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ABSTRACT
Introduction: the sternum bone is useful in morphological sex discrimination, especially when other bones with greater 
discrimination capacity are not available, such as the pelvis and some long bones. Results found in different population 
investigations, as well as the need to have reference values for the sternal index, have led to a significant increase in studies 
and publications in this regard. 
Objective: in the present study, we analyzed the usefulness of the sternal index in human fetuses as an indicator of sexual 
dimorphism in a sample of 30 sternums, 15 males and 15 females. 
Methods and Methods: all metric variables (lengths of the manubrium of the sternum and body of the sternum) were performed 
using a 0.01mm precision digital caliper and the mean differences were statistically evaluated using the T Test and the Mann-
Whitney Test. 
Results: in general, the mean age of fetuses was 27.64 weeks. The length of the manubrium of the sternum bone was slightly 
greater in males, while the length of the body was similar in both genders. The sternal index was higher in males. According to 
the statistical analysis none of the three variables proved to be a good parameter as indicators of sexual dimorphism (p>0.05). 
Conclusion: we conclude that the sternal index in human fetuses, despite being higher in males, was not effective as an 
indicator of sexual dimorphism. Finally, given the relatively small size of the study sample, it is recommended that further 
investigations be conducted in other samples of the Brazilian population to confirm the results of the present research.
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Introduction
Forensic medicine is a science of great importance 

and which, currently, is gaining even more relevance 
with the increase in the number of accidents, tragedies 
and various crimes. Within its performance, it has 
contributed to the knowledge of the correlation of 
bodily structures with height, age, sex and ethnicity, 
for human identification, especially in cases of mass 
disasters, armed conflicts, terrorist massacres, 
car or air accidents.1 The bone skeleton is the only 
structure that resists the effects of putrefaction and 
decomposition for a long time.2 Alongside the pelvis, 
the human skull is considered the most accurate bone 
indicator in sexual dimorphism.3 However, when these 
bones are not present, forensic anthropologists and 
bioarcheologists become dependent on other human 
elements with less sexual dimorphism, such as the 
sternum.1 Thus, the sternum has become an important 
bone structure of study for forensic anthropology in 
determining age, sex and other characteristics.

Morphometric variations specifically studied in the 
sternum have been observed, with emphasis on the 

conclusion that in males the bone has greater length 
when compared to females.4-6

Studies of linear measurements of the sternum, 
such as lengths of the manubrium, body and xiphoid 
process, showed a correlation between these 
measurements and gender.3,7,8 Gautam et al.9 reported 
an average length of the manubrium of 53 mm for 
males and 48 mm for females, while the average length 
of the combination of the manubrium and the body of 
the sternum was 149 mm and 124 mm for males and 
females, respectively. Changani et al.10 concluded that 
the combination of sternum and manubrium lengths is 
the most accurate criterion for sex determination. 

Although morphometric measurements of the 
sternum are accurate for sex determination when 
analyzed alone or in combination, the sternal 
index has not been as effective and accurate in sex 
differentiation.1,10 Changani et al.10 analyzed the 
population of Gujarat, India and found higher sternal 
indices in females, however they did not report 
statistical significance between the sexes.  Singh et 
al.1 in a similar study, found sternal width index values 
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highly deviated from the mean values and concluded 
that this criterion had a low degree of reliability in 
determining sex in their study. 

Hunnargi et al.11 reported that in different regions and 
populations, however small, variations in bone indexes 
and morphometry occur. In Brazil, there is a need for 
studies on aspects of sex determination through the 
sternum. Thus, it is of great importance that studies 
targeting the Brazilian region and population on the 
subject are carried out. The present study aims to 
determine the sternal index as an indicator of sexual 
differentiation in human fetuses.

Materials and Methods
Thirty sternums from human fetuses were used, 

being 15 male and 15 female. The fetuses belong to the 
Anatomy Laboratory of the Morphology Department of 
the Federal University of Sergipe and were obtained in 
accordance with Law 8501 of November 30, 1992, which 
provides for the use of unclaimed cadavers for the 
purposes of studies or scientific research. All fetuses 
of both sexes, in good general condition, available in 
the laboratory were included, and fetuses with spinal 
abnormalities such as kyphosis, lordosis, scoliosis, 
as well as those with any macroscopic malformation 
abnormality in the anterior region of the chest were 
excluded. This study was approved by the Ethics and 
Research Committee of the Federal University of 
Sergipe, protocol number: CAAE: 53613116.1.0000.5546. 
After individualization of the sternum, the following 
measurements were taken: lengths of the sternum 
manubrium (from the jugular or suprasternal notch 
to the sternal manubrium junction) and the sternum 
body (from the sternal manubrium junction to the 
xiphosternal junction) (Figure 1). Measurements were 

performed using a 0.01mm precision digital caliper. The 
sternal index was calculated by dividing the length of 
the manubrium by the body of the sternum, multiplied 
by 100. Data were described using mean, standard 
deviation, minimum and maximum. Mean differences 
were evaluated using T-Test and Mann-Whitney Test. 
The software used was the R Core Team 2018 and the 
significance level adopted was 5%. 

