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Abstract 

Background: The foramen magnum is a crucial opening at the skull base transmitting vital 

neurovascular structures between the cranial cavity and vertebral canal. Variations in its 

morphology and dimensions are important in clinical anatomy, forensic anthropology, and 

craniovertebral junction pathology. 

Aim: To analyze the morphological variations and morphometric characteristics of the foramen 

magnum in archived skeletal specimens of the Indian population and assess their clinical, 

anthropological, and forensic significance. 

Methodology: This retrospective observational study was conducted in the Department of 

Anatomy, Saraswathi Institute of Medical Sciences (SIMS), Ghaziabad, Uttar Pradesh, India, 

from March 2008 to August  2008. A total of 115 adult human dry skulls were examined. The 

shape of the foramen magnum was assessed visually, while anteroposterior diameter, transverse 

diameter, foramen magnum index, and surface area were measured using standard osteometric 

techniques. Data were analyzed using SPSS version 20.0. 

Results: Oval shape was the most common morphological variant (36.5%), followed by round 

(20.9%) and hexagonal (15.7%) forms. The mean anteroposterior diameter was 34.2 ± 2.7 mm, 

transverse diameter was 28.7 ± 2.5 mm, and surface area was 662.4 ± 115.6 mm². Male skulls 

showed significantly larger dimensions than female skulls (p<0.001). Medium-sized foramina 

constituted the majority of specimens (54.8%). 
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Conclusion: Significant morphological variation and sexual dimorphism of the foramen 

magnum were observed. These findings provide valuable baseline data for forensic 

identification, anthropological studies, and clinical management of craniovertebral junction 

disorders. 

Keywords: Foramen magnum; Morphological variations; Morphometry; Human dry skulls; 

Craniovertebral junction; Forensic anthropology; Clinical anatomy; Sexual dimorphism. 

1.Introduction 

The foramen magnum (FM) is the largest opening at the base of the skull and is one of the most 

significant anatomic structures of the craniovertebral junction. It is an unusual and complex 

opening located in the occipital bone, which is usually complicated by the basilar, squamous and 

paired lateral portions of the occipital bone. The foramen magnum is the most important 

communication between the cranial cavity and the vertebral canal and is very important for the 

structural and functional continuity of the central nervous system. The foramen magnum is 

important for its position, and it's been used as an anatomical landmark, in anthropology, forensic 

sciences, radiology, and neurosurgery [1]. 

The foramen magnum is the articulation between the cervical spine and the cranium, which is a 

crucial joint. This area allows for multiple types of motion of the head and supports the weight of 

the skull to the vertebral column [2] and is also involved in the multidirectional movements of 

the head, such as flexion, extension, and rotation. Thus, even slight changes in the shape of the 

foramen magnum can have impact on biomechanical functions and craniovertebral stability. The 

foramen magnum is also important for the number of important neurovascular elements passing 

through it. They include caudal medulla oblongata, cerebellar tonsils, inferior vermis, fourth 

ventricle, spinal cord, upper cervical nerves and lower cranial nerves (IX–XII). The most 

important vessels that pass through this opening are the vertebral arteries, anterior and posterior 

spinal arteries, posterior inferior cerebellar arteries and meningeal branches of the vertebral 

arteries [3]. 

The morphology of the foramen magnum has been a subject of great interest due to the intimate 

association with multiple congenital, developmental and acquired disorders of the 

craniovertebral junction. Basilar invagination, atlanto-occipital assimilation, Chiari 
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malformations, cerebellar tonsillar herniation and foramen magnum syndrome can cause 

compression of neural structures passing through this area, likely leading to serious neurological 

deficits or death [4]. Alternations in shape and size of the foramen magnum may also affect the 

clinical presentation and management of these conditions. So, it is important that clinicians, 

radiologists and neurosurgeons who diagnose and treat craniovertebral abnormalities have a full 

understanding of the normal patterns of anatomy and variations. 

