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Background: Identifying identity in the absence of large bones becomes more difficult and 
complicated; accordingly, it is highly beneficial to use the features of the sternum. The present 
study aimed to evaluate the dimensions of the sternum and its relation with gender in the 
Iranian population.

Methods: This cross-sectional study was conducted on 200 cadavers (100 men and 100 
women). By performing an autopsy, the sternum bone was first cut in the midline using a 
vibrating saw, and the different dimensions were measured using a caliper.

Results: Among different dimensions related to the sternum, the mean length of manubrium, 
mesosternum, the largest width of manubrium, and the shortest width of manubrium were 
significantly higher in men compared to women. Regarding the value of each sternal diameter 
in discriminating male and female gender, the highest discriminative value was specified to the 
shortest width of manubrium (cutoff: 26.75, sensitivity: 100%, specificity: 84.0%), followed 
by the length of sternebrae 1 (cutoff: 8.45, sensitivity: 76.0%, specificity: 21.0%).

Conclusion: Measuring various indices of sternum bone, particularly the shortest width of the 
manubrium and the length of sternebrae 1, leads to gender identity accurately. 
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1. Introduction

nthropometry defines the size, weight, and 
characteristics of the human body and its 
skeleton [1, 2]. It is considered as a multi-
purpose technique for determining gender 
and is more accurately quoted by specific 

analysis. In addition, it can provide the standards of gen-
der determination in different populations [3]. A favorite 
subject of legal anthropologists and archaeologists is de-

termining the gender of bodies by their skeletal compo-
nents [4]. Identifying the gender of unknown cadavers 
from the skeletal structure is much more complicated 
than studying a cadaver. In some situations, the remains 
of a deceased person have been found after death; these 
skeletal remains are often incomplete to help provide in-
formation on gender, age, race, stature, and death cause 
[5-7]. Gender determination is among the critical issues 
in forensic medicine [8]. Given the differences between 
the nations and their physical characteristics, it is nec-
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essary to perform specific examinations in each region. 
Gender determination using bone measurements is an ef-
fective method, i.e., less costly than other techniques, 
including Deoxyribonucleic Acid (DNA) and chromo-
some analysis.

Furthermore, it requires less time and implementation 
for personnel who do not have skeletal analyzes. In gen-
eral, there are two methods for detecting gender from 
skeletal remains, including morphological and metric 
methods. The morphological approach is experimental 
and faster; however, it requires a skilled person to de-
termine gender. Besides, the metric method is based 
on measurements and statistical techniques [11], which 
involves repetition for authentication [12]. Different 
parts of the human skeleton have been used to recog-
nize gender by metric and nonmetric methods, including 
the shape and size of the legs, head, soles, long bones of 
the arm, and teeth [13]. When the skeleton of the body, 
especially the skull and the pelvis, is available, gender 
determination could be more reliable [14]. Identifying 
skeletal remains is among the forensic medicine prob-
lems [15]; it means finding a set of symptoms that leads 
to identifying one person from others [16]. One of the 
main issues in this respect is that in examining the iden-
tity of the skeletal remains, in cases where there are no 
significant bones, such as pelvic bones and skulls, the 
problem of identification becomes more complicated. In 
this case, using the characteristics of sternum bone will 
be very efficient. The present study aimed to evaluate the 
dimensions of the sternum and its relation to gender in 
the Iranian population.

2. Materials and Methods

This cross-sectional study was conducted on 200 ca-
davers (100 men and 100 women) referred to the Kah-
rizak Dissection hall from 2017 to 2018. Any evidence 
of pathological sternum, such as traumatic changes, 
degenerative, articular, or bone changes, or death of 
>24 hours was considered as the exclusion criteria. By 
performing an autopsy, the sternum bone was first cut 
in the midline using a vibrating saw. The surface of the 
bone was washed with water to sharpen the bone’s cir-
cumference, the thickness of the bone, as well as the dis-
crimination of manubrium, body, and xiphoid process. 
After determining the limits of different parts of the 
bone, various sternum landmarks, including the length 
of manubrium, width of manubrium, length and width 
of mesosternum, length of sternebrae 1 and sternbera 3, 
the largest and shortest width of manubrium, the ratio 
of the width of the sternebrae 1 to sternebrae 3, and the 
ratio of the length of manubrium to mesosternum were 

determined using a caliper. These data were then com-
pared between men and women. In this study, the ster-
num area was also calculated by the following formula: 
SA=[(ML+SL)] × (MW+Sw1+SW3)/3, where MW was 
the width of manubrium, SL was the length of mesoster-
num, and ML was the length of the manubrium. Further-
more, the width of the manubrium was considered as the 
distance between the central zone of the articular surface 
at the first cartilage of the rib on both sides.

