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Abstract
There is a paucity of osteometric standards for sex estimation from unknown skeletal remains in Jordan and the sexual dimorphism of
the sternum has not yet been investigated. The aim of this study was to evaluate the sexual dimorphism in sternal measurements
using 3D multidetector computed tomography (MDCT), and to assess their reliability for sex estimation in a Jordanian population. A
total of 600 MDCT scans (300 males and 300 females) were used and a total of 8 sternal measurements were studied (manubrium
length, sternal body length, combined length of manubrium and body, corpus sterni width at 1st and 3rd sternebrae, sternal index
and area). Sexual dimorphism was evaluated by means of discriminant function analyses. Significant sexual dimorphism was found
mainly in middle-aged and older adults. Including all subjects, multivariate, and stepwise functions gave an overall accuracy of 83.0%
and 84.0%, respectively. Additionally, multivariate and stepwise analyses were conducted separately for each age group. The
accuracy of sex estimation in multivariate analysis (all variables) varied from 63.2% in the young, and 83.7% in the middle adults to
84.9% for older adults. In stepwise analysis, the highest accuracy rates were provided by only sternal area in young adults (81.6%),
and sternal area combined with sternal body length in middle-aged and older adults (84.2% and 85.3%, respectively). The best sex
discriminator using univariate analysis (single variable) was sternal area followed by sternal body length (84.0% and 80.8%
respectively). Notably, univariate analyses for most variables gave relatively higher classification accuracies in females but were poor
at predicting males in the sample (sex bias ranged between �6.4% and �20%). Our data suggest that dimorphism in the human
sternum increases with advancing age and separate discriminant functions are needed for each age group in Jordanians. In addition,
multivariate and stepwise analyses using sternum gave higher classification accuracies with comparatively lower sex biases
compared to univariate analyses.

Abbreviations: B= Sternal body length, CL= combined length, CSWS1=Corpus sterni width at 1st sternebra, CSWS3=Corpus
sterni width at 3rd sternebra, ML = Manubrium length, MW = Manubrium width, SA = Sternal area, SI = Sternal index.
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1. Introduction
Postmortem sex identification has been extensively described in
forensic literature since the late 1960s.[1] It can be done by one of
three methods: morphologic, osteometric and DNA analysis.[2,3]
Editor: Shogo Hayashi.

Ethical approval and consent to participate: This study was approved by the Academi
Consent form was obtained from all study participants.

Please contact the corresponding author for data requests (Heba Kalbouneh PhD–em

This research did not receive any specific grant from funding agencies in the public, c

The authors have no conflicts of interests to disclose.

The datasets generated during and/or analyzed during the present study are available
a Department of Anatomy, School of Medicine, The University of Jordan, Amman, Jord
c Department of Orthopaedics, Faculty of Medicine, Yarmouk University, Irbid, Jordan,
∗
Correspondence: Heba Kalbouneh, Department of Anatomy and Histology, Faculty o

(e-mail: heba.kalbouneh@ju.edu.jo).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons A
download, share, remix, transform, and buildup the work provided it is properly cited.

How to cite this article: Kalbouneh H, Mubarak N, Daradkeh S, Ashour O, Alkhatib AM
of the sternum in a contemporary Jordanian population: A computed tomographic stu

Received: 28 February 2021 / Received in final form: 6 November 2021 / Accepted: 1

http://dx.doi.org/10.1097/MD.0000000000028169

1

This task proves much more challenging when the remains are
incomplete, which may occur in the setting of various incidents
such as mass disasters, fires, explosions, crashes and physical
violence. The most accurate method of sex estimation is DNA
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analysis; however, in certain circumstances it cannot be used. Due
to its complexity, DNA may not be always extracted and it
necessitates the presence of qualified personnel while also proving
to be quite expensive.[4] Conversely, the osteometric method uses
skeletal remains to accurately determine sex and create a
biological profile. It has demonstrated to be less costly and
complex, easily reproducible, and does not require special
expertise; thereby, is considered a fundamental part of medico-
legal investigation.[5] The pelvis and the skull have been primarily
used by forensic anthropologists to estimate sex as they are
considered highly accurate, with the pelvis being the most
accurate.[6] However, depending solely on these two areas may
hinder the sex estimation process as they are prone to trauma or
may not be present.[7–9] Notably, the pelvis was described as
fragile and susceptible to damage while the skull is less accurate
than postcranial bones.[10,11] As a result, other bony elements
need to be investigated as potential estimators of sex.
The sternum has been frequently examined in different