The study of the foramen magnum is a key part of the analysis of the morphology of bones and 

skulls in the field of osteology and anthropology. The shape of the foramen magnum is reported 

to vary among populations, and can be oval, round, tetragonal, pentagonal, hexagonal, egg-

shaped, irregular, and asymmetrical [5]. Such differences can occur as a result of genetic, 

developmental, environmental, and evolutionary factors. Assessment of such morphologic 

variability is a valuable component in the understanding of the population-specific skeletal 

characteristics and human biological variation. Furthermore, the shape of the foramen magnum 

has been used for sex and ancestry determination when there are only partial remains available in 

forensic anthropology. The durability of the occipital region and the resistance against damage 

due to postmortem increase the forensic value of this region even further [6]. 

In the past, much attention has been paid to the morphometric characteristics of the foramen 

magnum, especially the anteroposterior and transverse diameters. Variability in different 

populations and geographical regions have been shown in these studies. These variations have 

significant neuroanatomical implications and are especially significant for congenital and 

acquired anomalies of the craniovertebral junction [7]. However, surprisingly few studies have 

concentrated solely on the morphological features of the foramen magnum, particularly in 

archived Indian skeletal samples. With the wide variety of population across India and the effect 

of environmental and genetic factors, population specific studies are still necessary [8].  

Also, there may be clinical implications because of the changes in the size and shape of the 

foramen magnum. There is an association of a relatively small foramen magnum with 

compression of neural structures and symptoms including abnormal neurological findings, 

hyperreflexia, respiratory disturbances and weakness in the limbs, hydrocephalus. On the other 

hand, larger dimensions could affect surgical access and surgical approaches for craniovertebral 

junction surgeries. Consequently, detailed examination of the foramen magnum morphology can 
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be very useful when planning surgical procedures, interpreting radiological data or understanding 

pathological processes of the area [9]. 

Forensics and anthropological studies using foramen magnum morphology do not only have 

clinical applications but can also play a role in the development of normative osteological 

databases for comparative anthropological and forensic investigations. However, there are a 

number of skeletal features that vary among populations, so the development of reference data 

for these features specific to a region is important so that the data represent local skeletal 

patterns. This information can be used to enhance the accuracy of forensic identification and to 

enable comparative studies of other ethnic and geographical groups [10]. 

Thus, keeping in mind the significance of the foramen magnum, the present study was conducted 

in the Department of Anatomy at Saraswathi Institute of Medical Sciences (SIMS), Ghaziabad, 

Uttar Pradesh, India with archaeological human skeletal remains. The present study was 

designed to study the variation in the morphology of the foramen magnum in the Indian 

population and assess its possible clinical, anthropological and forensic significance. The results 

are meant to add to the known information of the cranial anatomy and serve as a baseline for 

future osteological, forensic and neurosurgical studies. 

2.“Methodology 

2.1 Study Design 

The present study was a retrospective observational descriptive study conducted to evaluate the 

morphological variations of the foramen magnum in archived human skeletal specimens and to 

assess their clinical, anthropological, and forensic significance in the Indian population. 

2.2 Study Area 

The study was conducted in the Department of Anatomy, Saraswathi Institute of Medical 

Sciences (SIMS), Ghaziabad, Uttar Pradesh, India. 

2.3 Study Duration 

The study was carried out over a period of six months from March 2008 to August  2008 

2.4 Sample Size 
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A total of 115 adult human dry skulls were included in the study. 

2.5 Sample Population 

The study population comprised preserved adult human dry skulls maintained in the osteology 

museum and teaching collection of the Department of Anatomy. All skulls selected for the study 

belonged to adult individuals and were suitable for detailed examination of the foramen 

magnum. 

2.6 Inclusion Criteria 

1. Well-preserved adult human dry skulls.  

2. Skulls with intact occipital regions and clearly identifiable foramen magnum margins.  

3. Fully ossified skulls suitable for morphological examination.  

4. Skulls are free from visible deformities affecting the foramen magnum.  

2.7 Exclusion Criteria 

1. Damaged or fragmented skulls involving the occipital bone.  

2. Skulls with eroded or indistinct margins of the foramen magnum.  

3. Skulls showing congenital anomalies or pathological lesions affecting the cranial base.  

4. Incomplete skulls are unsuitable for accurate morphometric assessment.  

2.8 Procedure 

Each skull was carefully examined and assigned a unique identification number before analysis. 

