
Abstract

Objective: The foramen magnum (FM) 

that transmits a large number of vital 

structures is an important anatomical 

landmark in neurosurgical procedures 

and forensic anthropology. The aim of 

the present study was to determine the 

dimensions and shape of the FM in a 

Sri Lankan population. Material and 

method: Forty-four adult skulls (32 

males and 12 females) were selected 

for the study. Sagittal (FMSD) and 

transverse (FMTD) diameters of the 

FM were taken using a sliding digital 

vernier caliper to the nearest 0.01mm 

by one investigator. The area of the FM 

was calculated using Radinsky's 

formula; A=1/4 X 3.14 X FMTD X 

FMSD and FM index was calculated 

using the formula: FMTD x 100 / 

FMSD. The skulls were visually 

assessed to determine the shape of the 

FM. The shape of the FM was recorded 

as round, oval, egg-shaped, tetragonal, 

pentagonal, hexagonal or irregular.  

Results: The mean sagittal and 

transverse diameter, area and index of 

the foramen magnum in males were 

34.62 ±2.17 mm, 29.52±2.13 mm, 

695.77±90.64 mm2 and 85.41±5.66, 

respectively, whereas they were 

33.87±2.31 mm, 28.28±1.99 mm, 
2662.56±98.67 mm  and 83.69±6.13, 

respectively, in females. The shape of 

the foramen was found to be egg-

shaped in 34.1%, and round in 27.2% 

of the cases. 

Conclusions: The size and shape of the 

foramen magnum are highly variable 

among different world populations. Sri 

Lankan skulls showed smaller foramen 

magnum in compare with those of 

African, Mediterranean and European 

populations. Males displayed larger 

mean values than females for all 

measured variables. 
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Introduction

The basicranium forms in a zone of 

interaction between structures with 

neural, skeletomotor, respiratory, 

auditory, masticatory, digestive, and 

visual functions. Because of the 

complex structural-functional 

relationships in the region, the 

morphology of the basicranium shows 

compromises resulting from the 
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competing demands of multiple soft 

tissue units. For example, during 

basicranium development, the 

structures traversing the endocranial-

ectocranial boundary become encircled 

by cartilage and eventually by bone. 

The resulting bony foramina of the 

basicranium respond in an idiosyncratic 

but bilaterally symmetrical fashion to 

changes in the size and positioning of 

enclosed soft tissues [1].

The basicranium is complex, and the 

Foramen Magnum (FM), is the large 

opening in the posterior part of the 

cranial base, through which the cranial 

cavity communicates with the vertebral 

canal. It is situated at the 

craniovertebral junction and is oval, 

and wider behind with its greatest 

diameter being the anteroposterior [2]. 

It transmits many vital structures like 

the lower end of the medulla oblongata, 

meninges, vertebral arteries and spinal 

accessory nerve [2] and therefore, 

considered as an important landmark. 

Anteriorly, the margin of the FM is 

slightly overlapped by the occipital 

condyles which project down to 

articulate with the superior articular 

facets on the lateral masses of the atlas 

[2].

An awareness of the normal dimensions 

of the FM is clinically important as 

certain developmental and acquired 

craniovertebral junction disorders such 

as achondroplasia [3,4], 

craniometaphyseal dysplasia [5] 

assimilation of axis [6], and Jeune's 

asphyxiating thoracic dystrophy [7,8] 

associated with the FM resulting in 

variations in its morphometry. Besides 

its clinical importance, FM dimensions 

have also been used as significant 

criteria in sex determination in forensic 

investigations [9].  Recent studies 

report that morphometry is a fast and 

efficient method for the evaluation of 

demographic characteristics, such as 

ethnicity, gender, age, etc. Evidence 

suggests that the shape and dimensions 

of the FM exhibit sex dimorphism and 

population based variations [9-19]. 

Therefore, the shape and dimensions of 

the FM and their variations have been 

reported to be of diagnostic, 

anthropological, forensic and clinical 

importance [12]. Furthermore, FM 

dimensions are commonly used in 

anthropology and forensic 

investigations because FM with its 

surrounding cranial base can withstand 

physical damage than any other areas 

of the cranium as it is situated in 

relatively protected anatomical location 

with large masses of soft tissue over it 

[20]. 

