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imum intercondylar distance, maximum bicondylar 

distance and maximum medial intercondylar distance 

were measured. All data were subjected to discrimi-

nant functions analysis. 

All nine measurements were significantly higher 

in males than females. Among these measurements, 

the right condyle length, minimum intercondylar dis-

tance and foramen magnum width were able to deter-

mine sex in Sudanese individuals with an accuracy 

rate of 83 %.

طريق  عن  ال�سوداني  المجتمع  اأفراد  عند  الجن�س  عن  التنبوؤ 
موؤخر  )لقمة  القذالية  واللقمة  )الكبرى(  العظمى  الثقبة 

الراأ�س( با�ستخدام قيا�سات الت�سوير المقطعي المحو�سب 

الم�ستخل�س
هوية  على  الا�ستعراف  في  بالغة  اأهمية  ذو  الجن�س  تحديد  يعد 
الاأفراد. وت�سكل الثقبة العظمى )foramen magnum( معلماً مهماً  
قيا�سات  قيم  درا�سة  اإلى  البحث  هذا  ويهدف  الجمجمة.  قاعدة  في 
المقطعي  الت�سوير  با�ستخدام  الجن�س  عن  التنبوؤ  في  العظمى  الثقبة 
اأجريت  وقد  ال�سوداني.  المجتمع  من  اأفراد  عند   )CT( المحو�سب 

Abstract
Sex determination is important in establishing the 

identity of an individual. The foramen magnum is an 

important landmark of the skull base. The present re-

search aimed to study the value of foramen magnum 

measurements to determine sex using computed to-

mography (CT) among Sudanese individuals. 

Foramen magnum CT scans of 400 Sudanese in-

dividuals (200 males and 200 females) aged 18 - 83 

years were included in this study.  Foramen magnum 

(length and width), right occipital condyle (length and 

width), left occipital condyle (length and width), min-
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العظمى  للثقبة  المحو�سب  المقطعي  بالت�سوير  م�سح  بعمل  الدرا�سة 
مئتان  منهم  �سنة،   18-83 بين  اأعمارهم  تتراوح  �سوداني  لاأربعمئة 
العظمى  الثقبة  قيا�سات  اأخذ  وتم  الاإناث.  من  ومثلهم  الذكور  من 
والي�سرى من  اليمنى  القذالية  واللقمة  والعر�س،  الطول  من حيث 
اللقمتين،  بين  ال�سغرى  الحدية  والم�سافة  والعر�س،  الطول  حيث 
ثنائي  الق�سوى  والم�سافة  اللقمتين،  بين  الكبرى  الحدية  والم�سافة 
وكانت  التمايز.  وظائف  لتحليل  البيانات  جميع  اإخ�ساع  تم  اللقمة. 
جميع القيا�سات الت�سعة بالدلالة الاإح�سائية اأعلى عند الذكور منها 
عند الاإناث. ومن بين هذه القيا�سات، كان كل من قيا�س طول اللقمة 
وعر�س  اللقمتين  بين  الم�سافة  ال�سغرى  الحدية  والم�سافة  اليمنى، 
الثقبة العظمى قادرة على تحديد الجن�س في اأفراد المجتمع ال�سوداني 

مع معدل دقة و�سل اإلى 83٪.

  

   
1. Introduction

Forensic anthropology has been one of the fastest grow-

ing medico-legal disciplines due to its invaluable, contribu-

tion and services to law enforcement agencies and criminal 

justice [1]. It offers help in the identification of deceased 

individuals whose remains are burned, mutilated, decom-

posed or otherwise unrecognizable. Using physical markers 

present on a skeleton, a forensic anthropologist can possi-

bly ascertain a victim’s age, sex, stature, and ancestry. Ad-

ditionally, forensic anthropologists can make use of skeletal 

abnormalities to potentially determine cause of death, past 

trauma such as broken bones or medical procedures, as well 

as diseases such as bone cancer [2]. 

Accurate sex determination is an important and one of 

the foremost criteria in establishing the identity of an in-

dividual [3]. Numerous studies have been conducted and 

are in progress in many parts of the world for sex deter-

mination from different human bones, i.e. skull, pelvis, 

long bones and scapula that are often recovered either in a 

fragmented or mutilated form [4]. Sex determination is also 

done through measuring certain bone dimensions, e.g., the 

foramen magnum (FM) and the occipital condyles, and then 

subjecting these measurements to the discriminant function 

analysis as a statistical model in sex determination [5].