The obtained results were presented as Mean±SD for 
quantitative variables. Next, they were summarized by 
absolute frequencies and percentages for categorical 
variables. The normality of data was analyzed using the 
Kolmogorov-Smirnoff test. The quantitative variables 
were also compared with t-test or Mann-Whitney U test. 
The association between quantitative variables was as-
sessed using Pearson’s or Spearman’s correlation tests. 
The collected data were analyzed in SPSS at the signifi-
cance level of P<0.05.

3. Results

Among different dimensions related to sternum, the 
mean length of manubrium, mesosternum, the largest 
width of manubrium, and the shortest width of manubri-
um were significantly higher in men, compared to wom-
en; however, no difference was revealed in other diam-
eters, including the length of sternebrae 1 and sternbera 
3, the ratio of the length of sternebrae 1 to sternbera 3, 
the sum of the length of manubrium and mesosternum, 
and the ratio of the length of manubrium to mesosternum 
(Table 1). The length and width of the manubrium were 
significantly associated with the length of mesosternum, 
the total length of sternum, the width of manubrium, as 
well as body weight and height. Moreover, the length of 
the mesosternum was directly associated with the length 
and width of manubrium, the total length of sternum, 
the largest and shortest width of manubrium, and body 
weight and height. 

Regarding the value of each sternal diameter in gen-
der determination (Table 2), the highest discriminative 
value belomged to the shortest width of manubrium 
(AUC=0.94, cutoff: 26.75, sensitivity: 100%, speci-
ficity: 84.0%), followed by the length of sternebrae 1 
(AUC=0.42, cutoff: 8.45, sensitivity: 76.0%, specific-
ity: 21.0%).

4. Discussion

Identifying identity in the absence of large bones be-
comes more difficult and complicated; accordingly, it 
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is highly beneficial to use the features of the sternum. 
Thus, we aimed to determine the dimensions of the ster-
num and their relationship with gender in the Iranian 
population. We found a significantly higher mean length 
of manubrium, mesosternum, the largest width of ma-
nubrium, and the shortest width of manubrium in men, 
compared to women. To assess the value of each param-
eter for gender differentiation, the ROC curve was used, 
providing high sensitivity and specificity of the shortest 
width of the manubrium and the length of sternebrae 1. 
There were the most useful dimensions of the sternum 
to discriminate genders. In other words, due to the sig-

nificant differences in the dimensions of the sternum in 
various ethnicities, gender differentiation is impossible 
by examining all the parameters; therefore, there is no 
significant correlation between all of the parameters.

Additionally, the values of sternum-related dimensions 
are very different and heterogeneous in various popula-
tions. Torimitsu et al. in Japan indicated a diagnostic ac-
curacy varying between 62.5% and 84% in identifying 
gender. The researchers reported that measuring sternal 
indices could be an effective method of gender identifi-
cation among Japanese bodies; in many cases, it is bet-

Table 1. The sternum-related dimensions in men and women

Dimension 
Mean±SD

P 
Men Women 

The length of manubrium 56.94±2.55 52.81±1.12 <0.001

The width of manubrium 34.87±1.64 32.74±2.14 <0.001

The length of mesosternum 141.74±0.79 130.41±1.26 <0.001

The length of sternebrae 1 29.75±1.07 29.96±0.68 0.098

The length of sternebrae 3 42.71±1.21 41.85±5.18 0.123

The largest width of the manubrium 44.49±1.94 44.84±1.79 <0.001

The shortest width of the manubrium 29.78±1.13 24.44±2.28 <0.001

The length of sternebrae 1 to sternebrae 3 0.69±0.03 0.79±0.68 0.170

The total length of the manubrium and mesosternum 269.16±26.92 217.52±14.06 0.050

