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ABSTRACT 

Background: Foramen magnum (FM) is the largest foramen in the skull. Through foramen magnum 

cranial cavity communicates with the vertebral canal.Foramen magnum region in different ethnic 

populations has significant differences between the sexes in their populations. The metric examinations 

show significantly higher values on male skull bases than on female skull bases. Sexual dimorphism is 

one of the major areas of interest to anatomists, anthropologists, skeletal biologists, forensic scientists 

and other specialists. 

Objectives: To assess computed tomographic based measurements of foramen magnum dimensions in 

determination of gender and age in Kashmiri population. 

Methods: A total of 252 (119 males and 133 females) CT skull images ofadult population with 

individuals age range above skeletal immaturity (age above 20 years) wasdone. Analysis of CT images 

was done on a PACS workstation monitor along with an experienced radiologist. 3D multi-planar 

reformation on CT console was done with reformation lines oriented along the lower most points of 

basion and opisthion (sagittal plane) and the mid-point of cervical spinal canal at C1/C2 level (coronal 

plane) to get the maximum cross-sectional area of foramen magnum. 

Results: The mean anteroposterior diameter among males was3.66+0.43cmwhile among females it was 

3.55+0.39cm with 95% confidence interval [-0.008 to 0.211]. The association was statistically 

significant with [p=0.03] and t-value 2.12. The mean transverse diameter was 3.45+0.59cm among 

males and 3.43+0.65cmamong femaleswith 95%confidence interval [-0.134 to-0.174]. The association 

was found statistically insignificant with [p=0.79] and t-value 0.25. The mean A.P, transverse, 

circumference,areaamong>40yearswas3.69+0.58cm,3.47+0.65cm,8.04+3.04cmand30.91+3.71cm2respe

ctively. Tetragonal, irregular and rounded shape was observed in (12.3%), (8.3%), and (4.8%) cases 

respectively. Pentagonal and diamond shape was found in 1.6% and 0.4% respectively. 

Conclusion: Data collected in present investigation could serve as database for the quantitative 

description of dimensions of foramen magnum during normal growth and development considering sex 

and ethnic related variations. 

Keywords:Foramenmagnum, sexualdimorphism,anthropologists,skeletal biologists. 
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INTRODUCTION 

Foramen magnum (FM) is the largest foramen in the skull. Through foramen 

magnum cranial cavity communicates with the vertebral canal. Itcontains the lower end of 

the medulla oblongata, meninges, vertebral arteries, and the spinal accessory 

nerve.1Foramen magnum lies in anteromedian position. It is oval wider behind, with its 

greatest diameter being anteroposterior. Anteriorly, its margin is slightly overlapped by 

the occipital condyles which project down to articulate with the superior articular facets 

on lateralmassesofatlas.1Themainfeaturesoftheexternalsurfacearetheexternaloccipital 

protuberance (EOP), the superior and inferior nuchal lines (SNL and INL) andthe external 

occipital crest (EOC).2The EOPis located midway between the posterior margin of the 

foramen magnum (FM) and the superior angle of the occipital bone and is the siteof 

attachment for ligamentum nuchae. Features visible on the internal surface are the internal 

occipital protuberance (IOP), the internal occipital crest (IOC), and a number of grooves. 

A wide depression marks the site of the COS. The IOC is a prominent ridge running 

inferiorly and anteriorly from the IOP to the posterior margin of the FM and divides in the 

lower part. The falx cerebelli attaches here and the occipital venous sinus is located in the 

attached margin of the falx.2 

The alar ligaments, attached to tubercles on medial side of condyles divide 

foramen magnum into two compartments. (i) The smaller anterior compartment which 

transmits apical ligament, superior band of cruciate ligament, and the membrane tectoria. 

(ii) The larger posterior compartment transmitsthe inferior part of medulla oblongatawith 

its associated meninges, the left and right ascending vertebral arteries, the anterior and 

posterior descending spinal arteries, spinal root of cranial nerve XI, the sympathetic 

nervous plexus around vertebral arteries from the inferior cervical ganglion. 
 

