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Abstract---Background: Humerus is one of the long bones generally 
favoured in osteometric studies as it appears to yield highest level of 

classification accuracy in sex determination. Aim: To study the 

midshaft diameter of humerus and its accuracy factor in sex 

determination. Methods: A total of 100 (Male - 72, Female - 28) dry 

human humeri were collected from the Department of Anatomy as 

well as from the under graduate students of Santhiram Medical 
College, Nandyal. The maximum midshaft diameter of humerus was 

measured from absolute greatest diameter without regard to the 

vertical or transverse plane. The minimum midshaft diameter of 

humerus was measured from absolute least diameter in the middle 

without regard to any plane or maximum diameter Results: The mean 
maximum mid shaft diameter of humerus in male bones was 

1.953±0.027 and in female bones was 1.75±0.030. The mean 

minimum midshaft diameter of humerus in male was 1.657±0.0211 

and in female was 1.485±0.026 in the present study Conclusion: The 

mid shaft diameter can be considered as one of the sex determinations 

factors due to its higher accuracy in males than females with other 
predictive variables of humerus. 
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Introduction 

 

The determination of sex in the human skeleton is not a simple task. It can be 

quite problematic in the early childhood years. Percentage of accurate sex 
determination was 93% by assessing humerus bone alone, but with inclusion of 

radius and ulna the accurate sex determination was 95% when compared to other 

bones of the body [1]. Many bones have been previously used for the identification 

of sex, and such studies emphasize that sexual dimorphism starts to appear after 

puberty [2]. The humerus often remains in good condition and is especially 

favourable for metric sex determination [3]. The humerus has rarely been tapped 
as a site for sex determination, though it has often demonstrated an even greater 

accuracy than other long bones such as the femur [4,5]. The size and shape of the 

humerus may vary among human groups as well other body parts [6]. The reason 

for these differences is genetic and environmental factors such as dietary patterns 

and occupation [7,8].  
 

Materials and Methods 

 

A total of 100 (Male - 72, Female - 28) dry human humeri were utilized to 

measure the midshaft diameter and its accuracy factor in sex determination. The 

dry humerus bones were collected from the Department of anatomy as well as 
from the under graduate students of Santhiram Medical College, Nandyal. 

Maximum midshaft diameter of humerus was measured at absolute greatest 

diameter without regard to the vertical or transverse plane. The middle of the 

bone should be marked as calculated by measurement of maximum length. It lies 

usually a few millimetres above the lower margin of deltoid tuberosity. The 
minimum midshaft diameter of humerus was measured at absolute least 

diameter in the middle without regard to any plane or maximum diameter. Both 

the parameters were measured by using sliding callipers (Figure-1&2). The 

Student’s t test was used to determine the mean standard deviation (SD), 

standard error (SE) and the variance for each variable in both the sexes. The‘t’ 

and P values were estimated and the level of significance was set at 0.05. The 
data were also statistically analysed by using the SPSS 11.0 version.  

 

Results 

 

We measured the midshaft diameter of the humerus in 100 dry humeri by 
maximum midshaft diameter and minimum midshaft diameters for all the bones. 

The mean maximum mid shaft diameter of humerus in male bones was 

1.953±0.027 and in female bones was 1.75±0.030. The mean minimum midshaft 

diameter of humerus in male was 1.657±0.0211 and in female was 1.485±0.026 

[Table 1&2]. The t-test showed that the measurements were significantly higher in 

men compared to women (P<0.05) which is indicating that mid shaft diameter of 
the humerus can be considered as one of the major sex determination parameters 

in the present study [Table -3].  

 

Discussion 

 

The humerus is one of the strongest long bones of the skeleton which even in a 
fragmented state is likely to be recorded in a forensic case [9]. The mean values of 
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different humeral segments help in forensic and anthropometric practice and are 

very useful to determining the humerus segment [10]. The mean values of the 

male humeri were significantly higher than those of the female humera in the 
present study. A combination of the minimum midshaft diameter and epicondylar 

breadth gave the highest rate of accuracy (88%) and this seemed to be the most 

reliable one [11,12]. This was followed by a combination of the maximum length 

and the minimum midshaft diameter, with an accuracy rate of 88%. The two 

measurements with the greatest sex differences were the maximum humeral 

length and the maximum diameter at midshaft. The findings in our study are in 
agreement with previous literature [12,13,14]. The values for the transverse and 

antero-posterior diameter of the three sections of the shaft were found to be 

slightly greater on the right side but the difference is insignificant. The mean 

circumferences of the three sections of the shaft were found to be slightly greater 

on the right side but the difference is not significant [6,15]. The transverse 
diameter in the mid shaft of the humerus is greater in an Istanbul population as 

compared with North Indians which may probably be due to the fact that they 

measured the bones in radiographs and /or the racial difference[15].The race and 

the and genetical factors may the reasons for the difference in our findings 

compared with the previous literature[6,16].The sex discrimination rate was 

93.2% using vertical diameter of the head and other variables were like vertical 
diameter of the head and maximum humerus length[17]. Third most successful 

variable for sex allocation was right-left diameter at midshaft with 73.2% correct 

discrimination. In the present study, we observed significant mean diameters at 

mid shaft level and these findings are in supportive of the previous literature in 

determination of accuracy of sex [11,13,16,17].  
 