The FM is an opening in the occipital bone through 

which the cranial cavity communicates with the vertebral 

canal. The occipital condyles lie lateral to each side of the 

FM [6].

Advances in modern technologies such as computed 

tomography (CT) scanning, Magnetic Resonance Imaging 

(MRI) and computer-based anthropometry have significant-

ly improved the accuracy of skeletal analyses, especially in 

sex determination [7]. 

The purpose of this study was to evaluate the ability of 

using the FM dimensions alone or in combination with the 

occipital condyles measurements in sex determination us-

ing high resolution multi-slice CT scans among the Suda-

nese population.

2. Materials and Methods
This is a cross-sectional study which was conducted on 

randomly selected Sudanese individuals, who visited the 

Antalia Radiology Center (Sudan) between January and 

October 2013 for medical reasons. A sample of 400 high-

resolution multi-slice CT scans of the head was evaluated 

to record 9 measurements of the FM and occipital condyles 

in individuals aged 18 - 83 years. The studied group con-

sisted of 200 males and 200 age-matched females. Prior 

approval was obtained from the Antalia Radiology Center 

ethics committee to conduct this research (Ref. code: 121-

9/11/2012. Patients with history of trauma, surgery, patho-

logical lesions or poor image quality in the region of the 

FM were excluded from the study.

العظمى،   الثقبة  الإن�سان،  علم  الجنائية،  الأدلة  المفتاحية:  الكلمات 
المجتمع  التمايز،  وظائف  تحليل  المحو�سب،  المقطعي  الت�سوير 

ال�سوداني.
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2.1 Radiographic measurements

The measurements were recorded by a trained radiolo-

gist on high-resolution multi-slice CT. The authors used a 

Bright Speed device (General Electric Healthcare Com-

pany, India) that produces high-quality diagnostic images, 

with built-in solutions to accelerate acquisition, processing, 

transfer, high productivity by adjusting window width/win-

dow level (WW/WL) values for single-bundle versus dou-

ble-bundle reconstruction. K-PACS V 1.6.0 image viewer 

(Image Information System Ltd, Copyright 2007, UK) was 

used for viewing and manipulating DICOM images, mak-

ing measurements and converting them into several image 

formats. This software manages large thick-slice data sets 

easily and quickly. The images were reconstructed and 

El- Barrany et al.

Figure 1- Foramen magnum CT images showing studied parameters.
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viewed on the scanner’s workstation using the appropriate 

software package. Nine dimensions were measured, and 

these measurements were obtained from the reconstructed 

images by the same person. Measurements were repeated 

in triplicate and the mean was recorded:

1. Minimum intercondylar distance (MnID): The min-

imum distance between the medial edges of the ar-

ticular surfaces of the condyles (D1-D2) (Figure-1).

2. Maximum bicondylar distance (MBD): The bicon-

dylar breadth; the maximum distance between the 

lateral edges of the articular surfaces of the con-

dyles (C1-C2) (Figure-1).

3. Maximum medial intercondylar distance (MID): 

The intercondylar breadth; the maximum distance 

Sex Prediction Using Foramen Magnum and Occipital Condyles Computed Tomography Measurements in Sudanese population

Figure 2- Correlation between A: Length of Right Condyle (LRC) and Length of Left Condyle (LLC) among the female group, B: between 
Length of Right Condyle (LRC) and Length of Left Condyle (LLC) among the male group. C: Width of Right Condyle (WRC) and Width of 
Left Condyle (WLC) among the male group.
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Table 1- Mean values of the nine measurements and their significance among the Sudanese population.

