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ABSTRACT 

OBJECTIVE 

Evaluation of the measurements of the foramen magnum in male and females skulls of Indian origin as well as to 

observe the variations in its shape 

INTRODUCTION 

The foramen magnum is the large opening located in the occipital bone of skull. The dimensions of the foramen 

magnum are greater in males than in females. It is used to determine sex of skeleton in the medicolegal conditions 

such as explosions, aircraft accidents and war injuries. Dimensions and its variations are important in dealing with 

different neurosurgical conditions and surgeries. 

MATERIALS AND METHODS 

This descriptive study was performed on fifty five (n=55) dry adult human skulls on following parameters. 1) 

Antero posterior diameter, 2) Transverse Diameter, 3) Shape of the foramen. Procedure: The parameters and shapes 

were carefully inspected and noted with proper illumination by single observer in uniform manner on a work sheet. 

Descriptive Statistics, Student’s t test and correlation between the groups were analysed for statistical significance at 

α< 0.05. 

RESULT 

In males the mean Sagittal and transverse diameter was 34.72±2.95 and 28.4±2.37 with correlation coefficient of 

r=0.858. In females it was 33.21±3.25 and 27.71±2.6 with correlation coefficient of r=0.899. The scatter diagram 

revealed a linear form, positive relationship. Results were presented with tables and scatter plots. 

CLINICAL SIGNIFICANCE AND CONCLUSION 

The dimensions of foramen magnum are not constant between male and females, and between different populations.  

The knowledge on the dimension, shape with its normality and laterality is essential for determination of sex in 

forensic science, diagnostic and planning and conducting neurosurgical procedures at cranio-vertebral junction with 

effective management, better result and prognosis. 
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INTRODUCION 

The foramen magnum is the large opening located in 

the occipital bone of skull in the median plane. It is 

surrounded by squamous part posteriorly, basilar part 

anteriorly, and two condyles on right and left lateral 

sides. It communicates posterior cranial fossa with 

the vertebral canal. It plays important role in 

determination of sex of skeleton in the field of 

forensic medicine, archaeology and anatomy 

departments 
(1, 2)

. The diameters and area of the 

foramen magnum are greater in males than in 

females, hence its dimensions can be used to 

determine sex in the medico legal conditions such as 

explosions, aircraft accidents and war injuries 
(3,4)

. 

The dimensions of the Foramen magnum are very 

important in dealing with compression during 

achondroplasia of foramen magnum 
(5)

,  brain 

herniation 
(6, 7)

 and in neurosurgical approach to 

access the lesions located anterior to the brainstem 
(8)

 

and in malformations like Arnold Chiari syndrome, 

which shows expansion of transverse diameter 
(9)

. 

Furthermore, Wanebo et al 
(10)

 stated that longer 

foramen magnum sagittal diameter permitted greater 

contralateral surgical exposure for condylar 

resection. This study is aimed to evaluate the 

measurements of the foramen magnum in male and 

females skulls of Indian origin as well as to observe 

the variations in its shape. 

 

MATERIALS AND METHODS 

This descriptive study was performed on fifty five 

(n=55) non-pathological dry adult human skulls were 

randomly selected from department of anatomy, 

Malabar Medical College And Research Centre, 

Modakkallur, Calicut, Kerala, India- during 

November 2013 to November 2014. 

 

INCLUSION CRITERIA 

The skulls regular in shape and devoid of deformities 

in the occipital bone were selected.  

 

EXCLUSION CRITERIA 

The damaged, fractured, eroded, with degenerative 

changes or deformed skulls and those having 

evidence of pathological abnormalities were 

excluded.  

 

INSTRUMENTS 

Magnifying lens, calipers of 1/20 mm accuracy have 

been used. 

PARAMETERS 

1. Antero posterior diameter- straight line length 

from basion to opisthion along the median plane. 

(Figure-1) 

2. Transverse Diameter- Distance of the point of 

maximum concavity on right and left margins 

perpendicular to the median plane 

3. Shape of the foramen 

 

PROCEDURE 

The parameters were carefully inspected and noted 

with proper illumination. The shape of the foramen 

magnum were observed and recorded. They were 

classified according to Richards and Jabbour 

method
(11)

, where foramen magnum was classified 

into following shapes-  

1. Circular 

2. Two Semicircle 

3. Heart-like 

4. Wide oval 

5. Bi-rounded oval 

6. Ventrally wide oval 

7. Bi-pointed oval 

8. Dorsally convergent oval.  

The data were obtained with Craniometrical 

measurements (sagittal and transverse diameter) of 

the foramen magnum (figure-1) with a millimetric 

sliding caliper by single observer in uniform manner 

on a work sheet.  Average of two readings was taken. 