population-based studies as a potential sex estimator using
either traditional or virtual tools.[7,8,12–15] It has revealed a
recovery rate of>59% in skeletal remains housed in the Forensic
Anthropology Data Bank.[7] In addition, early studies of sex
estimation using the sternum have led to the formulation of
Hyrtl’s law which states that the manubrium of the female
sternum exceeds half the length of the body, while the body in the
male sternum is, at least, twice as long as the manubrium.[16] This
aids in the reinforcement of the presence of sexual dimorphism in
the sternum. Jordanians are considered a population of mixed
ancestry due to the mass immigration of refugees from the
neighboring countries. The lack of traditional repositories of
skeletal remains in Jordan necessitates the use of alternative
identification methods. There is a paucity of osteometric data for
sex estimation from unknown skeletal remains in Jordan.
Figure 1. Reconstructed three-dimensional computed tomography of
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Therefore; our current research project aims to establish
population-specific osteometric standards from different bones
and/or bony elements to optimize the accuracy of identification
and to contribute to current forensic standards for this
underrepresented population. The specific objective of this study
was to assess the sexual dimorphism in sternum using 3DMDCT,
and its reliability to predict sex in a sample of Jordanian
population by means of discriminant function analyses.
2. Materials and methods

Six-hundred chest CT scans (300 males (20–82years) and 300
females (21–80years) were obtained from the Radiology
Department at Jordan University Hospital. The sample was
comprised of native Jordanian individuals of known age and sex.
Any pathological condition, deformity or trauma in the sterna
that led to ambiguous anatomy resulted in the exclusion of the
corresponding CT scan. In addition, this study included only CTs
in which all sternebrae of the sternum body were fused.
This retrospective study was performed in line with the

principles of the Declaration of Helsinki and approved by the
Institutional Review Board at the Jordan University Hospital.
The requirement for informed consent was waived as the study
analyzed only archival CT scans (entirely retrospective) and
involved no risk to the subjects. PACS workstation (Fujifilm’s
PACS Synapse workstation 3.2.1, Stamford) was used to record
five linear measurements (inmm) (Fig. 1). Measurements were
taken following the definitions of McCormick et al and Jit et al
(Table 1).[17,18] The images were acquired with a 64-detector-row
CT scanner. Scans were obtained with 140kV voltages, 230mA
current, 1mm slice thickness, 0.5s/cycle scan speed and 1.2 scan
pitch. Multi-detector 3D images were reconstructed using
multiplanar reconstruction (MPR) and 3D-rendering algorithms.
a sternum showing the measurements used in the present study.



Table 1

Definition of the measurements used in the present study.

Measurement Description

Manubrium length (ML) Distance taken from the midpoint of the concavity of jugular notch to the midpoint of the manubriosternal junction
Sternal body length (B) Distance taken from the midpoint of the manubriosternal junction to the midpoint of the xiphisternal junction
Combined length (CL) Sum of the manubrium and body lengths
Manubrium width (MW) Distance taken between the midpoints of the facets for the first costal cartilages on each side
Corpus sterni width at 1st sternebra (CSWS1) Distance taken between the midpoints of the facets for the second and third costal cartilages on each side
Corpus sterni width at 3rd sternebra (CSWS3) Distance taken between the midpoints of the facets for the fourth and fifth costal cartilages on each side
Sternal area (SA) Calculated using the formula: (ML+B) X (MW+CSWS1+CSWS3)/3
Sternal index (SI) Calculated using the formula: (ML/ B) X 100
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The measurements were acquired by two radiology experts. Age
and sex were blinded during the conduction of the osteometric
measurements. The combined length of manubrium and sternal
body, sternal area and index were calculated as defined in
Table 1. To explore the effect of age on sexual dimorphism, the
subjects were divided into three age groups: young adults within
the range of 20 to 35years (138 subjects, 67 males and 71
females, mean age 29.4years); middle-aged adults within the
range of 36 to 55years (202 subjects, 96 males and 106 females,
mean age 48.4years); and older adults within the range of 56 to
80years (260 subjects, 137 males and 123 females, mean age
68.3years).

