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Abstract  Original Research Article 
 

Background: Almost every bone in the human skeleton exhibits sexual variation. The humerus, a large bone in the 

upper limb, is commonly used to determine sex due to its very stable condition. Aim of the study: The goal of the current 

study is to evaluate various measures of the humerus to determine sex.  Methods: This study was conducted in 

Department of Anatomy, Anwer Khan Modern Medical College, Dhanmondi, Dhaka, Bangladesh, from June 2023 to 

June 2024. This cross-sectional study examined on 200 well ossified humeri, among them 100 were male and 100 were 

female humeri. Each bone was thoroughly examined to determine any obvious abnormalities. The study looked at six 

measurements: maximum length of the humerus (MLH), maximum diameter of the humeral head (MDH), vertical 

diameter of the humeral head (VDH), transverse diameter of the humeral head (TDH), condylar breadth (CB), and 

epicondylar breadth (EB). All data was collected, documented in a Microsoft Excel work sheet, and analyzed using 

descriptive statistics in SPSS 23.0. Results: Male and female participants had MLH measurements of 305.86 ± 11.19 

mm and 282.88 ± 6.78 mm, respectively. Male and female MDH measurements were 42.75 ± 1.81 mm and 39.86 ± 1.62 

mm, respectively. The VDH measured 41.54 ± 1.63 mm in males and 38.88 ± 1.52 mm in females, respectively. Males 

had a TDH of 38.28 ± 1.82 mm, while females had 35.77 ± 1.49 mm. Males and females had EBs of 54.23 ± 4.60 mm 

and 49.64 ± 8.27 mm. The CB measured 37.17 ± 2.22 mm in males and 34.29 ± 1.08 mm in females. A value below the 

stated threshold was categorized as female, while a number over it was classified as male. For example, a maximum 

humerus length of more than 289.6 mm is classified as male, whereas a length less than 289.6 mm is classified as female. 

The threshold values for MDH, VDH, TDH, EB, and CB are 42.6 mm, 41.7 mm, 39.9 mm, 55.4 mm, and 36.5 mm, 

respectively. Conclusion: This study found that the maximum length of the humerus and vertical diameter of the 

humeral head are the most accurate parameters for establishing gender from human skeletal remains. 
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INTRODUCTION 
Almost every bone in the human skeleton 

shows anatomical variation. The humerus is a large bone 

in the upper limb that does not degrade with time, hence 

it is preferred for sex determination. The length of 

numerous bones in the human body, especially the 

humerus, is an excellent predictor of gender, but the 

vertical diameter of the head is also important in 

determining sex [1]. Several studies on upper-limb bone 

measurements, including the humerus, have been 

conducted using metric systems developed in Chile [2], 

South Africa [3], Guatemala [4], the Dart collection [5], 

the island of Crete [6, 7], Turkey [8], Greece [9], 

America [10], and the Eastern Adriatic coast [11].  

Observing morphological characteristics of the entire 

human skeleton allows for straightforward sex 

estimation [12]. Accurate sex diagnosis is easier when 

the full skeleton is accessible. However, assessment 

becomes more challenging when only a section of the 

skeleton is available [13]. Anthropologists use bone 

remains to reconstruct a person's biological profile, 

including sex, age, and height [14]. Identifying gender is 

a fundamental element of assessment, as other methods 

of assessing age and size rely heavily on sex [15]. Sex is 

determined mostly by the pelvic girdle, cranium, and 

long bones. Missing anatomical features such as the 

pelvis and skull might lead to inaccurate sex 

classifications. Parameters for long bones, which are 

commonly found in the collection, need to be created 

[16]. This study evaluated various measures of the 

humerus to determine sex. 
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METHODOLOGY 
This study was conducted in Department of 

Anatomy, Anwer Khan Modern Medical College, 

Dhanmondi, Dhaka, Bangladesh, from June 2023 to June 

2024. This cross-sectional study examined on 200 well 

ossified humeri, among them 100 were male and 100 

were female humeri. Each bone was thoroughly 

examined to determine any obvious abnormalities. The 

study focused on six measurements: maximum length of 

the humerus (MLH), maximum diameter of the humeral 

head (MDH), vertical diameter of the humeral head 

(VDH), transverse diameter of the humeral head (TDH), 

condylar breadth (CB), and epicondylar breadth (EB). 

