyzed statistically. 

Modern high resolution CT with 1mm sections 

provides precise measurements which differ little 

from the actual distance in anatomical specimen. 

It is to be assumed, however, that the canals and 

foramina lie perpendicular to the scan line. 

 

OBSERVATIONS AND RESULTS 

It is found that mean A.P. diameter of foramen 

magnum in 61 males is 33.90 mm and in 39 

females it is 32.35 mm with S.D. of 2.61 and 3.16 

in males and females respectively (Table I). 

Unpaired t–test shows that mean difference is 

1.56 and 95% confidence interval having upper 

limit 0.40 and lower limit 2.71 and p-value is 

0.009 which is less than 0.005 hence it is 

significant. So unpaired t-test proves that mean 

A.P. diameter of Foramen magnum is more in 

males than in female (Table II and Graph I). 

Highest and lowest value of A.P. diameter of 

foramen magnum found to be 39.5 mm and 21.4 

mm and range was 18.1 mm. Highest and lowest 

value of transverse diameter of foramen magnum 

found to be 17.9 mm and 32.5 mm and range 

was14.6 mm. 

It is found that mean transverse diameter of 

foramen magnum in 61 male is 28.05 mm and in 

39 female it is 26.88 mm with S.D. of 2.22 and 

2.96 in male and female respectively (Table I). 

Unpaired t–test shows that mean difference is 

1.16 and 95% confidence interval having upper 

limit 0.13 and lower limit 2.19 and p-value is 

0.028 which is less than 0.005 hence it is 

significant. So unpaired t-test proves that mean 

transverse diameter of Foramen magnum is more 

in males than in female (Table II & Graph II). 

 

DISCUSSION 

According to Radu et al (1987), C.T. examination 

of small structures is made impossible by partial 

volume effect. Then in 1988 Koster stated that 

the increased spatial resolution of C.T. has 

overcome this difficulty. However, because of 

this uncertainty, only a few publications listing 

C.T. measurements of these foramina and canals 

have so far appeared. 

Muthukumar et al studied the morphometric 

analysis of foramen magnum for the purpose of 

transcondylar approach on 50 dry skulls. They 

had given the anteroposterior length of foramen 

magnum 33.3 mm and width as 27.9 mm. Also 

they stated that shape of foramen magnum was 

ovoid 
8
. 

Kazikanat and colleagues studied the 

morphometry of foramen magnum on 59 dry 

skulls and given anteroposterior and transverse 

diameter of foramen magnum as 34.8+2.2 mm 

and 29.6+2.4 mm and stated that morphometric 

analysis of all these components will help in 

planning of surgical intervention involving the 

skull base 
9
. 

Kosif Rengin studied the midsagittal magnetic 

resonance images of 194 adults (101females and 

93 males) to reveal the relationship between 

occipitocervical region and cervical height. They 

measured the diameter of foramen magnum as 

38.19+3.85 mm in males and 36.09+2.79 mm in 

females 
10

. 

Murshed K.A. evaluated morphometrically the 

foramen magnum and also studied variations in 

its shape on C.T. scan of 110 normal subjects 

with 57 males and 53 females. They had given 

sagittal diameter as 37.3+3.43 mm and transverse 

diameter 31.6+2.99 mm in males and sagittal 

diameter 34.6+3.16 mm and transverse diameter 

29.3+2.19 mm in females 
11

. 

Lastly they stated that there was significant sex 

difference in quantified parameters indicating that 

the foramen magnum is larger in males. 

The 100 C.T. scans were studied including all age 

groups and of both sexes. In 61 males, 



Surwase Ramdas 

Gopalrao et. al. 
COMPUTED TOMOGRAPHIC SCAN STUDY OF MORPHOMETRY OF FORAMEN MAGNUM 

 

  Int  J  Cur  Res  Rev,  Oct  2013 / Vol  05 (19)  
Page 44 

 
  

anteroposterior and transverse diameters of 

foramen magnum were 33.90+2.61 mm & 

28.05+2.22 mm respectively. In 39 females 

anteroposterior and transverse diameters of 

foramen magnum were 32.35+3.16 mm & 

26.88+2.96 mm respectively. 