Although the morphometry and shape 

of the FM have been studied with 

reference to various human population 

groups [9-19,21], to the best of our 

knowledge, none has been documented 

in the literature for Sri Lankans, despite 

its anatomical, anthropological and 

clinical relevance. Hence, the current 

study was conducted to determine the 

dimensions and shape of the FM in a 

Sri Lankan population, make 

comparisons with other population 

groups and investigate the sexual 

dimorphism of FM morphology.
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Materials and Methods

Fifty-seven dry human skulls from the 

Division of Anatomy, Department of 

Basic Sciences, Faculty of Dental 

Sciences, University of Peradeniya, Sri 

Lanka were assembled for this study. 

The sex and age of all skulls were 

retrieved from the personal records of 

body donors. The skulls with no 

apparent gross pathology, deformity, or 

traumatic lesions were included in the 

study. Criteria of exclusion were those 

in which the margins of the foramen 

magnum could not be clearly identified 

owing to breakage and those with 

deformities and trauma affecting the 

landmarks for measurement. Forty-four 

adult skulls 32 males and 12 females 

were selected for the study. Approval 

for this study has been granted by the 

Faculty Research Committee of the 

Faculty of Dental Sciences, University 

of Peradeniya (FDS-FRC/2014/06) and 

therefore, the study has been performed 

in accordance with the ethical standards 

laid down in the 1964 Declaration of 

Helsinki and all subsequent revisions.

The measurements were taken using a 

sliding digital vernier caliper to the 

nearest 0.01mm. The following 

measurements of the FM were recorded 

adopting the landmark definitions 

described in previous studies [12,19];

1. Sagittal diameter (FMSD) - the 

distance between the basion and 

opisthion (Figure 1). Basion and 

opisthion are the points where the 

midsagittal plane intersects the 

anterior margin and the posterior 

margin of the FM, respectively  

2. Transverse diameter (FMTD) - the 

distance between the lateral 

margins of FM at the point of 

maximum lateral curvature (Figure 

1)

31

Figure 1. Measurements of the foramen 

magnum: (a) Foramen Magnum sagittal 

diameter (FMSD), (b) Foramen 

Magnum transverse diameter (FMTD)

The area of the foramen magnum 

(FMA) was calculated using Radinsky's 

formula; A=1/4 X 3.14 X FMTD X 

FMSD [22].  Additionally, the index of 

FM (FMI) was calculated by using the 

formula: FMTD x 100 / FMSD.

The skulls were visually assessed to 

determine the shape of the FM. The 

shape of the FM was recorded as round, 

oval, egg-shaped, tetragonal, 

pentagonal, hexagonal or irregular as 

described by Murshed et al. [12] 

(Figure 2).
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Results

Descriptive statistics with values of the 

minimum, maximum, means and 

standard deviations of all 

measurements of the FM of males and 

females are presented in Table 1. 

Average age of the skulls in the present 

study was 65.25 years. Therefore, FM 

size and shape are considered to be 

fully established and age was not 

considered for further analysis. It is 

evident that males display larger mean 

values than females for all measured 

variables of the FM. Especially, the 

FMTD in male skulls varied between 

24.24-33.48mm with a mean of 

29.74mm, while in females the FMTD 

varied from 25.73-31.76mm with a 

mean of 28.28mm. The difference was 

statistically significant (p<0.05). 

All measurements and observations on 

the shape were recorded by one 

investigator. In order to minimize the 

intra observer error three repeated 

measurements were made for each 

parameter at different sittings with 1-

week interval between sittings, and the 

average of the three measurements was 

taken for further analysis.

Results were expressed as means and 

SDs and the differences in the 

measurements between male and 

female were analyzed using the 

Statistical Package for Social Sciences 

(SPSS), 19th version. Students' t-test 

was used for the analysis and p<0.05 

was considered as statistically 

significant.

Figure 2. Foramen magnum shape variations

(A) Oval type; (b) Egg type; (c) Round type; (d) Tetragonal type; (e) Pentagonal type; 

(f) Hexagonal type; (g) Irregular type A; (h) irregular type B
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Although FMA was larger in males than in females the differences were not statistically 

significant. In addition, the mean FMI was higher in males (85.41±5.66) compared to 

females (83.69±6.13).