Variables
Measurement (mm)

Male (n=200) Female (n=200) t-test for equality of 
means

Mean±SD Min-Max Mean±SD Min-Max test 
statistic

Sig. 
(2-tailed)

Minimum Intercondylar Distance 
(MnID) 10.49±2.63 5.20 - 19.60 9.62±2.15 4.40 - 15.37 3.643 0.000*

Maximum Bicondylar Distance 
(MBD) 48.90±4.73 31.20 - 59.60 46.89±4.02 27.61 - 57.00 4.576 0.000*

Maximum Medial Intercondylar 
Distance (MMID) 27.20±2.74 19.48- 37.30 25.46±2.50 18.26 - 33.19 6.608 0.000*

Length of the Foramen Magnum 
(LFM) 38.54±3.22 27.32 - 49.70 37.05±2.99 30.04 - 45.50 4.805 0.000*

Width of the Foramen Magnum 
(WFM) 31.57±2.62 24.5 - 38.6 30.33±2.46 23.5 - 38.2 4.873 0.000*

Length of Right Occipital Condyle 
(LRC) 25.52±2.68 18.6 - 32.6 21.41±2.05 17.0 - 27.9 17.203 0.000*

Length of Left Occipital Condyle 
(LLC) 25.40±3.04 17.30 - 32.6 21.50±2.19 16.9 - 28.7 14.712 0.000*

Width of Right Condyle (WRC) 11.39±1.51 7.80 - 16.16 10.62±1.34 7.66 - 16.37 5.421 0.000*

Width of Left  Condyle (WLC) 11.33±1.71 7.81 - 22.72 10.38±1.33 6.35 - 17.78 6.204 0.000*

SD; standard deviation, * significant p> 0.001; Min=Minimum, Max=maximum.

Table 2- Canonical discriminant function coefficients among the nine measurements.

Measurements
Function

1

Minimum Intercondylar Distance (MnID) 0.159

Width of the Foramen Magnum (WFM) 0.063

Length of Right Condyle (LRC) 0.406

Constant -13.080



419

between the medial articular margins of the con-

dyles (E1-E2) (Figure-1).

4. Length of the foramen magnum (LFM): The maxi-

mum internal length of the foramen magnum along 

the midsagittal plane (A1-A2) (Figure-1).

5. Width of the foramen magnum (WFM): The maxi-

mum internal width of the foramen magnum per-

pendicular to the midsagittal plane (B1-B2) (Fig-

ure-1).

6. Length of right occipital condyle (LRC): The max-

imum length of right condyle along the long axis 

from the edges of the articular surface (A1-A2) 

(Figure-1).

7. Length of left occipital condyle (LLC): The maxi-

mum length of left condyle along the long axis from 

the edges of the articular surface (B1-B2) (Fig-

ure-1).

8. Width of right occipital condyle (WRC): The maxi-

mum width of right condyle from the articular edges 

along a line perpendicular to the long axis (C1-C2) 

(Figure-1).

9. Width of left occipital condyle (WLC): The maxi-

mum width of left condyle from the articular edges 

along a line perpendicular to the long axis (D1-D2) 

(Figure-1).

2.2 Statistical analysis 

All statistical data were analyzed using SPSS for Win-

dows, version 18 (statistical package for social science, 

Chicago, Illinois, USA). Mean and standard deviations 

were obtained for all measurements. The Pearson’s corre-

lation coefficient between variables in both sexes was cal-

culated. Student’s t-test was used to quantify the difference 

between the male and female measurements. A p-value of 

≤0.05 was considered significant. Fisher’s linear and ca-

nonical discriminant functions analysis were performed to 

Sex Prediction Using Foramen Magnum and Occipital Condyles Computed Tomography Measurements in Sudanese population

Table 4- Fisher’s linear discriminant function analysis demonstrating the statistically significant three lines.

Measurements
Sex

Male Female

Minimum Intercondylar Distance (MnID) 2.690 2.391

Width of the Foramen Magnum (WFM) 4.413 4.294

Length of Right Condyle (LRC) 4.504 3.744

Threshold Constant (c) -141.897

Table 3- The accuracy of the function analysis to predict sex among the Sudanese population.

Sex
Predicted Group Membership

Male Female

Male (n=200) 162 38

Female (n=200) 25 175

Male (100%) 81.0 19.0

Female (100%) 12.5 87.5
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identify sex predictor variables. From these analyses, coef-

ficients and constants were obtained for deriving discrimi-

nant function equations. The bone was classified as female 

if the value of the female equation was greater than the 

male and vice versa.