Results
The average age among the 30 fetuses was 27.64 

weeks. In male fetuses, this variation was from 20.9 
to 36.8 weeks, with an average of 28.12 weeks. For 
females, the variation was from 21.2 to 34.4 weeks and 
an average of 27.15 weeks. The analysis of the values 
of the measures of the lengths of the manubrium of 
the sternum and of the body of the sternum, as well 
as the sternal index (with mean, standard deviation, 
minimum and maximum values), showed that these 
measures were slightly higher in males than in females. 
According to the statistical analysis none of the three 
variables proved to be a good parameter as indicators 
of sexual dimorphism (p>0,05) (Table 1). 

Female
(n=15)

Male
(n=15)

Mean 
(SD)

Min 
Max

Mean 
(SD)

Min 
Max T (p-value) p-value

Length 
of the 
manubrium

12,4 
(2,84)

8,98-
17,41

13,33 
(3,06)

8,83-
18,54

0,86 
(0,396) 0,419

Sternum 
body 
length

27,7 
(4,32)

18,58-
33,82

27,27 
(5,63)

19,09-
36,51

0,23 
(0,818) 0,820

Sternal
 index

45,51 
(10,61)

27,58-
64,4

49,03 
(6,22)

39,16-
61,24

1,11 
(0,277) 0,419

Table 1. Sternal morphometric values and their statistical analysis.

T Test; Mann-Whitney Test; SD – Standard deviation.

Figure 1. Morphometric measurements on the sternum.
LM - Length of the manubrium: distance between the jugular notch in the 
manubrium of the sternum to the manubrium sternal junction;
EBL - Sternum body length: distance between the sternal manubrium junction to 
the xiphosternal junction.

Discussion
The sexual dimorphism of the human sternum 

with respect to its morphology and morphometry 
remains an important issue of discussion among 
forensic anthropologists. In the present study, the 
mean fetal sternal index found in males (49.03 mm) 
and females (45.51 mm) were lower when compared to 
other studies4,11-16 (Table 2). Perhaps these sternal index 
differences are related to population differences, age 
and race, in addition, all comparisons of values were 
performed based on adult sternums, while our work 
was performed on Brazilian human fetuses.

There is great disagreement in the literature about 
the effectiveness of the sternal index in determining 
sex. Singh et al.1 studied the sternum of the population 
of northeastern India, but although measurements of 
sternum body length and sternum manubrium were 



Journal of Morphological Sciences Vol. 38/2021323

Aragão JA et al. Sternal Index in Human Fetuses as an Indicator of Sexual Dimorphism

accepted as good indicators of dimorphism, they 
concluded that the sternal index did not prove to be 
a good indicator of sex, which is in accordance with 
our study. Changani et al.10 analyzing the population of 
Gujarat, India, found higher sternal indices in females 
and concluded that this index is also not accurate in 
sexual differentiation, corroborating our findings. 
Hunnargi et al.11 studied 115 sternums from West Indian 
and, unlike our study, found statistically significant 
values, and admitted that the sternal index is an 
excellent criterion to determine sex. 

Conclusion
The morphometric measurements of body 

length, sternum manubrium and sternal index were 
not effective for the study of sexual dimorphism. 
Statistical analysis showed that the sternal index is 
not an indicator of sexual dimorphism (p>0.05). We 
propose that further studies with larger samples of 
human fetuses can be carried out, so that the sternal 
index can be used to determine the race and age of 
different populations. 

Study Sex Bones (n) Variation Mean Standard deviation

Narayan & Varm,12 Male 
Female

126 
27

31.72 – 85.33 
44.33 – 80.00

54.76 
58.98

±9.94 
±9.61

Jit et al.4 Male 
Female

312 
88

35.00 – 94.00 
32.00 – 88.00

55.53 
61.80

±9.57 
±10.62

Dahiphale et al.13 Male 
Female

96 
47

36.00 – 77.00 
51.00 – 91.00

51.99 
63.01

±8.34 
±8.50

Atal at el.14 Male 
Female

56
44

38.00 – 58.00
45.00 – 62.00

46.08
56.70

3.75
3.98

Hunnargi et al.11 Male 
Female

75
40

36.10 – 93.10
36.30 – 88.10

59.21
63.31

9.85
9.41

Toneva & Nikolova,15 Male 
Female

47
29

34.50 – 68.50
44.00 – 67.10

50.40
54.00

6.80
5.30

Dorado-Fernández et al.16 Male 
Female

90
64

34.07 - 78.57
38.88 - 78.12

50.15
54.91

7.46
8.12

Present Study Male 
Female

15 
15

39.16 – 61.24 
27.58 – 64.4

49.03 
45.51

±6.22 
±10.61

Table 2. Comparison of the sternal index with other studies.
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