StructurespassingthroughForamenMagnum 

 

Other structures located in the posterior compartment are the veins that connectthe 

plexus of medulla oblongata with vertebral plexus. The inferior partof cerebellar tonsil 

may also project on either side of the medulla oblongata. The anterior and posterior 

margins of foramen magnum provide attachment to anterior and posterior atlanto- 

occipital membrane respectively.2,3,4Identification of human skeletal remains is of major 

importance in medicolegal situations such as criminal cases, mass disasters and human 

right abuse investigations. One of the major biological indicators of identity is the gender 

of an individual.5,6Fragmented or dispersed remains lead to an incomplete assessment 

resultingininconclusivegenderevaluation.7,8Itisthereforeimportanttodevelop 
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methods for fragmented and incomplete skeletal remains. Morphometric methods rather 

thanmorphologicalmethodsofgenderdeterminationusingradiologicaltechniqueassume 

importance in mass nature disasters, explosions, exhumations and warfare where 

fragmentation is common.9 

Sexual dimorphism is one of the major areas of interest to anatomists, 

anthropologists, skeletal biologists, forensic scientists and other specialists. 

Forensic science: the determination of gender in severely compromised human remains 

for the purpose of identifying the deceased.8 

Archaeological sciences: the determination of gender in skeletal remains for accurate 

mortality and morbidity rates of cemetery population.10,11 

Medicalsciences:thegenderdifferenceindiseaseoccurrenceandmorbidity. 

Developmental research: normal and abnormal development and growth with regards to 

sexual dimorphism, 

Primatology and palaenthropology: to identify gender in the fossil record and apply 

models of observed behaviour in extinct primates to anthropoid group.12 

Previous studies have examined the foramen magnum region in different ethnic 

populations and found significant differences between the sexes in their populations13-18. 

The metric examinations show significantly higher values on male skull bases than on 

female skull bases. The degree of expression of sexual dimorphism led to different 

classification methods for the different populations. Holland TD (1986)19achieved 71– 

90% correct predictions by using the multiple linear regression analysis within the Terry 

Collection.Routalet al.(1984)20areoftencitedwith100%correctpredictions.Suazo 

etal.(2009)wereableto correctly classify66.5% oftheirBrazilianpopulationwithlinear 

discriminant analysis21. The results of Gapert et al. (2009)13for a British population 

showed a maximum correct classification of 69.7–70.7% by using multivariate functions 

and 70–76% using linear regression equations. In recent years, studies have been 

published that used computed tomography (CT) data for the occipital region 

measurements. Uthman et al. (2012) evaluated an Iraqi population and used regression 

analysis with 81.8% correct sex prediction15. Edwards et al. (2013) used CT data of a 

Swiss population to develop discriminant functions with a predictive accuracy of 66%. 

Theirregression analysis ledto 66.8%correct classifications16. Franklin et al. (2013)used 

3D image reconstruction for their investigations in a West Australian population. Their 

discriminant functions led to estimates with up to90% correct predictions. However, they 

did not limit their investigations solely to the foramen magnum region, butused measuring 

ranges on the entire skull17. 

Cranial analyses, whether morphognostic or morphometric have played an 

important role in examining age at death22-28biodistance, cranial variation and 

geographical relations29-36, cranial development37-40and gender.41-48Foramen magnumhas 

been seen to exhibit difference between males and females but this difference is 

population specific as demonstrated by studies in Iraq49, Brazil50, Poland.51This has also 

been seen in India in diverse geographical locations as in Uttar pardesh52, Gujarat53, 

Chandigarh54, and Madhya Pradesh.55The dimensions of foramen magnum are affectedby 

social, environmental and genetic factors. 
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Fetuses at 9 weeks gestation have an ossification center around the hypoglossal 

canal in each exoccipital part and a single median ossification center in the basioccipital 

cartilage56. At 12 weeks gestation, a pair of ossification centers in the supraoccipital 

cartilage fuse together to form the supraoccipital bone. Rostral to the supraoccipital bone, 

the second pair of ossification centers in the membranous portion fuse to form the 

interparietal bone The intraparietal portion ossifies intramembranous while the rest of the 

occipital bone ossifies endochondrally utilizing cartilage as a precursor57. The 

supraoccipital and interparietal bones then fuse midline, but at this point in development 

are still separated laterally by the mendosal suture. At 14 weeks, ossification of the 

basioccipital occurs and advances laterally into the ventral portion of the condylars, while 

concurrently the ventral portions advance intothedorsalportions.Also,duringthe14th week, 

the fusion of the supraoccipital and interparietal bones progress almost to completion. The 

full union of these segments does not occur until between 2 and 4 years of age56. By the 

16th week of fetal development, all intramembranous ossification centers are generally 

fused forming a lattice of trabeculae overlaying the external surface of the occipital 

squama58The exoccipitals remain separated from both the basioccipital and the 

supraoccipital segments by synchondroses and does not fuse until between 2 and 4 years 

of age56. 

