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Abstract  
Background: The purpose of this study is to predict the sex of an individual by 

taking into account of linear horizontal length (LHL) and mid-length diameter 

(MLD) from the clavicle dimensions in the population of India. Materials and 

Methods: This cross-sectional study was initiated after receiving approval from 

the Institutional Ethics Committee at the Department of Anatomy, Index 

Medical College & Hospital, Indore. According to the data registry of the 

department, 150 dry clavicles (75 male and 75 female) were collected. Result: 

In all the parameters, the mean ± SD in males were statistically significantly 

higher than those in females on both sides: p < 0.05 for SED on the left; SED 

and AED on the right; while p= 0.010 for left AED. In SED, the mean ± SD 

were significantly higher on the left than the right side (p < 0.05). However, 

there were no significant side differences AED (p=0.792). Correlation of all the 

predictor variables were significant. Conclusion: The present study concluded 

that there is a significant and strong positive correlation between the right and 

left sternal end diameter and acromial end diameter. This correlation was found 

to be significant because it was found to be positively correlated with all of the 

variables. 

 
 

 

INTRODUCTION 
 

An accurate identification of previously unidentified 

human skeletal elements requires first establishing 

the gender of the individual whose remains are 

being studied.[1] According to findings from earlier 

studies, the pelvic bones display the greatest degree 

of sexual dimorphism among all bones, whereas the 

clavicle displays the least amount of sexual 

dimorphism.[2,3] Forensic scientists and 

anthropologists have been fascinated with the 

challenge of determining the age and gender of 

human skeletal remains for a very long time.[4] It is 

obvious that reliable methods are required in cases 

of commingled, eroded, and/or missing remains in 

order to differentiate males and females based on 

various skeletal elements.[5] This is because the 

remains may have been commingled or eroded.  

The clavicle is a long bone that can be found on the 

human body. It has two ends and a shaft.[6] At the 

lateral end of the clavicle, it will form a joint called 

the acromio-clavicular joint by articulating with the 

acromion process of the scapula.[7] The only 

connection that exists between the scapula and the 

trunk is the acromio-clavicular joint; other than that, 

only the muscles are responsible for keeping it in 

place.[8] Both the clavicle and the scapula play an 

important role in the motions of the upper extremity 

and the thoracic cage. When a person reaches the 

age of 29, the ossification of the clavicle is 

finished.[2,3] It will also provide a database of 

anthropometric clavicle dimensions to aid in the 

surgical management of patients involving the 

clavicle by orthopaedic surgeons.[9] This study will 

be relevant to Biological Anthropologist for 

population studies. The purpose of this study is to 

predict the sex of an individual by taking into 

account of linear horizontal length (LHL) and mid-

length diameter (MLD) from the clavicle 

dimensions in the population of India. 

 

MATERIALS AND METHODS  
 

After receiving approval from the Institutional 

Ethics Committee at the Department of Anatomy, 

Index Medical College & Hospital, Indore, this 

cross-sectional study was conducted. According to 

the department's data registry, 150 dry clavicles 

were collected (75 male and 75 female). The lengths 

of 150 adult human clavicles of known sex were 
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measured using a Vernier caliper. Pathologically 

affected clavicles were excluded. Using an osteo-

metric board, the maximum length will be measured 

in millimeters. Using a digital caliper, the following 

parameters were measured, Linear horizontal length 

(LHL): The horizontal distance between parallel 

lines drawn at the most medial part of the Sternal 

end and most lateral part of the acromial end of the 

clavicle. Mid-length diameter (MLD): The vertical 

distance between the highest point and the lowest 

point of the middle of the linear horizontal length of 

the clavicle. 

 

Statistical Analysis 

The raw data was analyzed with IBM SPSS. T-tests 

for independent and paired samples were used to 

examine the differences in mean differences 

between males and females, as well as between the 

right and left sides. To determine the strength of the 

relationship between the right and left sides, 

Pearson's correlation was used. It has also been 

determined how accurate each sex determination 

factor is through a discriminant function analysis. 

There was a 0.05 p-value threshold for statistical 

significance in this study. 

