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ABSTRACT      

Introduction: The comprehensive goal in forensic anthropology is the identification of skeletal remains for which 
researchers are constantly working to produce methods that are as accurate as possible. Because of distinct sexual 
dimorphism, bones of the pelvis and skull are preferred; however, when these bones are unavailable other bones like 
sternum have to be used as it holds a great deal of sexual dimorphism. Objective: To evaluate sexual dimorphism in 
the metric parameters of the sternum through MDCT images amongst Nepalese adults. Materials and Methods: Ster-
nal dimensions of 105 study participants (62 male and 43 female) were measured using Computed Tomography (CT) 
images from Radiology Department of Dhulikhel Hospital. An independent t test was performed to assess the strength 
of association between different variables and genders. Differences were considered significant at P < 0.05. ROC curve 
analysis was done to determine the discriminating power of variables for sex determination. Result: The different 
measurements of sternal lengths were significantly greater in male than females(p<0.001) except Sternal Index which 
was found to be higher in female (p<0.001). Despite this difference in mean, most of the sterna were in overlapping 
zone. The limiting point of 126 was determined for total sternum which could correctly classify majority of sternum. 
Using ROC curve the mesosternum and total sternum were found to be most accurate (>95%) in sex determination. 
Hyrtl’s law could classify 91.9% of the male and Ashley’s rule of 136 could 97.67% of the female. Conclusion: Hence 
this study made an effort in sexing the sternum in Nepalese population amongst which mesosternal length and total 
sterna length were found to be best estimators of sex whereas manubrium length and sternal index were not found to 
be satisfactory.
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INTRODUCTION

Identity of a person is important, both in living and dead.1 
It means finding a set of symptoms that leads to identifying 
one person from another.2 Sometimes experts face a problem 
even in identifying whether the skeletal remains are of human 
or not.3,4 Identification can become more difficult during 
mutilation of body parts and decomposition.1,5,6 In these cases 
of dubious identity, fine differences also assume importance 
and identification has to be done from remnants.5,7 Since the 
bones resist putrefaction and destruction by animals, they are 
cardinal clue for identification.8-10 After ancestry, determination 
of sex can be undertaken as a prime gravity in identification.1,11-13 
Unlike stature, sex follows only one direction1 and straight away 
excludes half of the population.8,11Osteometry is an effective 
method, preferred with respect to its simple and repeatable 
processing, low cost, and high accuracy rates.7,13,14 Nonetheless, 
morphometric standards cannot be universally applied and 
standard rules must be implemented for every population and 
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region.1,2,4,13,15-19 Human biology is simply not amenable 
to the precision of pure or exact science.1 Variability are 
orchestrated by a complicated interplay of nutritional, 
environmental and climatic changes.1,7,19

Though, a number of bones such as pelvis, skull, femur 
etc., have contributed significantly in estimating sex,2,7,10,20 

in situations when these bones are missing, less sexually 
dimorphic bones as sternum should be taken.2,7,9,14,15,21-24 The 
sternum having a robust structure can survive a great degree 
of compression and can be procured from cadavers without 
damage.1,2,5,10,13,18 Many researchers have studied sternum in 
order to prove its usage as an indicator of sex in different 
populations.1,5,23-26 Wenzel(1788)brought some information 
about sexual dimorphism in the sternum. His work led to 
Hyrtl’s law (1878) which stated if Sternal Index is less than 
50% in males and more than 50% in females.4,7,25,29 Although 
this law is considered as a rule, there are many studies 
conducted in different populations, which have proved its 
unreliability.17,18,26,29 Ashley, formulated “The 149 rule” and 
“The 136 rule” in European and East African population from 
total sterna length.25 Computed virtual models by computed 
tomography of anatomical structures are proving to be in 
surge in Medical image data. They can be used to create 
high-resolution, anatomically accurate 3D models which 
are close to original bone shape and hence enable rapid 
measurement.5,7,14,15This is especially important in larger 
samples, where observer’s efficiency and precision decrease 
while software efficiency increases.10,13

Thus, with this study we aim to determine the dimensions 
and index of the sternum to find out their reliability in sexual 
dimorphism in the Nepalese population by 3D Computed 
Tomography and apply Hyrtl’s law. To the best of our 
knowledge, no study so far has assessed sexual dimorphism 
of the sternum Nepalese populations. This is important since 
results from other populations cannot be applied to the 
Nepalese population because of population specificity.