The maximum length of the humerus was defined as the 

distance between the peak of the humeral head and the 

lowest point on the trochlea.  The vertical diameter was 

calculated as the distance between the highest and lowest 

places on the articular surface of the humeral head. The 

transverse diameter was determined by measuring the 

distance between the most anterior and posterior places 

on the articular surface of the humeral head.  Finally, 

epicondylar breadth was defined as the distance between 

the two most laterally extended spots on the humerus's 

lateral epicondyles.  The six variables maximum length 

of the humerus (MLH), maximum diameter of the 

humeral head (MDH), vertical diameter of the humeral 

head (VDH), transverse diameter of the humeral head 

(TDH), condylar breadth (CB), and epicondylar breadth 

(EB) were compared between genders using suitable 

statistical methods. All data was collected, documented 

in a Microsoft Excel work sheet, and analyzed using 

descriptive statistics in SPSS 23.0. 

 

RESULT 
Males had a maximum length of the humerus 

(MLH) of 305.86 ± 11.19 mm, while females had 282.88 

± 6.78 mm. Male and female maximum diameter of the 

humeral head (MDH) measurements were 42.75 ± 1.81 

mm and 39.86 ± 1.62 mm, respectively. The vertical 

diameter of the humeral head (VDH) measured 41.54 ± 

1.63 mm in males and 38.88 ± 1.52 mm in females, 

respectively. Males had a transverse diameter of the 

humeral head (TDH) of 38.28 ± 1.82 mm, while females 

had 34.77 ± 1.49 mm. Males and females had 

epicondylar breadth (EB) of 54.23 ± 4.60 mm and 49.64 

± 8.27 mm, respectively. The condylar breadth (CB) 

measured 37.17 ± 2.22 mm in males and 34.29 ± 1.08 

mm in females. A value below the stated threshold was 

categorized as female, while a number over it was 

classified as male.  Males have humerus lengths greater 

than 289.6 mm, whereas females have lengths less than 

289.6 mm.  The threshold values for maximum diameter 

of the humerus (MDH), vertical diameter of the humeral 

head (VDH), transverse diameter of the humeral head 

(TDH), epicondylar breadth (EB), and condylar breadth 

(CB) are: 42.6 mm, 41.7 mm, 39.9 mm, 55.4 mm, and 

36.5 mm, respectively. 

 

Table-1: Variable comparison between male and female 

Variable Male Female 

MLH (mm) 

MDH (mm) 

VDH (mm) 

TDH (mm) 

EB (mm) 

CB (mm) 

305.86 ± 11.19 

42.75 ± 1.81  

41.54 ± 1.63 

38.28 ± 1.82 

54.23 ± 4.60 

37.17 ± 2.22 

282.88 ± 6.78 

39.86 ± 1.62 

38.88 ± 1.52 

34.77 ± 1.49 

49.64 ± 8.27 

34.29 ± 1.08 

 

Table -2: Demarking point for males and females 

Variable Demarking point Wilks’ lambda 

MLH (mm) 

MDH (mm) 

VDH (mm) 

TDH (mm) 

EB (mm) 

CB (mm) 

F< 289.6 

F<42.6 

F<41.7 

F<39.9 

F<55.4 

F<36.5 

0.512 

0.531 

0.487 

0.603 

0.617 

0.744 

 

DISCUSSION 
Sex estimation is the first criterion used to 

identify human bones. Human skeletal measures can 

identify an individual's sex. Anthropometry is the study 

of measuring the human body's proportions, size, and 

weight [17]. In early investigations on sex identification, 

the pelvis and skull were shown to be the most varied 

bones between genders [18]. When the human body is 

weakened, such as during wars or calamities, the pelvic 

and skull bones may sustain damage. Several 

investigations were conducted to determine sex using 

different bones. This study evaluated various humerus 

measures for determining sex [19, 20]. Males had an 

MLH of 305.86 ± 11.19 mm while females had 282.88 ± 

6.78 mm.  Male and female MDH measurements were 

42.75 ± 1.81 mm and 39.86 ± 1.62 mm, respectively.  

The VDH measured 40.54 ± 1.63 mm in males and 37.88 

± 1.52 mm in females, respectively.  Males had a TDH 

of 38.28 ± 1.82 mm, while females had 34.77 ± 1.49 mm. 