When the two readings were found to be having 

difference of more than 0.1 mm, a third reading was 

performed according to the Method recommended by 

Krag et al 
(12)

, and Scoles et al 
(13)

. 

 

STATISTICAL ASSESSMENT
 (14, 15)

: 

The mean and standard deviation were calculated 

manually. The comparisons of mean values of the 

male and female skull were made. The statistical 

analysis for sex comparison was made by Student’s t 

test. Relationships between the study parameters 

were determined by Pearson correlation coefficients. 

Statistical assessment with p-values < 0.05 was 

considered significant. 
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Figure-1. Diameters of foramen magnum.SD-sagittal diameter, TD-transverse diameter 

 

OBSERVATION 

In the present study, totally fifty five (n=55) dry adult human skulls were studied. The measurements were 

presented in the following tables and figures. The following different shapes of foramen magnum were observed as 

shown below (table-1, figure-2 & 3). Oval shape (41.0%), round shape (25.0%), irregular shape (20.0%), tetragonal 

shape (14.0%) 

Table-1. Showing the Frequency of Different Shapes of  Foramen Magnum (n=55) 

 Shape  Frequency  Percent 

 
Figure 2. 

1 Round 14 25.0% 

2 Oval 22 41.0% 

3 Tetragonal 08 14.0% 

4 Irregular  11 20.0% 

 

                       A-Round shape                              B-Tetragonal shape                                  C-Oval shape 

 

Figure-3.The different shapes of foramen magnum 

25.00% 

41.00% 

14.00% 
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Descriptive statistics with values of the maximum, 

minimum, means and standard deviations of 

measurements the Foramen Magnum in both males 

and females are presented in the following table-2. 

 

Table-2 Morphometric Data of foramen magnum. 

 

Sex Parameters Max (mm) Min (mm) Mode 

(mm) 

Mean (mm) SE (r) 

Male Sagittal diameter 39.5 27.6 34.1 34.72±2.95 0.39 0.858 

Transverse diameter 34.4 24.3 29.6 28.4±2.37 0.32 

Female Sagittal diameter 38.1 26.3 34.6 33.21±3.25 0.44 0.899 

Transverse diameter 33.3 23.8 25.7 27.71±2.6 0.35 

Max =Maximum, Min= Minimum, SE=Standard Error, r= Correlation. 

 

The scatter diagrams [Scatter plot 1and 2] reveals a 

linear form, positive association between sagittal 

diameter and transverse diameter of foramen 

magnum. The prominent outliners were not found. 

Moderately strong strength of relationship between 

the sagittal diameter and Transverse diameter can be 

observed in both scatter diagrams. The correlation 

coefficient of r=0.858 in male and r=0.899 in female 

dataset shows a moderate correlation with upward 

trend. The coefficient of determination quantifies that 

73.6% of the variation in transverse diameter in 

males and 80.7% in females is related with the 

change in sagittal diameter of foramen magnum. The 

correlation coefficient of was statistically significant 

at α=0.05. 

 

Scatter plot 1. 
 

Scatter plot 2. 

Scatter plots of the correlation between sagittal diameter and Transverse diameter of foramen magnum (mm). 

SD= Sagittal diameter, TD= Transverse diameter. 

 

DISCUSSION 

Comparisons of present results with previously 

published studies were done and it is presented in 

following tables. The present study has revealed the 

significant variations in size and shape of foramen in 

male and female skulls. The irregular shape of 

foramen magnum is accentuated by the 

developmental anomalies of the bone and soft tissues 

at the cranio-vertebral junction 
(16)

. 

HIGHER DIMENSIONS IN MALE SKULL 

THAN FEMALES 

Significant differences were observed in the values 

from males and female skulls for sagittal diameter 

and Transverse diameter of foramen magnum. 