Measurement  Males (n=32)  Females (n=12)  Difference  

Range (mm)  Mean ±SD 

(mm)  

Range 

(mm)  

Mean ±SD 

(mm)  

 

FMSD  30.18-39.86  34.62±2.17  30.88-37.47  33.87±2.31  NS 

FMTD  25.62-33.48  29.52±2.13  25.73-31.76  28.28±1.99  * 

FMA 608.67 -

901.44  

695.77±90.64  519.84 -

867.56  

662.56±98.67  NS 

FMI 

(FMTD/FMSDx100)  

68.80-94.62  85.41±5.66  69.59-95.56  83.69±6.13  NS 

 

Table 1. Basic statistics of the FM dimensions and index in males and females

*P<0.05; NS, Not Significant

FMSD; Foramen Magnum Sagittal diameter, FMTD; Foramen Magnum Transverse 

diameter, FMA; Foramen Magnum Area, FMI; Foramen Magnum Index 

We combined the male and female data to analyze the shape of FM because the shape 

difference between the two was not statistically significant. The various shapes of the 

FM observed in the present study are shown in Table 2. 

Table 2. Frequency of different shapes of FM
 

Shape of  foramen magnum  Frequency (%)  

Egg  

Round 

34.1 

27.2 

Oval 13.6 

Tetragonal  13.6 

Irregular  

Hexagonal  

9.1 

2.3 
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ontogenetic sequence and these 

variations are correlated with the 

changes in the brain size and cranial 

capacity during the growth period and 

also linked to specific cranial 

morphologies [24]. 

In the meantime, Smith and Beals [26] 

explained the association between 

cranial capacity and latitude showing 

larger cranial capacity with more 

rounded head in people habitat in cold 

climates. They further emphasised the 

association between the cranial 

capacity and body size with large 

cranial capacity with increasing body 

size. This is further supported by a 

study done by Gonda et al. [27] on 

association of brain size and 

environmental factors in nine-spined 

sticklebacks. They reported that 

variation among tested populations of 

wild nine-spined sticklebacks is large, 

both in terms of brain size and in the 

size of separate brain parts. 

Furthermore, the incongruence between 

the wild and common garden patterns 

suggested that much of the population 

variation found in the wild may be 

attributable to environmentally induced 

phenotypic plasticity. 

These evidence suggest that FM size 

and shape may vary among different 

world human populations and both 

genetic and environmental factors 

contribute for these differences. In 

addition, it is affirmed that FM shape 

and size are correlated with the brain 

size, cranial capacity, and specific 

hemodynamic, hydrodynamic and 

locomotor functions in the region and 

the structural-functional relationships 

Discussion

In any attempt to figure out the 

population differences of FM 

morphology it is important to consider 

about the development pattern of the 

basicranium because it makes us 

understand the balance between genetic 

and environmental contribution on its 

development in different world 

populations. It is evident that in the 

early foetal stages the size of the brain 

stem increases relative to the cerebrum 

and cerebellum. Therefore, the 

youngest foetuses have a voluminous 

brain stem relative to the size of the 

cerebellum. This growth pattern results 

in a larger FM being associated with a 

small cranial vault in early foetal stages 

[23]. However, Richards and Jabbour 

[24] showed that this relationship is 

restricted only to early foetal stages 

because growth increases are minor in 

late foetal stages relative to the 

increases observed in the cranial vault. 

It has also been confirmed that the brain 

stem completes the majority of its 

growth at the termination of the first 

year of life and brain size doubles 

during this time period [25]. In 

addition, the rates of growth in breadth 

of both the FM and the cranial vault 

which dominated early in the 

development stabilize while lengths 

continue to increase slowly during 1-3 

years of age. After 3 years of age FM 

has completed most of its growth while 

the cranial vault continues to increase 

[24]. This confirms that pattern of 

increase in FM length and breadth vary 

during foetal life and even during the 

first year after birth. However, FM sizes 

and shapes tend to vary throughout the 
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between some of these are modified during ontogeny. This is further emphasized by the 

present study which shows clear population variation in both FM size and shape (Table 3).