MATERIALS AND METHODS

All patients who presented to radiology department for 
thorax CT above 25 years of age according to their physician 
advice were included in the study for the period of six months. 
The study was conducted at Department of Radiology, 
Dhulikhel Hospital after getting approval from Institutional 
Review Committee, KUSMS with IRC-KUSMS number 75/20. 
Since we had limited number of bones, virtual models were 
collected. After excluding patients with sternal deformity, 
a history of thoracic trauma or surgery, sternal mass, or 
infiltration, morphometric measurements of the sternum 
from randomly selected 105 (62 males and 43 females) 

patients were carried out on MDCT images. No participant 
was made to undergo a CT scan for the sole purpose of 
this study. After identification of landmarks, following 
measurements were done using the inbuilt measurement 
tool in the software (fig 1).

•	 Length of manubrium (LM): distance between the 
midpoint of incisurajugularis and midpoint of the 
manubriosternal joint

•	 Length of corpus sterni/mesosternum (LB): 
distance between the midpoint of manubriosternal 
joint and xiphisternal joint

•	 Length of totality sternum (LMB): sum of LM and 
LB(LM + LB)

•	 Manubrio corpus index/Sternal index (SI): it is the 
division of LM by LB, then multiplied by 100 [(LM/LB) 
× 100]

Rule of 136, given by Ashley (1956)25was applied, which 
states that if the combined length is more than 136 mm 
then it was male and if the value is less than 136 ,it was 
female sternum. Hyrtl’s rule23,25 was applied which states 
that SI >50 in female and <50 in male. The identification 
point (IP)20,21,23,26,29 was determined by the lowest value of a 
variable in males and highest value for the same in females. 
All the values less than the minimum value for the males was 
treated as female bone and the bones having values more 
than maximum value of females was  treated as male bones. 
The range between these two values is known as overlapping 
zone. Variable having a broader overlapping zone is thought 
to be a bad estimator. The demarking point(DP) 20,21,26 was 
calculated by using ±3SD in mean. Mean±3SD ensured 
that 99% of the value fall within the range calculated. The 
minimum value in males will be taken as demarking point 
for female i.e. the value less than this point falls in female 
category. The Limiting Point (LP)21,26was calculated by 
dividing the sum of male and female identification points by 
two.

A receiver-operator characteristic (ROC) curve analysis was 
performed to identify the optimal cut-off points for sternal 
lengths and sternal index separately at which the sensitivity 
and specificity are maximum. The area under the curve was 
also determined for finding the overall accuracy of a variable 
and its sex discriminating performance.

The data obtained from the study will be analyzed by using 
Statistical Package for Social Sciences (SPSS/version 25.0). 
Descriptive analysis was summarized as Mean ± SD (standard 
deviation), range (min to max). Variables were compared 
by independent Student’s t test. The value of p<0.05 was 
considered statistically significant.  Data was analyzed for the 
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overlapping zone for all the three parameters to determine 
their reliability in determination of sex.

Fig 1: Image (128 slice MD CT Scan) of Chest showing 
measurements of sternum

RESULT

Table1: Statistical descriptive of various Sternal 
Measurements and Index

  Age LM (mm) LB (mm) LMB 
(mm) SI

Male
N=62

Mean 44.95 42.73 97.34 140.07 44.18

Std. Deviation 9.04 6.29 9.18 12.09 6.98

Minimum 25 32 77.8 114.8 31.07

Maximum 59 57.2 115.19 172.13 65.90

Std. Error of 
Mean 1.1482 0.7983 1.1666 1.5353 0.8864

Female
N=43

Mean 45.00 38.86 77.38 116.24 50.58

Std. Deviation 8.93 5.09 6.27 7.83 8.01

Minimum 27 23.79 66.6 92.12 33.41

Maximum 59 47.7 92.41 138.02 68.34

Std. Error of 
Mean 1.3619 0.7774 0.9565 1.1941 1.2220

Mean difference 3.87 19.96 23.83 -6.4

t-value 3.344 12.381 11.371 -4.3347

p-value
  0.001 0.001 <0.001 <0.001

A total of 105 participants above the age of 25 were included 
in the study. Amongst which 62(59.05%) were male and 

43(40.95%) were female. The age of the participants 
ranged from 25 to 59 years. Mean age of male and female 
participants are shown in Table 1. The descriptive statistics 
of sternal measurements so that length of the manubrium 
(LM), length of mesosternum (LB), total length of manubrium 
and mesosternum (LMB), and calculated sternal index (SI) 
of both male and female are presented  in Table 1. Men had 
significantly greater lengths of all sternal parameters except 
sternal index which was greater in females.  Difference in the 
mean of LM,LB, LMB and SI between male and female are 
3.87mm,19.96mm,23.83mm and -6.4, all of which are highly 
significant by student’s t-test for equality of means (t<0.01) 
(table 1).