Males and females had EBs of 54.23 ± 4.60 mm and 

49.64 ± 8.27 mm, respectively.  The CB measured 37.17 
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± 2.22 mm in males and 34.29 ± 1.08 mm in females.  

Chaudhary RS et al., (2017) [21] studied upper limb 

bone measurements to identify sexual dimorphism and 

create accurate metric criteria for sex determination. The 

study was place over two years at Teerthanker Mahaveer 

Medical College & Research Centre in Moradabad, Uttar 

Pradesh, India. The study included 91 adult human 

cadavers ranging in age from 38 to 91 years (mean +/- 

S.D. 70.8 +/- 12.2).  All measurements were taken with 

calipers or measuring tapes. The variables studied 

included the maximum length of the clavicle (distance 

between acromial end and sterna end), the circumference 

of the middle shaft of the clavicle, the maximum length 

of the humerus (distance between trochlea and the 

proximal extremity of the humeral head), the maximum 

diameter of the humeral head, the epicondylar and 

condylar breadth of the humerus, and the transverse 

diameter of the humerus. Statistical analysis was 

performed using SPSS program. Male values were 

consistently greater than female values. The maximum 

clavicle length was 149.4 +/- 7.4 mm for males and 137.2 

+/- 9.9 mm for females.  Males' maximum humerus 

length was 301.8 +/- 15.4 mm, while females' was 279.9 

+/- 16.2 mm.  The maximum ulna length was 248.4 +/- 

11.9 mm in males and 226.3 +/- 15.2 mm in females.  

Gender is defined as female if the discriminant score is 

less than the demarcation point, and male if the score 

exceeds the demarcation. If the maximum length of the 

clavicle is less than 143.2 mm, the specimen is deemed 

female; if it exceeds this amount, it is male.  The diameter 

of the humerus head was a better predictor of sex than its 

length. The circumference of the midpoint of the shaft of 

the clavicle was the worst predictor of sex (60.4% 

accuracy).  The study found that upper limb measures are 

a viable technique for estimating a specimen's sex. Khan 

MA et al. (2020) [22] examined various humerus 

measures to determine sex. This cross-sectional study 

was undertaken at Department of Anatomy, Anwer Khan 

Modern Medical College, Dhanmondi, Dhaka, 

Bangladesh, from June 2023 to June 2024. Six 

measurements were taken for 100 male and 100 female 

humeri, including MLH, MDH, VDH, TDH, epicondylar 

breadth, and CB.  The variables were compared between 

genders using the student's t-test.  Wilk's lambda test was 

used.  The demarking point for all variables was 

determined by averaging male and female 

measurements.  Correctly recognized instances were 

calculated for the male, female, and overall study groups. 

Data analysis was conducted using SPSS v.23.0 (IBM 

Corp, Armonk, NY).  P>0.05 was not statistically 

significant. There were significant differences in 

maximum length of the humerus (MLH), maximum 

diameter of the humerus (MDH), vertical diameter of the 

humeral head (VDH), transverse diameter of the humeral 

head (TDH), epicondylar breadth (EB) and condylar 

breadth (CB) between the two genders (p<0.001).  

Maximum length of the humerus (MLH) achieved an 

accuracy of 85% across the population. Maximum 

diameter of the humerus (MDH), vertical diameter of the 

humeral head (VDH) and transverse diameter of the 

humeral head (TDH) had accuracy rates of 76%, 85%, 

and 76% for the entire population, respectively.  Both 

epicondylar breadth (EB) and condylar breadth (CB) 

accurately recognized 75% and 78% of the bones, 

respectively.   

 

Limitation of the study: 

The study featured a single focus point and 

minimal sample sizes. As a result, the study's 

conclusions may not completely reflect the entire 

situation. 

 

CONCLUSION & RECOMMENDATION 
This study discovered that the maximum length 

of the humerus and the vertical diameter of the humeral 

head are the most accurate characteristics for 

determining gender in human skeletal remains. 

 

REFERENCES 
1. A geometric-morphometric study of the Cretan 

humerus for sex identification. Kranioti EF, Bastir 

M, Sánchez-Meseguer A, Rosas A. Forensic Sci Int. 

2009;111:1–8. 

2. New identification criteria for the Chilean 

population: estimation of sex and stature. Ross AH, 

Manneschi MJ. Forensic Sci Int. 2011; 204:206. 