Unpaired t-test shows diameters of foramen 

magnum were greater in males than in females as 

p-value is less than 0.05, hence it is statistically 

significant. 

 

SUMMARY 

This was a cross sectional study in which all age 

groups. Out of 100 cases, 61 were males and 39 

were females. During this procedure foramen 

magnum was identified and anteroposterior and 

transverse diameters of foramen magnum were 

measured. 

1. Normal range of all these diameters were 

determined in males and females. 

2. Then data was analyzed statistically by using 

S.P.S.S. 

3. While analysis unpaired t-test applied to 

compare diameters of these foramina in 

males and females. 

4. It was found that foramina magnum were 

greater in males as compared to females. 

 

CONCLUSIONS 

To conclude, the present study regarding 

morphometry of foramen magnum was in 

agreement with earlier studies done so far. 

To approach the base of skull surgically, it is very 

important to know the normal anatomy of base of 

skull by imaging modalities. 

The study of base of skull is very important 

because significant structures pass through it. 

Recognition of normal variants of skull base 

include foramina, vascular channels, foramen like 

defects, clefts, fissures, notochordal remnants and 

segmental anomalies may prove necessary in 

evaluation of patients with skeletal dysplasia and 

disorders of skull base development. This 

knowledge may be useful so that these variants 

are not misinterpreted as fractures, destructive 

lesions or clinically important chondrocranial 

malformations 
13

. 

The radiologists must have knowledge of normal 

anatomy and pathological spectrum of skull base 

to determine the extent of abnormality and to 

help plan the surgical approach 
14

. 

Platybasia or flat skull base or martin’s anomaly 

is the flattening of angle between the clivus and 

body of sphenoid. When the angle exceeds 148 

the base of skull is abnormally flat 
15, 16

. 

In basilar impression or basilar invagination the 

margins of foramen magnum are inverted 
16, 17

. 

In occipitalization of atlas the first cervical 

vertebra is fused to the skull base & the odontoid 

is abnormally high 
16

. 

In Arnold chiari malformation the brain changes 

are characterized by downward displacement or 

elongation of the brainstem and cerebellar tonsils 

through the foramen magnum 
18, 19, and 20

. 

In the fractures of posterior cranial fossa there 

may be possibility of formation of arteriovenous 

fistula within cavernous sinus 
21, 22

. 
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Table I: A.P. and Transverse Diameter of Foramen Magnum. 

 SEX N MEAN S.D. S.E.M. 

A.P. DIAMETER MALE 61 33.90 2.61 0.33 

FEMALE 39 32.35 3.16 0.51 

Transverse diameter MALE 61 28.05 2.22 0.28 

FEMALE 39 26.88 2.96 0.47 

 

Table II: Comparison of A.P. And Transverse Diameter of Foramen Magnum Between Male And 

Female By Unpaired t-Test. 

Unpaired t-test T Df 
Sig. (2-

tailed) 

Mean 

Difference 

95% C.I. for 

Mean Diff 

A.P. diameter 2.68 98 0.009 1.56 0.40 2.71 

       

Transverse diameter 2.24 98 0.028 1.16 0.13 2.19 
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Graph II – showing comparison of Transverse Diameter of 

Foramen Magnum between male & Female 

Graph I – showing comparison of A.P.  Diameter of Foramen 

Magnum between male & Female 
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ABBREVIATIONS 

C.T. scan--computed tomography scan, M.R.I.--magnetic resonance imaging, A.P. diameter –

anteroposterior diameter, S.D.--Standard deviation,S.E.M.—standard error of mean, 95% C.I.—95% 

confidence interval, d.f.—degree of freedom, S.P.S.S.—statistical package of social sciences, TR 

Diameter –Transverse Diameter 

 