Table 3.  Comparison of FM diameters of the present sample and with those of other 

FMSD; Foramen Magnum Sagittal diameter, FMTD; Foramen Magnum Transverse 

diameter

Interestingly, the mean values of FM dimensions of Sri Lankans are lower than those 

reported for Brazilian, Turkish, Spanish, Iranian, Nigerian, Kenyan and British 

populations (Table 3). Loyal et al. [28] showed that Kenyans demonstrated a large FM 

having FMSD, 40mm and FMTD, 28mm in males. This is followed by Mediterranean, 

Middle east and European populations who showed moderately larger FM. Murshed et 
2

al. [12] reported that FMSD, FMTD and FMA as 37.2mm, 31.6mm and 931mm  in 
2

males and 34.6mm, 29.3mm and 795mm  in females, respectively in a Turkey 

population. Meanwhile, for an Iranian population Kazemzadeh et al. [15] showed that 

FMSD as 37.72mm and 34.37mm and FMTD as 31.67mm and 28.34mm for males and 

females, respectively.  In a similar study Burdan et al. [29] showed that FMSD and 

FMTD as 36.89mm and 32.47mm in males and 34.76mm and 30.96mm in females, 
2 2

respectively with FMA having 881mm  and 765mm  in males and females, respectively 

in a Poland population. In the meantime, FM dimensions of the present study in a Sri 

Lankan population were less than 35mm in males and 30mm in females in all 

Population FMSD (mm) FMTD (mm) 

 Male Female Male Female 

Turkey [12]  37.2±3.43 34.6±3.16 31.6±2.99 29.3±2.19 

Britain [19]  35.91±2.41 34.71±1.91 30.51±1.77 29.36±1.96 

Spain [13]  36.2±0.3 34.6 ±0.4 31.1±0.3  29.6 ±0.3 

Brazil [14]  36.5±2.6  35.6 ±2.5 30.6±2.5 29.5±1.9 

Iran [15]  37.72±1.01 34.37±1.47 31.67±1.27 28.34±1.4 

Poland [29]  36.89 ± 3.17               34.76 ± 2.96                32.47 ± 3.08         30.96 ± 3.01        

India [30]  35.5±2.8 29.6±1.9 32.0±2.8 27.1±1.6 

Nigeria [16]  36.36±2.3 34.39±3.88 30.9±2.5 28.16±1.9 

Kenya [28]  40.0 34.0 38.0 28.0 

Sri Lanka (Present study) 34.50±2.16 33.87±2.31 29.74±1.98 28.28±1.99 
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study, majority of the FM were either 

egg shaped (34.1%) or round (27.2%). 

In a Turkish population, Murshed et al. 

[12] observed oval shaped FM less 

frequently, 8.1% and more occurrence 

of round (21.8%), irregular (20%), and 

hexagonal (17.2%) shapes. In the 

meantime, Zaidi and Dayal [33] 

reported that 64% of the FM was oval 

in shape in an Indian population. 

Interestingly, Loyal et al. [28] 

analyzing 202 skulls of Kenyans 

reported the shape of the FM to be 

polygonal in 63% of the cases. It is 

evident from these studies that there is 

great variation regarding the 

predominant morphological type of FM 

among different world population 

groups and these differences are related 

to brain size, cranial capacity, specific 

hemodynamic, hydrodynamic and 

locomotor functions in the region and 

even genetic differences of these 

populations.

The FMI derived from the sagittal and 

transverse diameters is a measure of the 

foramen shape [24]. Moreover, the 

index is also helpful in distinguishing 

oval-like or round-like types of 

foramina [29]. The round-like form is 

characterized by the index 0.9-1.1 (90-

110%), while foramina with a value 

below or above it is called as 

longitudinal and horizontal oval like 

ones, respectively [29].  The FMI of the 

present study was 85.41±5.66 in males 

and 83.69±6.13 in females which is 

indicative of the longer FMSD in the 

skulls of the present study.

As the fusion of the bony elements 

forming the FM completes early in life 

parameters with FMA having less than 
2

700mm  in both the sexes. However, 

FM dimensions of Indian populations 

showed close affinities with those of Sri 

Lankans [30]. These differences may be 

attributed to genetic, environmental or 

socio-economic differences among 

these population groups. The broad 

range of variation demonstrated in 

relation to FM sizes emphasize the 

importance of establishing populations 

specific values as those established for 

one population group may not be 

applicable to another population group.

Previous studies of FM shape have 

shown it to be oval in infant and oval to 

round in adults. Rates and patterns of 

fetal growth are in accord with FM 

elongation and its oval shape [31]. 