Conclusion 

 

The mid shaft diameter can be considered as one of the sex determinations 

factors due to its higher accuracy in males than females along with other 

predictive variables of humerus. 
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Table-1: Mid shaft diameters of the male humeri 
 

Bone 

No 

Maximum 

midshaft 

diameter 

Minimum 

midshaft 

diameter 

Bone 

No 

Maximum 

midshaft 

diameter 

Minimum 

midshaft 

diameter 

1 2 1.8 38 1.9 1.6 

2 1.5 1.4 39 2.1 1.9 

3 2 1.8 40 2 1.7 

https://doi.org/10.31295/ijhms.v4n1.775
https://doi.org/10.53730/ijhs.v6n1.5949
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4 2 1.8 41 1.5 1.2 

5 2.2 1.9 42 2.1 1.8 

6 1.8 1.6 43 1.6 1.4 

7 1.8 1.6 44 2 1.6 

8 2.1 1.8 47 1.6 1.4 

9 1.9 1.6 46 2 1.8 

10 1.9 1.6 47 1.7 1.6 

11 1.8 1.5 48 2.9 2.1 

12 1.9 1.7 49 2.3 1.9 

13 2.3 1.8 50 1.6 1.5 

14 2 1.6 51 1.8 1.6 

15 2 1.6 52 1.8 1.6 

16 2.3 1.8 53 1.6 1.4 

17 2.1 1.7 54 1.7 1.6 

18 2.1 1.7 55 2.1 1.8 

19 1.9 1.4 56 1.8 1.6 

20 2.2 1.9 57 2.2 2.1 

21 1.7 1.5 58 2.1 1.9 

22 2.1 1.9 59 2.1 1.7 

23 1.8 1.6 60 2.1 1.8 

24 2 1.6 61 1.8 1.3 

25 1.8 1.5 62 2.1 1.8 

26 2.2 1.8 63 2.2 1.9 

27 2 1.8 64 2.2 1.7 

28 1.9 1.6 65 2.2 1.5 

29 1.9 1.6 66 1.6 1.5 

30 1.9 1.7 67 1.9 1.3 

31 2 1.7 68 1.8 1.5 

32 2.2 1.8 69 1.9 1.5 

33 1.8 1.6 70 1.8 1.6 

34 1.9 1.7 71 1.7 1.6 

35 2.1 1.8 72 2 1.6 

36 1.7 1.4 Mean 1.9535 1.6577 

37 1.8 1.6 Sd 0.2286 0.1786 

 

Table-2: length and mid shaft diameters of the female humeri 

 

Bone 

No 

Maximum 

midshaft 

diameter 

Minimum 

 midshaft 

diameter 

1 2.1 1.6 

2 1.9 1.7 

3 1.8 1.6 

4 1.6 1.4 

5 1.8 1.6 

6 1.6 1.4 
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7 1.7 1.6 

8 1.7 1.5 

9 1.5 1.3 

10 1.9 1.5 

11 1.8 1.3 

12 1.9 1.5 

13 1.8 1.4 

14 1.5 1.3 

15 1.6 1.4 

16 1.6 1.4 

17 1.7 1.4 

18 1.9 1.7 

19 1.7 1.4 

20 1.9 1.7 

21 1.9 1.5 

22 1.7 1.6 

23 2 1.7 

24 2 1.7 

25 1.5 1.3 

26 1.6 1.3 

27 1.6 1.4 

28 1.7 1.4 

Mean 1.7500 1.4857 

Sd 0.1644 0.1407 

 

Table -3: Statistical Analysis 

 

Parameter 
Mean ± SEM  
(Males =72 ) 

Mean ± SEM 
(Females =28 ) t value P value 

Maximum midshaft 

diameter of 

Humerus 1.953±0.027 1.75±0.030 4.362 <0.0001* 

Minimum midshaft 

diameter of humerus 1.657±0.0211 1.485±0.026 4.640 <0.0001* 

P*<0.01 (Significant 
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Legends  

 

Figure-1: Measuring Midshaft diameter of Humerus by using sliding callipers 
 

 
 

Figure-2 : Measuring shaft length of humerus by osteometric board 

 

  
 

 

 