3. Results
The study included 400 subjects (200 males and 200 fe-

males) aged 18-83 years. Regarding the age distribution of 

the studied population, there was no significant difference 

among different age groups (p value >0.05).

Table-1 shows that nine measurements of FM and oc-

cipital condyles were significantly greater in males than in 

females. 

Pearson’s correlation was applied for all measurements. 

Among the female group, the strongest positive correlation 

was between LLC/LRC (r=0.9; Figure 2-A). While in the 

male group, the strongest positive correlation was between 

LLC/ LRC (r= 0.791; Figure 2-B) and WLC/ WRC (r= 

0.790, Figure 2-C).

Table-2 and Table-3 show the discriminant function 

analysis among the nine variables, where the canonical 

correlation was 0.684, with MnID, LRC and WFM emerg-

ing as the main predictor variables of sex determination.  

They could correctly classify 84.3% of the cases examined; 

males were correctly classified 81 % of the time and fe-

males were correctly classified 87.5 % of the time.

Table-4 shows Fisher’s linear discriminant function 

analysis. The equations, provided by this analysis, were 

used to calculate Dmale and Dfemale as follows:

Dmale [(4.504x RLC)+ (4.413x WFM)+ (2.690x MnID)]- 

141.897

Dfemale [(0.744x RLC)+(4.294x WFM)+(2.391x 

MnID)]− 117.403

The bone is classified as female if the value of                   

Dfemale is greater than the value of Dmale and vice versa.

4. Discussion
Sex determination sets the stage for other demographic 

factors to be determined. However, it can be a very diffi-

cult exercise in the absence of a complete skeleton. Thus, 

researchers have attempted and used metric variables from 

intact and fragmentary skeletal materials in the derivation 

of discriminant function equations. Craniometric measure-

ments can be used to identify an individual from a skull 

found detached from its skeleton [8]. 

Nine measurements of FM and occipital condyles were 

significantly greater in males than in females. These results 

indicated the presence of significant sexual dimorphism on 

examining the CT scans. 

The LFM was greater in males than females, 38.54 ± 

3.22 mm versus 37.05 ± 2.99 mm, respectively. This result 

was in agreement with Uthman et al. [5] who found that 

LFM was also higher in males (34.9 ± 2 mm) than females 

(32.9 ± 2 mm) in the Turkish population. On the contrary, 

Singh and Talwar [9] reported that LFM was insignificant 

in predicting sex among Indian population. 

In this study, WFM was also higher in males than fe-

males (31.57 ± 2.6 mm versus 30.33 ± 2.5 mm). This is 

in agreement with the findings of Uthman et al. [5] and 

Gopalrao et al. [10]; however, WFM values reported in the 

present study were much higher than Uthman et al. [5]. 

This difference in WFM may be due to normal individual 

variations or using a different measurement technique in 

their study (helical CT). 

Results of this study showed that both LRC (25.52±2.68 

mm) and LLC (25.40±3.04 mm) in males were significant-

ly higher (p=0.000) than LRC (21.41±2.05 mm) and LLC 

(21.50±2.19 mm) in females. Condyle’s lengths reported in 

El- Barrany et al.
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this study were in conformity with the lengths reported by 

Bello et al. [11] and Kumar et al. [12], who found that the 

LRC in Indian dry skulls was 23.88 ± 1.5 mm for males and 

22.6 ± 1.30 mm for females, whereas the LLC was 24.99± 

1.82 mm for males and 24.20 ± 1.62 mm for females. How-

ever, results reported in this study were in disagreement 

with Lang and Hornung [13], who studied these measure-

ments in the German population. This may be due to differ-

ences in geographical location and ethnicity.

In the present study, the measured WRC and WLC 

in males and females were as follows: 11.39 ± 1.51 mm, 

10.62 ± 1.34 mm, 11.33 ± 1.71 mm and 10.38 ± 1.33 mm, 

respectively. Kumar and Nagar [12] reported higher WRC 

and WLC values. They found that the mean WRC in the 

Indian male and female was 12.97 ± 1.43 mm and 11.65 ± 

1.33 mm, whereas WLC was 14.11 ± 1.01 mm and 13.85 ± 

1.02 mm, respectively. 