Though there was significant difference between the 
measurements of male and female, there is high percentage 
of overlapping amongst them (Table 2). Identification 
Point (IP), Demarking Point (DP) and Limiting Point (LP) 
were determined and are presented in Table 2. The better 
estimator was mesosternal length which could classify 
41(66.13%) male and 21(48.84%) female correctly by using 
Identification Point. The Identification point of sternal index 
for male was 33.41 and female was 65.90, out of which 
100% of female and 93.4% of female were in overlapping 
zone. The remaining sterna were in overlapping zone as 
per identification point. However, the better estimator by 
using demarking point was total length of manubrium and 
mesosternum which could correctly classify 27(43.54%) of 
male and 14(32.56%) of female. LM could not be used for 
sexing both by identification point and demarking point hence 
is concluded to be least sexually dimorphic. The Limiting 
Point calculated from Identification point could correctly 
classify 57(91.93%) of males and 38(88.37%) of females by 
LB correctly and 54(87.09%) males and 39(90.69%) females 
correctly by LMB. It could satisfactorily classify sternums by 
manubrial length as well. Hence, the Limiting Point can be 
used reliably in our population for determination of sex.

The optimal values for the discrimination of sex were 
determined from ROC curve analysis. The different 
dimensions of sternum showed the sensitivity ranging from 
53% to 92%, specificity ranging from 58% to 91%, with 
overall accuracy of 63% to 96%. The best cut-off values for 
ML, CL, SL are listed in table 3 above which all sterna are 
meant to be male and below which all are meant to be female. 
However for Sternal Index the cutoff value was 48.64, above 
which all are meant to be female. Mesosternal length showed 
the best sensitivity and specificity with overall accuracy of 
96.5% (table 3; Fig 2,fig 3).

Sexual Dimorphism in Nepalese sternum
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Table 2: Sterna falling in Overlapping Zone, Identification, 
Demarking and Limiting Points

Variables LM LB LMB

  Male Female Male Female Male Female

Original 
Range(mm)

32.0-
57.0

23.79-
47.70

77.80-
115.19

66.60-
92.41

114.80-
172.13

92.12-
138.02

Overlapping Zone 
by IP(mm) 32.0-47.0 77.80-

92.41
114.80-
138.02

IP(mm) 47.7 32 92.41 77.8 138.02 114.8

No falling within IP 15 7 41 21 30 18

% classified by  IP 24.19 16.28 66.13 48.84 48.38 41.86

% in overlapping 
zone by IP 74.81 83.72 33.87 51.16 51.62 58.14

Range by DP 
(mean±3SD)(mm)

23.88-
61.59

23.57-
54.16

69.78-
124.90

58.56-
96.19

112.44-
167.63

92.75-
139.74

Overlapping Zone 
by DP(mm) 23.88-54.16 69.78-

96.19
92.75-
112.44

DP(mm) 54.16 23.88 96.19 69.78 139.74 112.44

No. classified 
by DP 3 1 26 5 27 14

% classified by DP 4.84 2.33 41.93 11.63 43.54 32.56

% in overlapping 
zone by DP 95.16 97.67 58.07 88.37 56.46 67.44

LP(mm) 39.85 85.11 126.40

No classified 
by LP 40 20 57 54

% classified by LP 64.52 46.51 91.93 88.37 87.09 90.69

Fig 2: Receiver-operating characteristics (ROC) curves of 
sternal lengths for sex determination

Fig 3: Receiver-operating characteristics (ROC) curve of 
sterna index for sex determination

Table 3: ROC curve analysis for sternal dimensions

Parame-
ters

Cut-off 
value AUC SEE P

Sensitiv-
ity%

Specific-
ity%

LM 40.35 0.635 0.054 0.019 53.2 58.1

LB 85.35 0.965 0.015 <0.001 91.9 90.7

LMB 123.435 0.956 0.018 <0.001 91.9 86

SI 48.64 0.76 0.051 <0.001 72.1 65.8

(AUC-area under curve, SEE-Standard Error of Estimate)