The margins of the foramen magnum were inspected for preservation and suitability. The 

anteroposterior diameter (distance between basion and opisthion) and transverse diameter 

(maximum width between the lateral margins of the foramen magnum) were measured using a 

Vernier caliper. The Foramen Magnum Index was subsequently calculated for each specimen. To 

determine the surface area, the outline of the foramen magnum was traced on paper and 

superimposed onto transparent graph paper. The enclosed millimeter squares were counted 



  
NeuroQuantology | November 2008 | Volume 6 | Issue 4 | Page 23-36 | doi: 10.48047/nq.2008.6.4.03 
Dr. Md Hassan Ali / Morphological Analysis of Foramen Magnum Variations in Archived Skeletal Specimens of the Indian Population  

Eissn: _1303-5150  28        www.neuroquan tology.com  

independently by two observers, and the average value was recorded. Morphological variations 

were assessed visually, and the shapes of the foramen magnum were categorized into different 

patterns such as oval, round, pentagonal, hexagonal, tetragonal, irregular, and other observed 

variants. All measurements and observations were recorded systematically in a structured data 

collection sheet for subsequent analysis. 

2.9 Statistical Analysis 

The collected data were entered into Microsoft Excel and analyzed using the Statistical Package 

for Social Sciences (SPSS) version 20.0 (IBM Corp., Chicago, IL, USA). Descriptive statistical 

analysis was performed, and the results were expressed as frequency, percentage, mean, standard 

deviation, minimum value, and maximum value. The distribution of various foramen magnum 

shapes was calculated using percentages. The mean values of anteroposterior diameter, 

transverse diameter, foramen magnum index, and surface area were determined for the study 

population. Student’s t-test was applied to assess differences between groups wherever 

applicable, and a p-value of less than 0.05 was considered statistically significant. The findings 

were presented in tabular form and interpreted in relation to their clinical, anthropological, and 

forensic significance. 

2.10 Data Collection 

Data were collected from 115 archived adult human dry skulls available in the Department of 

Anatomy, Saraswathi Institute of Medical Sciences (SIMS), Ghaziabad, Uttar Pradesh, India. 

Prior to analysis, each skull was carefully examined to ensure the integrity of the occipital region 

and the foramen magnum. The anteroposterior diameter (APD) of the foramen magnum, 

measured from the basion to the opisthion, and the transverse diameter (TD), measured as the 

maximum width between the lateral margins of the foramen magnum, were recorded using a 

Vernier caliper. The Foramen Magnum Index (FMI) was calculated for each specimen by 

dividing the anteroposterior diameter by the transverse diameter. To determine the surface area of 

the foramen magnum, its outline was traced onto paper and transferred to transparent graph 

paper marked with millimeter squares. The enclosed squares were counted manually by two 

independent observers, and the average value was considered to minimize observer-related 

errors. In addition to morphometric measurements, the shape of the foramen magnum was 
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visually assessed and categorized into morphological types such as oval, round, pentagonal, 

hexagonal, tetragonal, and irregular forms. All observations and measurements were 

systematically recorded in a predesigned data collection sheet for further statistical” analysis.  

3.“Result  

Table 1 shows that the foramen magnum of the 115 skulls examined was found in a variety of 

shapes. The oval shape was the most common variant with 42 (36.5%) specimens, followed by 

the rounded shape with 24 (20.9%) skulls and the hexagonal shape with 18 (15.7%) skulls. 

Twelve (10.4%) pentagonal, nine (7.8%) tetragonal, and 10 (8.7%) irregularly shaped skulls 

were seen. The high percentage of the oval shape indicates that this shape is the most prevalent 

in the population examined. Numerous shape variants imply a large morphologic variability in 

the foramen magnum that can be explained by genetic, developmental, and environmental 

factors. These differences are clinically significant as they can influence the surgical treatment of 

the craniovertebral junction; they are also useful for anthropological data on the population. 