Results reported in this study showed that the measured 

MBD was 48.90 ± 4.73 mm in males and 46.89 ± 4.02 mm 

in females. Contrary to this study, mean MBD reported 

by Gapert et al. [14] was slightly higher in British males 

(51.29 mm) and females (48.67 mm). Wescott and Morre 

Jansen [15], who studied foramen magnum among the Af-

rican–American population, found that the mean MBD in 

black males and females was 49.6 mm and 47.3 mm, re-

spectively; and among white males and females it was 51.9 

mm and 49.8 mm, respectively which was slightly higher 

than reported in the present study. This may be due to the 

difference in the type of study sample and measurement 

techniques. The said authors used dried skulls and took the 

measurements manually [15].

The MnID in this studied Sudanese male and female  

population was 10.49 ± 2.63 mm and 9.62 ± 2.15 mm, re-

spectively. Kumar and Nagar [12] reported a higher mean 

MnID score among Indian male (17.63 mm) and female 

(17.30 mm) skulls. The lower values presented in the pres-

ent study may be due to the application of different measur-

ing and analysis methodologies.

In this study, the mean MID was 27.20 ±  2.74 mm in males 

and 25.46 ± 2.50 mm for females, which is in accordance 

with the study carried out by Singh and Talwar [9], who 

reported that the mean MID in Indian males and females 

was 26.15 ± 3.31 mm and 24.71 ± 4.57 mm, respectively. 

Significant correlations were seen between LLC/LRC, 

WRC/WLC, MID/WFM and LFM/WFM among both 

males and females in this studied Sudanese population. 

This indicates a homogenous growth of males and females 

in this studied Sudanese population sample. This was not 

the case in Poland where Burdan et al. [16] studied the 

morphology of the foramen magnum in young Eastern Eu-

ropean male (n=142) and female adults (n=171) using 3D 

computer tomography images. They found sexual dimor-

phism of the FM among their studied individuals, related 

mainly to its linear diameters and area but not to the shape. 

They also reported that female skulls had higher correla-

tion between the examined parameters of the foramen mag-

num and proper external cranial measurements, indicating 

more homogeneous growth in females than males [16].

In the present study, among the nine examined measure-

ment variables of FM, LRC, MnID and WFM emerged as 

the most significant parameters for the determination of sex 

in Sudanese population. These results are in partial agree-

ment with Macaluso [17], who analyzed a skeletal sample 

of 68 French individuals (36 males and 32 females) with 

documented sex identification and found that WFM was 

a significant variable in sex prediction among the French 

population.  

Results reported in this study also agree with Uysal 

et al. [18], who reported that both LRC and WFM were 

among the sex determining variables in the Indian popula-

Sex Prediction Using Foramen Magnum and Occipital Condyles Computed Tomography Measurements in Sudanese population
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tion. However, the authors also reported that WRC was a 

significant variable of sex determination in the Indian pop-

ulation [18]. Moreover, Singh and Talwar [9] found that 

MBD was also a reliable sex determining variable in the 

Indian population. These variations may be related to sam-

ple size, ethnicity, geographical origin and methodological 

differences.  

Classification analysis revealed that LRC, MnID and 

WFM could determine sex with an accuracy rate of 83 %, 

which is higher than Uysal et al. [18] by 2%. Macaluso [17] 

found that the LLC and MnID had a low discriminatory 

power in sexual dimorphism in the French population with 

an accuracy rate of 67.7%. Moreover, Gapert et al. [14], 

who studied the FM diameters in the European population, 

did not find any sexual dimorphism to determine unknown 

sex.

 

5. Conclusion
Results reported in this study conclude that the FM is a 

very important anatomical landmark in sex determination 

among the Sudanese population. Morphometric analysis 

using modern radiological techniques such as CT increas-

es the accuracy of sex prediction, and, moreover, decreas-

es the need for defleshing and classical autopsy. Among 

all FM variables, the LRC, MnID and WFM could deter-

mine sex using specific equation with an accuracy rate of 

83%. Further studies into different geographical regions 

and ethnic origins are recommended to have population 

specific data for estimating the sex of unknown individu-

als. Radiological support should provide the easiest mea-

surements to improve the reliability of statistical analysis.
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