Table 4: Application of “Rule of 136” and Hyrtl’s Law

  Male Female

Actual number 62 43

By Ashley’s rule of 136 41 64

No. correctly classified 40 42

% correctly classified 64.52 97.67

By Hyrtl’s law 74 31

No. correctly classified 57 26

% correctly classified 91.9 60.5

Table 5: Comparison of mean values of current study with 
different populations

Author Popula-
tion Sex LM LB LMB SI

Ashley25 European
M 52.2 104.7 156.9 - 

F 47.9 90.8 138.7  -

Dahiphale 
et al29

Indian Ma-
harastra

M 48.46±5.58 94.43±9.52 142.19±11.29 51.99±8.34

F 43.78±5.24 70.19±8.54 113.87±12.02 63.01±8.51

Chowdhuri 
et al5

Indian
Calcutta

M 48.22±5.17 87.84±11.78 -  56.10±10.25

F 44.15±5.25 71.22±11.17  - 63.11±9.33

Toneva et 
al18 Bulgarian

M 53.7±5.1 107.5±10.9  - 50.4±6.8

F 47.3±3.6 88.1±8.7  - 54.0±5.3

Tun et al6 Thai
M 48.04±4.55 98.12±9.1 146.20±9.64 49.06±6.4

F 44.32±4.2 83.08±6.09 126.87±6.65 53.10±6.55

Ekizoglu 
et al10 Turkish

M 52.5±5.2 104.9±10.6  - 50.7±9.5

F 48.2±4.5 89.1±9.2  - 54.7±8.1

Mittal et al26 Indian 
Haryana

M 48.94±4.70 93.07±13.40  - 53.69±9.88

F 45.42±5.0 74.71±9.00  - 61.56±9.62

Macaluso 
et al19 Spanish

M 51.85±4.74 106.25±11.05 158.10±12.70 49.22±6.06

F 45.85±4.76 87.77±9.61 133.62±11.22 52.80±7.59

Gupta et 
al11

Indian
Delhi

M 40.64 87.31 127.95 46.81

F 37.28 81.57 120.09 46.18

Changani 
et al20

Indian
Kerala

M 45.6±6.7 92.49±10.72 138.10±11.63 50.15±10.69

F 40.22±6.53 75.89±8.66 116.11±11.08 53.72±10.69

Present 
Study Nepalese

M 42.73±6.29 97.34±9.18 140.07±12.09 44.18±6.98

F 38.86±5.09 77.38±6.27 116.24±7.83 50.58±8.01

Ashley’s”rule of 136” using total manubrium and 
mesosternum length (LMB) was applied in our study 
participants which could correctly classify most of the 
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females so that 42(97.96%), however only 40(64.2%) of male 
were correctly classified. Regarding Hyrtl’s law applicability, 
it could correctly classify 57(91.9%) of the male and only 26 
(60.5%) of female. By “trial and error” we applied the rule of 
126 in our study population which could correctly classify 
87.09% male and 90.69% female.

DISCUSSION

Many authors have studied sternum for estimation of sex 
by using dry bones.1,6,12,17,23,29 However, current study and 
various other authors have tried to use morphometric 
analysis for studying the variations in sternum with MDCT 
as it generates images close to original bone shape and 
allows rapid measurement in any axis.5,10,13,14,15 Though 
morphometric analysis can be done effectively with CT 
scans, certain measurement errors might occur due to 
orientation.14 In the present study various lengths of sternum 
and sternal index has been used for determining the sexual 
dimorphism however, other measurements like width, length 
of xiphoid process, sternal area etc were included by various 
researchers with varying degree of accuracy.2,8,10,14,15,19-21,29

It is obvious from our study as well as various other studies 
done in different population that all sternal parameters have 
significantly higher value in male than in female showing 
sexual dimorphism both in dry sterna or from CT scans as 
shown in Table 5. The length of the sternum showed bigger 
difference in comparison with European population than 
with Asian population as well as amongst close population 
which have been compared in Table 5.  However, sternal index 
was significantly greater in female than in male which was 
not agreed by some authors.11,20 The greater sternal index in 
female is attributed to the fact that LM in female exceeds half 
the LB, whereas in males LB is at least twice the LM as seen in 
our study and various other studies.1,10,18,20 However, this was  
not agreed by other researchers.8,19 The manubrium length 
was shorter in our study population than the various other 
populations around the world (Table 5). It may be due to the 
difference in nutrition, geography, genes and environment 
amongst the different population.6,15,18-21 Various values were 
determined for the correct classification of sternum like 
Identification Point, Demarking Point and Limiting Point. The 
best amongst these estimators was in our study was found 
to be Limiting Point which could satisfactorily classify the 
sternum whereas Identification Point and Demarking Point 
failed to classify most of the sternums. Most of them have 
fallen into the overlapping zones or range of the other sex 
in our study. This was consistent with the other studies.4,8,26 