Studies 
(17, 20, 21, 22, 23, 24)

 have reported similar views 

(Table-3). It is helpful in determination of sex of 

skull or skeleton in forensic departments and 

anthropology 
(25)

. 
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Table-3 Comparison of study results on - Indian population 

 

 

Authors  Sagittal diameter (mm) Transverse diameter (mm) 

 Male  Female  Male  Female  

Babu Raghavendra YP et.al 
(17)

 36.40 ± 3.27  31.62 ±2.05  32.93 ± 2.35  28.32 ± 2.12  

Fatma Hayat Erdil et al 
(18)

 30.75 29.98 36.95 34.41 

Muralidhar PS et al 
(19)

 38.5 35.2 29.1 27.6 

Kanchan T  
(20)

 34.51 ±2.77  33.60 ±2.63  27.36 ±2.09  26 .74 ± 2.36  

Routal RR et.al 
(21)

 35.5 ± 2.8  32.0 ± 2.8  29.6 ± 1.9  27.1 ± 1.6  

Singh G et.al 
(22)

 33.54 ±2.80  32.31 ±3.24  27.77 ±2.10  27.21 ±2.99  

Radhakrishna SK et.al 
(23)

 34.04±2.36  31.72±2.14  28.63±1.89  26.59±1.64  

Santhosh CS et al
(24)

 34.37 ± 2.38  33.80 ± 2.56  28.98 ± 2.22  27.60 ± 2.67  

Present study 34.72±2.95 33.21±3.25 28.4±2.37 27.71±2.6 

 

RACIAL DIFFERENCE IN DIMENSIONS 

Study results on different populations by different 

scholars were shown in table-4. It can be observed 

that the dimensions of foramen magnum are not 

constant between male and females and between 

different populations 

 

Table-4 Racial difference in dimensions of foramen magnum 

 

- Research by Population  Gender Sagittal diameter (mm) Transverse diameter (mm) 

1 Manoel C et al
 (26)

 Brazilian Male 35.7 ± 0.29 30.3 ± 0.20 

Female 35.1 ± 0.33 29.4±0.23 

2 Murshed KA et al 
 (27)

 Turkish Male 37.2 ± 3.43 31.6 ± 2.99 

Female 34.6 ± 3.16 29.3 ± 2.19 

3 Herrera CJC at al 
 (28)

 Spanish Male 36.2 ± 0.3 31.1 ± 0.3 

Female 34.30 ± 0 29.6 ± 0.3 

4 Gruber P et al 
 (29)

 Europe Min-max 30  to 43 25 to 39 

Mean  36.6 31.1 

5 Present study 
 
 Indian  Male 34.72±3.23 28.12±3.42 

Female 33.82 ±4.35 27.03±4.71 

 

CLINICAL SIGNIFICANCE 

The following structures are passing through the 

foramen magnum- the medulla oblongata, meninges, 

accessory spinal nerve, dural sinuses, vertebral and 

spinal arteries. Hence it is important for 

neurosurgery, anthropology, and forensic science, 

radiological and diagnostic procedures. 

 

FORENSIC MEDICINE 

The foramen magnum reaches its adult size rather 

early in childhood. During the determination of sex 

of incomplete or damaged skeletons, the foramen 

magnum plays a vital role in medicolegal cases such 

as explosions, aircraft accidents and war injuries
 (3,4)

. 

 

POPULATION DIFFERENCES 

Population differences also have impact on size of 

foramen magnum. Therefore, it is necessary to know 

the source population of any unidentified skull. 

 

SURGERIES 

Dimensions of foramen are important Regarding 

Occipital condyle resection in transcondylar 

approach 
(30)

, compression of vital structures in 

foramen magnum achondroplasia 
(31)

  and herniation 

of brain 
(32)

. Wanebo et al 
(33)

, stated that longer 

foramen magnum sagittal diameter permits greater 

contralateral surgical exposure for condylar 

resection. 
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VARIATION IN SHAPE 

Variations of the shape of foramen magnum have got 

diagnostic, clinical and radiological importance 
(34)

. 

 

THE LIMITATIONS OF STUDY 

Small sample size, exact age is not determined; CT 

and MRI scans were not used. 

 

CONCLUSION 

The present study concludes that the dimensions of 

foramen magnum are not constant between male and 

females, and between different populations.  The 

knowledge on the dimension, shape with its 

normality and laterality is essential for determination 

of sex in forensic science, diagnostic and planning 

and conducting neurosurgical procedures at cranio-

vertebral junction with effective management, better 

result and prognosis. 
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