 

AIMSANDOBJECTIVES 

1. To measure and evaluate dimensions of foramen magnum among males and 

females of Kashmiri population and to establish its role in sexual dimorphism 

using computed tomography. 

2. To measure and evaluate sagittal diameter, transverse diameter, area and 

circumference of foramen magnum among males and females in different age 

group. 

3. To observe the most common shape of foramen magnum among the studied 

population. 

 

MATERIALANDMETHODS 

This observational cross-sectional study was carried out in the Postgraduate 

Department of Anatomy in collaboration with Postgraduate Department of Radio- 

diagnosis and Imaging, Govt. Medical College Srinagar. A total of 252 (119 males and 

133 females) CT skull images, of adult population with individuals age range above 

skeletal immaturity (age above 20 years) done for various reasons were taken from the 

Department of Radiodiagnosis and Imaging, GMC Srinagar. The present study was done 

under ethical clearance vide order no. 165/ETH/GMC. 

The scans were obtained from 16 slice spiral CT unit (Siemens Somotam 

Sensation, Germany).On theCTworkstation after retrieval ofdatafrom picturearchiving 

and communication system (PACS) multi-planar coronal, sagittal and axial 

reconstructions were performed. Reconstruction parameters had slice thickness 1.5 mm, 

recon increment 1.0 mm, field of view (FOV) 223 × 223 mm, window: osteo and kernelas 

H70s sharp FR (Head 70 smooth sharp Fast Reconstruction). Analysis of CT images was 

done on a PACS workstation monitor along with an experienced radiologist. 3D multi-

planar reformation on CT console was done with reformation lines oriented along the 

lower most points of basion and opisthion (sagittal plane) and the mid-point ofcervical 

spinal canal at C1/C2 level (coronal plane) to get the maximum cross-sectional area of 

foramen magnum. Reformatted axial image of the foramen magnum showing the 
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greatest sagittal diameter was selected. Free ROI (Region of interest) technique using 

electronic calliper tool was used to select the inner bony margin of the foramen magnum. 

Five parameters pertaining to dimensions of foramen magnum were measured separately. 

The shape of foramen magnum was also observed. 
 

Image showing 3D multiplanar reformation on CT console with reformation lines oriented along 

lower most points of basion and opisthion (sagittal plane) and the mid-point of cervical spinal 

canal at C1/C2level(coronal plane) toget themaximumcross-sectional area offoramenmagnum 

 

 

The following anatomical landmarks were used in determiningvarious parameters: 

Antero-posterior diameter/Maximum length of the foramen magnum (LFM) was 

measured from the midpoint of the anterior margin of the FM to the midpoint of the 

posterior margin of the FM along the principle axis of foramen magnum in mid- sagittal 

plane. Transverse diameter/Maximum width of the foramen magnum (WFM) was 

measured between the lateral margins of the FM at the point of greatest lateral curvature 

and recorded as the widest transverse diameter of the foramen magnum perpendicular to 

mid sagittal plane. 

Circumference of foramen magnum which is Perimeter of foramen magnum 
obtained by tracing the entire border of foramen magnum. 

Areaofforamenmagnumwasautomaticallyobtainedbytracingbonymargins using area 
tool 

Variation in shape of foramen magnum was noted by visual examinations of 
theimages. 
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(A) Figureshowing1anteroposterior diameter2.transversediameter3.circumference 

(B) Imageshowingareaofforamenmagnum 

 

Inclusioncriteria: 

AdultKashmiripatientsaged20yearsandabove. 

Exclusioncriteria: 

Individualswithagelessthan20years(skeletalimmaturity), Previous 

surgery involving occipital bone, 

Traumacausingfractures aroundforamenmagnum, 

Basilar invagination, Chiari malformation, achondroplasia and other skeletal 

dysplasia involving skull base. 