Hence we would like to advocate for not using demarking 
point as a tool for sex determination in our population. This 
observation was agreed with Singh et al 21 who also found 

IP to be the satisfactory estimator and demarking point to 
be the least reliable estimator for various lengths. Manubrial 
length was found to be the least accurate for determining 
sex by using IP, DP and LP and other methods which was 
concurrent with other studies as most of the sterna fell into 
the range of other sex.4,6,17,20,29 The most accurate dimension 
being mesosternal length and total length by IP and LP in 
our study which corroborated with some 19,20,26,29 but was 
disagreed with others.4,11

Ashley’s rule of 136 used for East African’s could classify 
76.7% male and 80.4% female in their study.25 We applied 
same rule in our study population which could classify 
majority 42(97.67%) of females but only 40(64.52%) of 
males. This was very close to the finding of Adhvaryu et al 4 
who also observed 71.11% male and 96.34% female obeying 
the rule.Dahiphale et al29 applied rule of 129 for North 
Indian population by which he could classify 91.66% male 
and 82.97% female. Atesoglu et al15 formulated rule of 144 
for Turks which could correctly classify most of the genders. 
The Limiting point of 126 was applied in our population 
which could be successfully applied in our population and 
classified 87.09% of males and 90.69% of females. However 
it can’t be said if any particular sternum given is definitely 
male or female by these rules.2,9

The sternal index of female was significantly greater than the 
male in our study. However few authors found no significant 
difference between the SI of two sexes as both of the values 
were close and above fifty.2,14 The sternal index of one sex had 
fallen within the range of other sex making determination 
of sex difficult as (100% female and 93.4% of male) which 
corroborated with other study.18,29 Hyrtl’s law for SI was also 
applied in our study population. It could classify majority 
of male 57(91.9%) of male and 26(60.5%) of female. This 
result was is close agreement with other studies in which 
60-80% of female sterna obeyed the rule 15,18,24,25 but was 
farther from the finding of other authors that showed 90-
100% female sterna obeying the rule.23,26,29  For male our 
result was in disagreement with many studies which were 
not satisfactorily (30-60%) classified by this rule 15,18,22,23,25,29 
but was close with Atal et al24 where 89.28% male sterna 
obeyed the rule. Again these variations in the values can be 
attributed to differences in nutrition, race and geography 
amongst the population. 

ROC curve analysis was done on variables to see their 
discriminating power. Various cut-off values were 
determined which showed high sensitivity and specificity 
for mesosternum (LM) and total sternum (LMB) with high 
overall accuracy >95%. Hence, can be used as best predictive 
factors of sex in our population. This result corroborated 
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with other study by several researchers showing >85% 
overall accuracy which also showed optimum sensitivity 
and specificity for mesosternal length.10,14,27However our 
study showed less sensitivity and specificity for sternal 
index and manubrium length with overall accuracy of 63.5% 
and 76% respectively. This was approximate to the result 
of other studies by Ekizoglu et al10 and Yongue et al27 but 
disagreed with few others2,8,14 who showed good accuracy 
with manubrium length. Many authors using discriminate 
function analysis also found mesosternal length and total 
length to be highly sexually dimorphic.5,6,10,19,28

It should be noted that bones are population specific and 
various factors could cause variations on the phenotype of 
population even amongst close population.5,18,19

CONCLUSION

Hence, we demonstrated the metric features of sterna of 
Nepalese population in current study. We conclude that we 
can satisfactorily determine gender by using the sternal 
measurement like mesosternal length and total sterna 
length but we found sternal index and manubrium length 
less satisfactory. We used the rule of 126 for total length 
of manubrium and mesosternum for Nepalese population 
which could correctly sex majority of the sternum. We would 
like to emphasize the researchers to do additional study 
utilizing much larger sample and from other geographical 
region of Nepal to validate the result of this study using other 
parameters of sterna.
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