The length of the manubrium to the mesosternum ratio 0.40±0.02 0.41±0.007 0.060

Table 2. The results of ROC curve analysis for discriminating genders

Dimension Cutoff Sensitivity Specificity AUC

The length of manubrium 54.4 0.76 0.95 0.93

The width of manubrium 34.15 72.73 0.73 0.78

The largest width of manubrium 43.65 0.68 0.72 0.77

The shortest width of manubrium 26.75 100 0.84 0.94

The length of sternebrae 1 8.45 0.76 0.21 0.42

The length of sternebrae 2 23.75 0.74 0.67 0.88

The length of sternebrae 3 41.15 0.95 0.11 0.52

The total length of sternum 230.15 0.88 0.82 0.89
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ter than other predictive factors, like the pelvis bone and 
skull [17]. Ekizoglu et al. conducted a study in Turkey 
[18]. They concluded that all sternal indices were higher 
men than women, and the sternal index was lower in 
men. In general, sensitivity, specificity, and the precision 
of gender differentiation by sternal indices were 75.9%, 
87.6%, and 80%, respectively [18]. Another study by 
Franklin et al. in the United States, in 2012, indicated 
that the variance of the measurements between the gen-
ders was between 9.8% and 47.4% [19]. In general, the 
diagnostic accuracy of sternal landmarks for gender dif-
ferentiation was between 72.2% and 84.5%, all of which 
had an error of <5%. In their study, the mesosternum 
length had the highest accuracy in gender estimation 
[19]. Chandrakanth et al. argued that all three parameters 
of manubrium length, mesosternum length, and total 
manubrium and mesosternum length were significantly 
higher in men than women [20]. In the defemination of 
gender using sternal parameters in predicting modeling, 
the predictive power ranged between 67.5% for sterne-
brae 3 and 74.4% for the total length of manubrium and 
mesosternum [20]. Macaluso et al. also found that the 
highest value for discriminating genders was related to 
the sternebrae 3 parameters in the Spanish population 
[21]. Although all the studies referred to the indicators of 
the sternum for the precise determination of gender, the 
diagnostic accuracy of these markers was quite different 
in various societies.

In our study, the length of manubrium had a high value 
for discriminating genders; thus, the sternal lengths of 
males were also longer than those of females. According 
to Yonguc et al. [22], all measured sternal lengths were 
greater in males compared to females. In this regard, 
the length of the manubrium had the highest correlation 
coefficient in both genders. The literature suggests that 
sternal lengths are longer in males than females [23-26]. 
In our study, the body of manubrium (mesosternum) 
could also be predictive for the male gender. According 
to a defined index named the Hyrtl’s law, the ratio of 
Manubrium to Body (M/B) index exceeds 50 in females 
and is <50 in males [27]; therefore, the body of sternum 
plays a critical role in discriminating genders. However, 
in some societies, Hyrtl’s law could not be discrimina-
tive for gender identity. As per Ramadan’s study on the 
Turkish population [25], Hyrtl’s law was inapplicable to 
Turkish males; therefore, the body or manubrium might 
not predict gender in that population.

Similarly, in our study on Iranians, the ratio of the length 
of manubrium to mesosternum could not discriminate 
males from females. In addition, in our study, the length 
of sternebrae 1 and sternbera 3 were not predicting pa-

rameters for gender identification. As contrarily indicat-
ed by Atal et al., the width of the first sternebrae and third 
sternebrae were significantly higher in males compared 
to females. According to Jit et al. [27], the mean width 
of the first sternebrae was 27.4 mm for males and 24.3 
mm for females. Dahiphale et al. [28] found that the av-
erage widths of first sternebrae were 27.1 mm for males 
and 24.4 mm for a female with a significant difference. 
The length of sternbera 3 was also predictive for gender 
identification in both Jit and Dahiphale studies [27, 28]. 
Thus, the parameters of the length of sternebrae 1 and 
sternbera 3 or their ratio cannot apply for discriminating 
genders in the Iranian population. 

5. Conclusion

In conclusion, a collection of sternum-related param-
eters, including the mean length of manubrium, meso-
sternum, the largest width of manubrium, and the short-
est width of manubrium, were significantly higher in 
men than women; thus, they play a crucial role in gender 
identity among Iranian population. 

The present study findings indicated that measuring 
various indices of sternum bone in the studied samples 
could accurately estimate the gender of cadavers. As-
sessing the dimensions of sternum could replace the in-
dices related to long bones for gender identity. 
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