Staistical Analysis: The recorded data was compiled and entered in a spreadsheet 

(Microsoft Excel) and then exported to data editor of SPSS Version 20.0 (SPSS Inc., 

Chicago, Illinois, USA). Statistical software SPSS (version 20.0) and Microsoft Excel 

were used to carry out the statistical analysis of data. Continuous variableswereexpressed 

as Mean+Standard deviation and categorical variables were summarized as percentages. 

Student’s independent t-test was employed for comparison of various parameters based on 

age and gender. Graphically the data was presented by bar and pie diagrams. P-value of 

less than 0.05 was considered statistically significant. All P-values were two tailed. 

 

RESULTS 

 

This observational cross-sectional study was carried out in the Post-Graduate 

Department of Anatomy and Post-Graduate Department of Radio-diagnosis and Imaging 

at Government Medical College, Srinagar. A total of 252 (119 malesand 133 females)CT 

skull images, of adult population (age above 20 years) done for various reasons were 

taken from the Department of Radiodiagnosis and Imaging, GMC Srinagar. The mean 

anteroposterior diameter among males was 3.66+0.43cm while among females it was 

3.55+0.39cm with 95% confidence interval [-0.008 to 0.211]. The association was 

statistically significant with [p=0.03] and t-value 2.12. The mean transverse diameter was 

3.45+0.59cmamongmalesand3.43+0.65cmamongfemaleswith95%confidence 

(A) (B) 
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interval [-0.134 to-0.174]. The association was found statistically insignificant with 

[p=0.79] and t-value 0.25. 

Themeancircumferenceamongmaleswas8.26+3.06whileinfemalesitwas 

8.16+3.09 95% confidence interval [-0.664 to 0.864]. The association was statistically 

insignificant with [p=0.798] and t-value 0.25. The mean area among males was 

30.50+3.45cm2whileamongfemalesitwas31.30+2.53cm295%confidenceinterval[- 

1.545 to 0.054]. The association was statistically significant [p=0.03] and t- value2.13. In 

thepresentstudythemeananteroposterior,transverse,circumferenceandareaamong 

<40yearswerefoundtobe3.60+0.44cm,3.38+0.58cm,8.38+3.10cmand30.10+4.12cm2respec

tively. The mean A.P, transverse, circumference, area among >40years was 3.69+0.58cm, 

3.47+0.65cm, 8.04+3.04cm and 30.91+3.71cm2respectively. Mostcommon shape 

observed was hexagonal accounting for (46%) followed by (26.7%) 

participantshavingoval shapecharacteristic.Tetragonal,irregularand roundedshapewas 

observed in (12.3%), (8.3%), and (4.8%) cases respectively. Pentagonal and diamond 

shape was found in 1.6% and 0.4% respectively. 

 

Table1:Dimensionsofvariousparameters offoramenmagnum 

amongmalesandfemalesonCT scan 

 Antero- 

posterior 
diameter 

Transverse 

diameter 
Circumference Area 

foramen 

magnumamong 

malesonCT 
scan 

Mean 3.66cm 3.45cm 8.26cm 30.50cm2 

S.D 0.43cm 0.59cm 3.06cm 3.45cm2 

S.E 0.03cm 0.05cm 0.28cm 0.31 cm2 

foramen 

magnumamong 

Females on CT 

scan 

Mean 3.55cm 3.43cm 8.16cm 31.30cm2 

S.D 0.39cm 0.65cm 3.09cm 2.53 cm2 

S.E 0.03cm 0.05cm 0.26cm 0.21 cm2 

 

 

Table2:Comparison ofvariousparametersaspergender 

 

Parameter 

Male 
[n=119] 

Female 
[n=133] P- 

value 

95% 

confidence 

Intervalof 

difference 

 

t-value 

Mean SD Mean SD 

Anteroposterior 
diameter 

3.66 0.43 3.55 0.39 0.03 -0.01to 0.21 2.12 

Transverse 

diameter 
3.45 0.59 3.43 0.65 0.79 -0.13to 0.17 0.25 

Circumference 8.26 3.06 8.16 3.09 0.80 -0.66to 0.86 0.25 

Area 30.50 3.45 31.30 2.53 0.03 -1.54to 0.05 2.13 
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Table3:DimensionsofparametersofForamenMagnumin patients aged 
<40 and >40 years (n=101) 