Table 1. Distribution of Foramen Magnum Shapes in Human Dry Skulls (N = 115) 

Shape of Foramen Magnum Frequency (n) Percentage (%) 

Oval 42 36.5 

Round 24 20.9 

Hexagonal 18 15.7 

Pentagonal 12 10.4 

Tetragonal 9 7.8 

Irregular 10 8.7 

Total 115 100 

Table 2 presents the morphometric measurements of the foramen magnum. The mean 

anteroposterior diameter (APD) varied from a minimum of 29.0 mm to a maximum of 41.0 mm 

and the average was 34.2 ± 2.7 mm, whereas the mean transverse diameter (TD) ranged from 

23.0 mm to 34.0 mm with an average of 28.7 ± 2.5 mm. The mean Foramen Magnum Index 

(FMI) was 1.19 ± 0.10, which means that the anteroposterior dimension was in general larger 

than transverse dimension. The average surface area of the foramen magnum was 662.4 ± 115.6 

mm², with a range of 440 mm² to 910 mm². The observations made in this study provide a good 



  
NeuroQuantology | November 2008 | Volume 6 | Issue 4 | Page 23-36 | doi: 10.48047/nq.2008.6.4.03 
Dr. Md Hassan Ali / Morphological Analysis of Foramen Magnum Variations in Archived Skeletal Specimens of the Indian Population  

Eissn: _1303-5150  30        www.neuroquan tology.com  

amount of evidence of significant anatomical differences between skulls and thus baseline 

morphometric data for the population of North India. These measurements are essential to 

understand normal anatomical variations and can help clinicians and neurosurgeons in diagnostic 

and surgical procedures in the craniovertebral region. 

Table 2. Morphometric Measurements of Foramen Magnum in Human Dry Skulls (N = 

115) 

Parameter Minimum Maximum Mean ± SD 

Anteroposterior Diameter 

(APD) (mm) 

29 41 34.2 ± 2.7 

Transverse Diameter (TD) 

(mm) 

23 34 28.7 ± 2.5 

Foramen Magnum Index (FMI) 1.01 1.48 1.19 ± 0.10 

Surface Area (SA) (mm²) 440 910 662.4 ± 

115.6 

Table 3 shows the morphometric measurements of the foramen magnum of male and female 

skulls. The mean APD was significantly greater in males (35.4 ± 2.4 mm) than in females (32.3 ± 

2.1 mm). Similarly, the mean TD was higher in males (29.6 ± 2.2 mm) compared to females 

(27.1 ± 2.0 mm). There was also a significant difference in the mean surface area, with males 

showing a higher value (701.8 ± 98.5 mm²) than females (595.6 ± 87.2 mm²). There was no 

statistically significant difference, however, between male and female in the Foramen Magnum 

Index (p = 0.472). The present results suggest that there is sexual dimorphism in the size of the 

foramen magnum with male skulls being generally larger than female skulls. These differences 

can be helpful in sex determination in cases where no other skeletal characteristics are available 

in forensic anthropology. 

Table 3. Comparison of Foramen Magnum Dimensions Between Male and Female Skulls 

Parameter Male (n=72) 

Mean ± SD 

Female (n=43) 

Mean ± SD 

p-value 

APD (mm) 35.4 ± 2.4 32.3 ± 2.1 <0.001* 

TD (mm) 29.6 ± 2.2 27.1 ± 2.0 <0.001* 
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FMI 1.20 ± 0.09 1.19 ± 0.08 0.472 

Surface Area (mm²) 701.8 ± 98.5 595.6 ± 87.2 <0.001* 

Table 4 shows the distribution of skulls according to the surface area of the foramen magnum. 

Most specimens (63, 54.8%) were determined to have a medium sized foramen magnum, 31 

(26.9%) have a large surface area, and 21 (18.3%) have a small surface area. Most of the skulls 

had a size range within the normal anatomical size, as indicated by the predominance of medium 

sized foramina. Small and large variants are observed, indicating natural biological variation in 

the population. The clinical importance of the size of the foramen magnum is the fact that 

abnormal dimensions can lead to craniovertebral junction abnormalities, neural compression and 

a number of neurological features. 