Postnatal growth rates and patterns 

were found to result in increased 

breadths, reduced growth in length, and 

a general tendency for a broadening of 

the FM. Growth increases in the FM 

mostly occur at the interocciptal 

synchondroses anterior and posterior 

and neither the positioning nor the 

growth patterns of these synchondroses 

are such as to promote evenly 

distributed breadth increases [32]. 

Therefore, in general, the tendency 

during postnatal growth is for foramina 

to become ventrally wide, not circular 

[24]. 

Standard texts of anatomy describe the 

foramen magnum to be usually oval in 

shape [2]. Although this is in agreement 

with the majority of skulls, it ignores a 

large body of evidence regarding the 

other shapes of the FM present among 

different populations. In the present 
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larger dimensions than females,  not 

only for the FMTD, but also for the 

FMSD and area of the  FM. Contrary to 

these views, in studies of Gruber et al. 

[10], Tubbs et al. [6]  and Loyal et al. 

[28], the diameters of the FM did not 

display any significant sexual 

dimorphism. Gruber et al. [10] 

attributed this difference to the smaller 

sample size and greater variability in 

dimensions in their study on Central 

European dry specimens dating from 

Pleistocene to modern times. 

Furthermore, in the present analysis, 

the mean FMA was higher in males is 

than in females. This is in accordance 

with the findings reported in preceding 

studies [9,11,12,17,28] (Table 4). 

However, in contrast to their findings, 

the difference between the means of 

males and females was not statistically 

significant in our study. Uthman et al. 

[9] reported that the FMA could be 

used in sex determination with an 

overall accuracy of 69.3%. 

Discriminant function analyses carried 

out in previous studies have 

demonstrated varying degrees of sex 

predictability by these dimensions of 

the FM. Hence, it is the view of many 

authors that the measurements of the 

foramen should be used in conjunction 

with other sexing evidence available to 

ascertain the sex of unidentified 

individuals [17,19,21]. In the 

meantime, it should be noted that 

smaller female sample size is one of the 

limitations of the present study and 

future studies with larger sample is 

recommended to make concrete 

conclusions.

it is unlikely to respond to any 

significant secondary sexual changes 

[19,34]. Moreover, as the nervous 

system attains maturity at a very young 

age there is no requirement for an 

increase in size. Sex dimorphic 

characteristics in the FM region must 

therefore occur during an early stage of 

development at a time when other 

skeletal elements have not attained sex-

specific traits [19,24]. This feature of 

the FM is significant in gender 

determination in young individuals 

using FM parameters.

All measured variables of the FM have 

been reported to be greater in males 

than in females in almost all previous 

studies [9-19,21]. However, the level of 

significance observed in the sex 

differences varies in different studies.  

These differences observed in various 

studies have been attributed to the 

diverse ethnic groups involved and to 

the variations in methodology and 

statistical analyses adopted [11,17]. In 

the present study, males displayed 

larger FM dimensions than the females. 

However, statistically significant 

difference between the sexes was seen 

only for the measurement of FMTD 

(p<0.05). Although this finding is 

consistent with that of Macaluso Jr. 

[11] in a French sample and 

Vedanayagam and Sathyamurthy [18] 

in an Indian population,  it contrasts 

with the results presented in similar 

investigations on diverse populations, 

including the Nigerian [16], Spanish 

[13], Indian [17], Turkish [12], 

Brazilian [21] and the historic British 

sample from St. Bride's Church [19], 

where males exhibited  significantly 
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Conclusion

This study presents valuable reference 

data regarding the shape and 

morphometry of the FM of an adult Sri 

Lankan population which indeed will 

be of great anthropological, forensic 

and clinical interest. The size and shape 

of the foramen magnum are highly 

variable among different world 

populations. Sri Lankan skulls showed 

smaller foramen magnum in 

comparison with those of African, 

Mediterranean and European 

populations. The sex dimorphic 

measurements of the foramen may be 

used in conjunction with other sexing 

evidence available to ascertain the sex 

of bony fragments of unidentified 

individuals.

Table 4. Comparison of FMA of the present sample and with those of other populations 

as reported in previous studies

Population FMA (mm2) 

 Male Female 

Turkey [12]  931 795 

Iraq [9]  765 670 

South India [17]  705 622 

France [11]  854 807 

Poland [29]  881 765 

South India [35]  748 711 

Sri Lanka (Present study) 695 662 

 FMA; Foramen Magnum Area 
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