 Antero- 

posterior 

diameter 

Transverse 

diameter 
Circumference Area 

Foramen Mean 3.60 3.38 8.38 30.10 
Magnumin S.D 0.44 0.58 3.10 4.12 
patientsaged 

<40years 
S.E 0.04 0.05 0.30 0.40 

Foramen Mean 3.69 3.47 8.04 30.91 

Magnumin S.D 0.58 0.65 3.04 3.71 
patientsaged      

>40years 
S.E 0.04 0.05 0.24 0.02 

 

 

Table4:Comparison ofvarious parameters asperage 

 

Parameter 

≤40Years 

[n=101] 

>40Years 

[n=151] 
 

P-value 

95% 

confidence 

Intervalof 

difference 

t - 

Value 
Mean SD Mean SD 

Anteroposterior 
diameter 

3.60 0.44 3.69 0.58 0.18 
-0.22to 

0.04 
1.32 

Transverse 

diameter 
3.38 0.58 3.47 0.65 0.26 0.08 to 0.24 1.12 

Circumference 8.38 3.10 8.04 3.04 0.38 
-0.43to 

1.11 
0.86 

Area 30.10 4.12 30.91 3.71 0.11 
-1.97to 

0.17 
1.62 

 

 

DISCUSSION 

The present study explored the dimensions of various parameters of foramen 

magnum like anteroposterior diameter, transverse diameter, circumference and area 

among males and females and in different age groups. The most common shape of 

foramen magnum was also observed 

CTfindingsonthebasisofdimensionsofforamenmagnumamongmales andfemales: In the 

present study, the mean value of anteroposterior diameter, transverse diameter, 

circumference, and area among males and females was 3.66+0.43cm, 3.45+0.59cm, 

8.26+3.06cm,30.50+3.45cm2and3.55+0.39cm,3.43+0.65cm,8.16+3.09cm, 

31.30+2.53cm2respectively as shown in table 2 and table 3. The values were higher in 

males as compared to females. Among all four parameters, p value was found statistically 

significant (p=0.03) in anteroposterior diameter and area while p value (p=0.79) was 

found statistically insignificant in transverse diameter and circumference. The results of 

this study are in agreement with the study by Raiker NA et al (2016)59who found values 

for all the four parameters higher in males than in females with significant p value 

(p<0.05)forallthefourparametersi.e.,anteroposteriordiameter,transversediameter, 
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circumferenceandarea,highlightingsexualdimorphisminFMdimensions.However, 
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unlike our study they used submentovertex radiograph and found circumference as the 

best indicator for sex determination followed by area, transverse diameter and 

anteroposterior diameter while in our study anteroposterior diameter and area was found 

to be the best indicator. Kumar A et al., (2019)60, Gargi V et al., (2018)61,Jaitley M et al., 

(2016)62and Tambawala SS (2016)63conducted CT based studies similar to our study on 

thevariousparametersof foramenmagnumwheretheyfoundsignificantpvalue(p<0.05) 

among these parameters showing sexual dimorphism in foramen magnum dimensions, 

wherein they also concluded that the area is best parameter for gender determination. CT 

study conducted by Erdil FH et al (2010)64calculated anteroposterior diameter between 

opisthion and basion and transverse diameter as the maximum width. They found a 

significant positive corelation between the values of transverse and anteroposterior 

diameters of FM measurements (r=0.63; p<0.05). The comparison of the difference 

between anteroposterior and transverse diameter values in male and femalesubjects shows 

statistically significant in terms of size. In male subjects, anteroposterior and transverse 

diameter were longer than in females. 

On comparison of all the four parameters in present study slight variation was 

found in dimensions of foramen magnum among males and females. The mean 

anteroposterior diameter among males was 3.66+0.43cm while among females it was 

3.55+0.39cm with 95% confidence interval (-0.008 to 0.211). The association was 

statistically significant with p=0.03 and t-value 2.12 as shown in table 4 similar results 

were found by El-Atta A et al (2020)65who found significant p value = 0.002 with mean 

anteroposterior diameter 3.68+0.33cm in males and 3.57+0.33cm in females respectively. 

The mean transverse diameter was 3.45+0.59cm among males and 3.43+0.65cm among 

females with 95%confidence interval [-0.134 to -0.174]. The association was found 

statistically insignificant with p=0.79 and t-value 0.25 as shown in table 4 however, 

studies conducted by Taib AA et al (2021)66found p value significant (p=0.002) in 

transverse diameter among males 3.24+0.31cm and 3.07+0.32cm respectively. 