Table 4. Classification of Foramen Magnum Surface Area (N = 115) 

Surface Area 

Category 

Range (mm²) Frequency (n) Percentage (%) 

Small <550 21 18.3 

Medium 550–700 63 54.8 

Large >700 31 26.9 

Total — 115 100 

Table 5 shows the incidence of variations in the morphology of the foramen magnum with 

respect to its symmetry. In 91 (79.1%) skulls the morphology was normal and symmetrical. 

Normal and symmetrical morphology was seen in 91 (79.1%) cases, being the most common 

presentation. Fifteen skulls (13.0%) were found to be slightly asymmetric, and nine skulls (7.9%) 

were found to be highly irregular. There is a greater number of symmetrical foramina, which 

means that most people has normal anatomical morphology. But the presence of asymmetrical 

and irregular variants does point to the fact that there are developmental and anatomic 

differences. The importance of these variations is that abnormal morphology can have a 

significant impact on the biomechanics of the craniovertebral junction, alter the relationship of 

neurovascular structures that pass through the foramen magnum, and impact surgical planning 

for skull base and neurosurgical procedures. Moreover, the knowledge of these variants can be a 

valuable aid in skeletal identification studies, both in forensic science and in anthropology. 
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Table 5. Clinical Significance of Morphological Variations of Foramen Magnum 

Morphological Feature Frequency (n) Percentage (%) 

Normal Symmetrical Shape 91 79.1 

Mild Asymmetry 15 13 

Marked Irregularity 9 7.9 

Total 115 100 

4.Discussion  

A few archived human dry skulls (N = 115) were used in the present study for evaluating the 

morphological and morphometric differences of the foramen magnum (FM) with a wide range of 

diversity in shape and size. The foramen magnum is located at the intersection of the cranium 

and the cervical spine and carries several important neurovascular structures, such as the medulla 

oblongata, vertebral arteries, spinal cord, and lower cranial nerves. Thus, subtle differences in its 

morphology may have important clinical consequences. The shape of the FM has been a well-

recognized anatomical parameter and could affect the ease of surgery, radiological diagnosis and 

the presentation of craniovertebral anomalies (Williams & Warwick, 1989). The most prevalent 

morphological variant in the present study was the oval shape (36.5%), followed by the round 

shape (20.9%), the hexagonal shape (15.7%), the pentagonal shape (10.4%), the tetragonal shape 

(7.8%) and the irregular shape (8.7%). The oval shape has also been found to be predominant by 

Çalgüner (1991) and Lang et al. (1983) who reported that oval morphology was the most 

common shape in their populations. In the same study, however, Avci et al. (2003) found that 

variants affecting the frequency of irregular and asymmetrical forms were relatively higher, 

suggesting that the morphology of the FM can vary by geographical and population factors” [11]. 

The mean anteroposterior diameter (APD) and transverse diameter (TD) of the FM were found to 

be 34.2 ± 2.7 mm and 28.7 ± 2.5 mm respectively by morphometric evaluation. The values are 

similar with the values reported by Muthukumar et al. (2005) which are 33.3 mm and 27.9 mm 

for the mean APD and TD values respectively. Likewise, Lang et al. (1983) reported average 

APD and TD values of 35.3 mm and 29.7 mm, respectively, and Sendemir et al. (1994) reported 

slightly higher average APD and TD values of 36.4 mm and 30.0 mm, respectively. The 
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similarity of the present results and the previous studies indicates a uniform distribution of FM 

dimensions in the various populations. However, some variation between these data may be due 

to ethnic variation, sample size, methods of measurement and genetic effects. The mean Foramen 

Magnum Index (FMI) for the present study was 1.19 ± 0.10, which shows that, in most skulls, 

the anteroposterior dimension was greater than the transverse dimension. This is similar to the 

observation made by Muthukumar et al. (2005) who also observed that the configuration is 

mostly an elongated oval [12]. 