 

 

 

 

RESULTS 

 

Demographic data of subjects revealed 50 % (n=75) 

and 50 % (n=75) of all study subjects were males 

and females respectively.  Table 1 & 2 shows the 

comparison of clavicular parameters studied on the 

left and right side between males and females. In all 

the parameters, the mean ± SD in males were 

statistically significantly higher than those in 

females on both sides: p < 0.05 each for LHL and 

MLD on the left; LHL and MLD on the right. 

Table 3 shows paired samples t-test of the combined 

data of all parameters studied between the right and 

left sides. In MLD, the mean ± SD were 

significantly higher on the left than the right side 

(p=0.003). However, there were no significant side 

differences in LHL (p=0.674). 

Discriminant analyses showed in Table 4, was 

significant for the Linear horizontal length; Sternal 

diameter; Mid-length diameter and combined data 

(p < 0.05) on both sides, and Acromial diameter (p < 

0.05 on the right and < 0. 05 on the left). Correlation 

of all the predictor variables were significant, with 

the LHL on the right. 

Discriminant analyses for sex determination using 

clavicular dimensions is shown in Table 5. The 

overall accuracy of correct classification was higher 

in LHL on the right and combined data on both 

sides (82.1 %). 

 

Table 1: Left-side comparison of male and female study variables 

Side Parameter Sex N Range Mean ± SD t df p-value 

Left LHL (mm) F 75 88.1-166.4 139±11.46 6.223 148 <0.05 

M 75 129.1-172.7 149±12.1 

MLD mm) F 75 12.4-28.3 14.9±3.1 5.337 148 <0.05 

M 75 14.3.1-29.7 17.5±3.1 

 

LHL= Linear horizontal length; MLD= Mid-length diameter; F=female; M=male; df= degree of freedom. 

 

Table 2: Right-side comparison of male and female study variables 

Side Parameter Sex N Range Mean ± SD t df p-value 

Right LHL (mm) F 75 88.1-166.4 139±11.46 6.223 148 <0.05 

M 75 129.1-172.7 149±12.1 

MLD mm) F 75 12.4-28.3 14.9±3.1 5.337 148 <0.05 

M 75 14.3.1-29.7 17.5±3.1 

 

LHL= Linear horizontal length; MLD= Mid-length diameter; F=female; M=male; df= degree of freedom. 

 

Table 3: Paired samples t-test between right and left clavicles (n=150) 

Pair Parameter Mean ± SD t df p-value 

Pair-1 Linear horizontal length on right side -Linear 
horizontal length of left side (mm) 

0.21±7.92 0.449 149 0.674 

Pair-2 Mid-length diameter on right side – Mid-length 

diameter on the left side (mm) 

-0.88±2.01 -0.98 149 < 0.05 

 

Table 4: Coefficients of right-to-left correlations in paired samples (n=150) 

Pair Parameter r p-value 

Pair-1 Linear horizontal length on right side -Linear horizontal length of left side (mm) 0.789 <0.05 

Pair-2 Mid-length diameter on right side – Mid-length diameter on the left side (mm) 0.744 < 0.05 

 

Table 5: Discriminant analyses for sex determination using clavicular dimensions 

Side Parameter Correlation Model Accuracy 

(Males) 

Accuracy 

(Females) 

Overall 

accuracy 

Rt LHL 0.58 S = -9.213 + 0.08 (LHL) 82.5% 76% 82.1% 
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MLD 0.29 S = - 6.921 + 0.521 
(MLD) 

58.3% 72.1% 69% 

LHL+MLD 0.60 S = -11.23 + 0.048 

(LHL) + 0.21 (MLD) 

82.1% 74% 86% 

Lt LHL 0.48 S = - 4.621 + 0.564 
(LHL) 

72.1% 70.1% 76% 

MLD 0.36 S = - 5.989 + 0.434 

(MLD) 

54.5% 62.4% 64% 

LHL+MLD 0.66 S = -15.794 + 0.068 
(LHL) + 0.71 (MLD) 

88.1% 78% 84% 

 