The mean circumference among males was 8.26+3.06cm while in females it was 

8.16+3.09cm 95% confidence interval [-0.664 to 0.84]. The association was statistically 

insignificant with p=0.798 and t-value 0.25 as shown in table 4 unlike present study p 

value was statistically significant p<0.001 in the study conducted by Uthman etal 

(2012)49who found mean circumference in males 9.26+0.65cm and 9.93+6.2cm in 

females respectively. The mean area among males was 30.5+3.45cm2while among 

females it was 31.3+2.53cm295%confidence interval [-1.545 to 0.054]. The association 

was statistically significant p=0.03 and t-value 2.13 however Wani H A et al 

(2019)67found p value insignificant p=0.78 with mean area in males 80.6+9.84cm2and 

8.78+9.84cm2in females respectively. 

CT Findings of dimensions on the basis of age: In the present study, dimensions of 

various parameters in two age groups <_40 years and >40years were compared. The mean 

anteroposterior diameter, transverse diameter, circumference andarea were 

foundtobe3.60+0.44cm,3.38+0.58cm,8.38+3.10cm,30.10+4.12cm2and3.69+0.58cm, 

3.47+0.65cm, 8.04+3.04cm, 30.91+3.71cm2respectively. There were no significant 

differences foundin dimensions offoramenmagnum in any ofthefourparametersamong the 

age groups which corresponds to the study conducted by Gapert R et al (2013)68who 

compared dimensions of various parameters of FM among <50 years and >50 years. The 

statistical analyses showed no significant age effect on any of the variables suggestingthat 

separation by age isnotnecessary for the developmentof sex determining methods. 
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Similarly, Samara Osama A et al (2017)69performed there CT study to evaluate 

anteroposterior diameter, and transverse diameter among males and females and thevalues 

of these parameters in different age group (age range 19-95 years with mean age57 years). 

They found a statistically significant mean difference betweenthe anteroposterior and 

transverse diameters (p <0.001). Additionally, a strong positive linear correlation was 

found between the two variables (r=0.52, p<0.001). There was no statistically significant 

difference in age between males and females (p=0.2). A weak negative linear correlation 

was found between participants age and the anteroposterior diameter (r=-0.15, p=0.02) as 

well as participants age and the transverse diameter (r=- 0.14, p=0.03). The findings of 

present study are similar to Hosseini A et al (2021)70who conducted their study among 

15-50 years individuals. A.P, Transverse diameter and area were measured. All of the 

parameters of FM (length, width, area, and FM index), were larger in men than 

women.The highest accuracy for sex determination was FM width. The morphometric 

analysis of foramen magnum was found useful for gender determination but could not be 

found suitable for age determination. 

CT findings on the basis of shape: In the present study, most common shape observed 

was hexagonal accounting for (46%) followed by (26.7%) participants having oval shape 

characteristic. Tetragonal, irregular and rounded shape was observed in (12.3%), (8.3%), 

and (4.8%) cases respectively. Only (1.6%) and (0.4%) had either pentagonal or diamond 

shape characteristics. Similar observation was made by Taibb AA et al (2019)66, Khalid 

Aljarrah et al (2021)71, Zaidi and Dayal (1998)72who reported that the hexagonal type is 

the most common type. On the other hand, Ganapathy A et al (2014)73, Agakani K et al 

(2016)74,Sharmaetal(2015)75,revealedthatovaltypeisthemost common. MurshedKA et al 

(2003)76found out that the most common type was round type. The tetragonal type was 

reportedto be the most common type by Sindel et al (1989)77. The difference in most 

common type of shape of FM could be attributed to different ethnic groups studied. The 

variations in shapes of FM are important in various neurological interpretations as in case 

of oval type, surgeons during operative procedures may find difficulty in exploring the 

anterior portion of FM. 

CONCLUSION 

Data collected in present investigation could serve as database for the quantitative 

description of dimensions of foramen magnum during normal growth and development 

considering sex and ethnic related variations. The findings of the present study allow for 

quantification of the foramen magnum features of Kashmiri adult population and provide 

parameters for preoperative planning and can also be used for identification in medico- 

legal cases. 
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