3. Nonmetric sex determination from the distal and 

posterior humerus in black and white South 

Africans. Vance VL, Steyn M, L’Abbé EN. J 

Forensic Sci. 2011; 56:710–714. 

4. Metric determination of sex from the humerus in a 

Guatemalan forensic sample. Frutos LR. Forensic 

Sci Int. 2005; 147:153–157. 

5. Sex determination from the radius and ulna in a 

modern South African sample. Barrier IL, L’Abbé 

EN. Forensic Sci Int. 2008; 179:85. 

6. Sex estimation of the Cretan humerus: a digital 

radiometric study. Kranioti EF, Nathena D, 

Michalodimitrakis M. Int J Leg Med. 

2011;125:659–667. 

7. Sexual dimorphism of the humerus in contemporary 

Cretans—a population‐specific study and a review 

of the literature. Kranioti EF, Michalodimitrakis M. 

J Forensic Sci. 2009;54:996–1000. 

8. Forearm bones and sexual variation in Turkish 

population. Üzün I, Iscan MY, Çelbis O. Am J 

Forensic Med Pathol. 2011; 32:355–358. 

9. Sexual dimorphism of the arm bones in a modern 

Greek population. Charisi D, Eliopoulos C, Vanna 

V, Koilias CG, Manolis SK. J Forensic Sci. 

2011;56:10–18. 

10. Humeral and femoral head diameters in recent white 

American skeletons. Milner GR, Boldsen JL. J 

Forensic Sci. 2012;57:35–40. 

11. Sex determination in skeletal remains from the 

medieval Eastern Adriatic coast-discriminant 

function analysis of humeri. Bašić Ž, Anterić I, 



 

 

Afrose Ahmed et al; Sch J App Med Sci, Oct, 2025; 13(10): 1731-1734 

© 2025 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India  1734 
 

 

 

Vilović K, Petaros A, Bosnar A, Madžar T. Croatian 

Med J. 2013;54:272–278. 

12. Ogedengbe OO, Ajayi SA, Komolafe OA, Zaw AK, 

Naidu ECS, Okpara Azu O. Sex determination using 

humeral dimensions in a sample from KwaZulu-

Natal: an osteometric study. Anat Cell Biol. 

2017;50(3):180-186. 

13. Kranioti EF, Michalodimitrakis M. Sexual 

dimorphism of the humerus in contemporary 

Cretans--a population specific study and a review of 

the literature*. J Forensic Sci. 2009;54(5):996-1000. 

14. Dibennardo R, Taylor JV. Classification and 

misclassification in sexing the Black femur by 

discriminant function analysis. Am J Phys 

Anthropol. 1982;58(2):145-51. 

15. Ross AH, Manneschi MJ. New identification criteria 

for the Chilean population: Estimation of sex and 

stature. Forensic Sci Int. 2011;204(1-3): 206.e1-3. 

16. Lee UY, Kim IB, Kwak DS. Sex determination 

using discriminant analysis of upper and lower 

extremity bones: New approach using the volume 

and surface area of digital model. Forensic Sci Int. 

2015; 253:135. e1-4. 

17. Loth SR, Iscan MY. Sex determination. In: Siegal 

AJ, Saukko PJ, Knupfer GC, editors. Encyclopedia 

of forensic sciences. San Diego: Academic Press; 

2000. p. 252e60. 

18. Scheuer JL. Application of osteology to forensic 

medicine. Clin Anat 2002;15: 297e312. 

19. Srivastava R, Saini V, Rai RK, Pandey S, Tripathi 

SK. A study of sexual dimorphism in the femur 

among North Indians. J Forensic Sci 2012; 

57:19e23. 

20. Slaus M, Bedic Z, Strinovic D, Petrovecki V. Sex 

determination by discriminant function analysis of 

the tibia for contemporary Croats. Forensic Sci Int 

2013; 226(302): e1e4. 

21. Ranvir Singh Chaudhary, SS Sandhu, Pardeep 

Singh. Sex Determination Using Measurements of 

Upper Limb in Cadavers at a Tertiary Care Teaching 

Centre. Int J Med Res Prof. 2017; 3(2):353-56. 

22. Khan MA, Gul H, Mansor Nizami S. Determination 

of Gender from Various Measurements of the 

Humerus. Cureus. 2020 Jan 8;12(1): e6598. 

 