DISCUSSION 
 

Since the length of the clavicle contributes to the 

width of the shoulder, the wider shoulder than hip in 

males after puberty, but the wider hip than shoulder 

in females, could explain the higher mean value of 

linear horizontal length in males than in females in 

the current study. This is because the shoulder is 

wider than the hip in males after puberty, but the hip 

is wider than the shoulder in females.[10] According 

to studies,[11,12,13,14,15] it takes men about four years 

longer than it does women to grow to the point 

where their clavicles are four-fifths of their total 

length. It's possible that the gender gap was so 

pronounced because males had to wait a certain 

amount of time before their clavicles could fully 

develop. Studies have shown that males have 

clavicles that are noticeably longer than those of 

females.[5,15] Even though some studies discovered 

that men's clavicles were, on average, longer than 

those of women, the researchers who conducted 

those studies did not conduct statistical tests to 

determine whether or not this was actually the 

case.[5,15] Several recent studies have found results 

that are consistent with the findings of the current 

study.[16,17,18,19,20,21] The current study found that 

men have a statistically significant higher mean 

linear horizontal length than women. As was 

mentioned earlier, the shoulder width of post-

pubertal males is greater than their hip width, and 

the development of the clavicle takes significantly 

longer in men than it does in women. 

According to previous research,[12,17,18,21] the linear 

horizontal length of the clavicle did not significantly 

differ on either side in their studies. It is not clear 

why this result was found in the study that is being 

discussed. Previous research has shown that the 

mean clavicle length measured in this study is 

longer than what was reported in those 

studies.[13,14,19,20] The observed variations might be 

explained by differences in the genetic make-up of 

the population, in addition to environmental factors 

like diet and geography. 

In this particular study, the male participants had a 

greater value for their mid-length diameter than the 

female participants did. According to the statistics, 

there was a large gap in achievement levels between 

the two groups. Since the length of the clavicle is 

less sensitive to the effect of loading than the 

breadth of the shaft, it is possible that the 

differences observed are the result of greater 

mechanical stress being placed on the male clavicle 

as a result of more strenuous work. According to 

additional research,[16,18] there is a statistically 

significant difference between males and females in 

terms of the diameter at the midpoint of the length. 

Because of the strong positive correlations that exist 

between right and left clavicles in corresponding 

samples, it is possible that the clavicles were 

influenced in the same way by a variety of factors, 

including nutrition, hormones, and others. 

Alternately, it could imply that both of them were 

subject to the same level of influence from 

anthropometric factors. 

In a related study that was conducted in 

Maharashtra, India,[18] researchers found a similarly 

high overall accuracy rate of 87.0 percent using the 

entire length of the clavicle. They also found similar 

results for males (87.0) and males (87.8) and 

females (87.0). Overall, the accuracy rate was 

similar across all three genders (85.6 percent). It 

was discovered that the mid-length had an equally 

impressive degree of accuracy. 

In North Karnataka, India, an earlier study,[10] used 

dried clavicle to determine sex more accurately 

(right: 62 percent male; 63 percent female; left: 76 

percent male; 67.5 percent female) than the values 

in the present study, which used discriminant 

analysis of clavicle length. In the present study, the 

values were as follows: right: 62 percent male; 63 

percent female; left: 76 percent male; some 

researchers looked into the possibility of 

determining sex based on the presence or absence of 

dried clavicles in South African and Turkish 

populations.[21,22,23,24] Even though they used a 

Logistic regression analysis, they reported that the 

accuracy of the sex prediction for the full length was 

89 percent. This is despite the fact that they used the 

analysis. According to the findings of this other 

piece of research, the percentage accuracy of sex 

prediction using the full length of the clavicle is 

80.7 percent on both sides, which is comparable to 

the findings of the current study. 

 

CONCLUSION 
 

In addition, it has been established that there is a 

significant and strong positive correlation between 

the right and left linear horizontal length and 

clavicle mid-length diameter. This correlation was 

found to be significant because it was found to be 

positively correlated with all of the variables. On the 

right, 82.1 percent according to LHL, 66 percent and 

69 percent according to MLD, and 88 percent 
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according to combined parameters; on the left, 76 

percent according to LHL, 72 percent and 64 

percent according to MLD, and 89 percent 

according to combined parameters (combined 

parameters). 
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