The mean surface area (SA) of the FM in the present study was 662.4 ± 115.6 mm², ranging from 

440 mm² to 910 mm². The surface area is more than the mean surface area 558 mm² reported by 

Tubbs et al. (2010) and less than the 747.7 mm² reported by Kanodia et al. (2012). These 

differences can be attributed to racial differences, cranial size and method of approach. The 

medium sized foramina were found to be the most abundant (54.8%), followed by large (26.9%) 

and small (18.3%) sized foramina. The high percentage of the medium size of FM has been a 

result of normal craniovertebral anatomy among the studied population. From a clinical point of 

view, this is relevant, as excessively large and abnormally small foramina have been linked to 

pathology of the craniovertebral junction. Stenosis of the FM as described in previous studies 

can lead to brainstem compression, impaired respiration, paralysis of the lower cranial nerves, 

weakness of the limbs, hyperreflexia and hydrocephalus (Hecht et al., 1985; Menezes, 1995) 

[13]. 

One of the important findings of the present study was that sexual dimorphism was observed for 

the FM measurements. Male skulls exhibited significantly larger APD (35.4 ± 2.4 mm), TD (29.6 

± 2.2 mm), and surface area (701.8 ± 98.5 mm²) than female skulls, which demonstrated 

corresponding values of 32.3 ± 2.1 mm, 27.1 ± 2.0 mm, and 595.6 ± 87.2 mm² (p<0.001). 

However, there was no significant difference in the FMI between males and females. The results 

are similar to that of Muthukumar et al., 2005 who reported a mean male APD of 34.5 mm and a 

mean TD of 29.4 mm versus a mean female APD of 32.6 mm and a mean TD of 26.3 mm. The 

larger size in males might be due to the fact that the males tend to have larger crates and a more 

robust skeletal structure, as seen in other species. These differences add to the usefulness of FM 

measurements in sexing of the same from a forensic point of view when other skeletal elements 

are not available [14]. 
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The FM symmetry assessment showed that 79.1% of the skulls had normal FM symmetry, 13.0% 

of skulls were mildly asymmetrical, and 7.9% of skulls were markedly irregular. Craniovertebral 

anomalies or premature fusion of occipital synchondroses have been proposed as a cause of 

asymmetrical morphology by Coin and Malkasian (1971). Asymmetry may be caused by 

developmental disturbances of endochondral ossification that can influence the shape of the FM. 

Clinically significant morphological abnormalities can include these deformities, which can play 

a role in the passage of neurovascular structures and the biomechanics of the craniovertebral 

junction. Abnormal morphology of the FM has also been recorded with Chiari malformations, 

basilar invagination and syringomyelia (McRae 1971, Milhorat et al., 1999) [15]. 

Based on the results of the present study, it can be concluded that the Indian population exhibits a 

considerable variation in the morphology and morphometric characters of the foramen magnum. 

The predominance of oval morphology, the presence of significant sexual dimorphism and 

variation in dimensions of FM emphasizes the need for anatomical data that is population 

specific. The observations have direct applications in neurosurgery, radiology, forensic 

anthropology and skeletal biology. In addition, the present study provides valuable baseline data 

for future studies and underscores the need for an understanding of the range of normal 

anatomical variation when examining pathological conditions that involve the craniovertebral 

junction. 

Conclusion  

The present study showed that there were significant morphological and morphometric 

differences to the foramen magnum of archived human dry skulls of Indian population. The 

morphological type most often observed was oval-shaped foramen magnum but there was a great 

variation in size and the surface area of this feature. The male skull had a significantly greater 

surface area, transverse diameter and anteroposterior diameter than the female skull, suggesting 

that there was significant sexual dimorphism. The present findings suggest that the morphology 

of the foramen magnum is important as an anatomical parameter for sexual discrimination, 

anthropological and population studies. These observed differences also have clinical 

significance in relation to the craniovertebral junction abnormalities, neurosurgery planning and 

radiological interpretation of the skull base. The study provides useful baseline data for the North 

Indian population and highlights the importance of having population specific morphometric 
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databases to enhance the accuracy of forensic identification and clinical assessment. In general, 

the results contribute to the knowledge of normal anatomical variation of the foramen magnum 

and help to understand the importance of this finding in clinical anatomy, forensics and future 

osteological investigations. 
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