2.1. Statistical analysis

The data was entered into a spreadsheet and analyzed using the
IBM SPSS Statistics for Windows, version 22 (IBM Corp,
Armonk, NY). Descriptive statistics obtained included the mean
and standard deviation for each variable in all subjects and in
each age group. Sexual dimorphism and comparisons between
different age groups were based on one-way ANOVA. The
normal distribution was tested using the Shapiro–Wilk test. A P-
value � .05 was considered significant. Inter-observer variability
was analyzed using the kappa statistic. Using a sample of 50 CT
images, inter-observer variability was excellent for all measure-
ments, r>0.90 (P< .05).
Multivariate, stepwise and univariate discriminant function

analyses were performed and sectioning points were calculated.
The equality of the variance and covariance matrices between
males and females was confirmed by Box’s M test. The sectioning
point was obtained by taking the average of the two centroids.
The classification results for each analysis (multivariate, stepwise
and univariate) were cross-validated using “leave one out
classification” method. The sex bias was calculated as the
percent difference between the correct classification accuracies in
males and females (% of males correctly classified –%of females
correctly classified).
3. Results

3.1. Sexual dimorphism of sternal variables

The mean and standard deviation for each sternal variable
according to sex in all subjects and in different age groups were
shown in Table 2. Considering all ages combined, all variables
were found to be significantly larger in males, except for the
sternal index (P< .05). When the analyses were performed
separately for each age group, all variables contributed
3

significantly to sexual dimorphism in different age groups
(P< .05) except for manubrium length in young and middle-
aged adults, corpus sterni width at 1st sternebra and 3rd
sternebra and sternal index in the young adults (P> .05). In all
subjects, the most dimorphic variables were sternal area, sternal
body length, combined length of manubrium and body, and
manubrium width. In young adults, the most dimorphic variable
was sternal area, while sternal area, sternal body length, and
combined length of manubrium and body were the most
dimorphic variables in middle-aged and older adults (Table 2).
All sternal variables increased with increasing age (except
for sternal index), but this increase was not significantly
different between the three age groups in both males and
females (P> .05).

3.2. Multivariate discriminant function analysis

The multivariate analyses (all sternal variables were entered
simultaneously) were developed and sectioning points were
obtained for all subjects, young, middle-aged and older adults
(Table 3). In all subjects, sex was determined correctly in 83.0%
of the scans with a sex bias of 1.2% (83.6% were males and
82.4% were females).
The highest overall correct classification rate was obtained

from the older adults with an overall accuracy rate of 84.9%with
a sex bias of �2.4% (83.8% were males and 86.2% were
females). Inmiddle adults, sex was determined correctly in 83.7%
of the scans with a sex bias of 1.5% (84.5% were males and
83.0% were females). On the other hand, low classification
accuracies were obtained from all sternal variables in young
adults; sex was determined correctly in only 63.2% of the scans
with a high sex bias of �7.9% (58.8% were males and 66.7%
were females) (Table 3).

3.3. Stepwise discriminant function analysis

Sternal area, sternal body length, manubrium width, and corpus
sterni width at 1st sternebra were selected as best discriminators
of sex in all subjects using the forward stepwise discriminant
function analysis (Table 4). The 4 variables selected in the
stepwise analysis increased slightly the accuracy of sex estima-
tion; sex was determined correctly in 84.0% of the scans with a
sex bias of�2.4% (82.8%were males and 85.2%were females).
In young adults, only sternal area was selected as the best

discriminator of sex with an overall accuracy rate of 81.6% and a
sex bias of 1.4% (82.4% were males and 81.0% were females),
while sternal area and sternal body length were selected as best
discriminators of sex in both middle-aged and older adults with
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Table 2

Means, Standard deviations and “P” values of sternal measurements according to sex and age in Jordanian population.

Sternal measurement Age group Male (SD) Female (SD) F P

Manubrium length All 49.7 (10.7) 47.1 (8.7) 8.9 .003a

18–35 years 48.6 (11.5) 46.5 (9.6) 0.4 .551
36–55 years 49.4 (11.0) 46.8 (9.3) 3.3 .072
≥56 years 50.0 (10.5) 47.4 (8.1) 5.0 .026a

F 0.206 0.189
P 0.814 0.828

Sternal body length All 101.4 (11.0) 84.5 (9.9) 326.6 <.001a

18–35 years 99.9 (15.7) 82.9 (10.9) 15.5 <.001a

36–55 years 101.2 (9.8) 83.7 (9.6) 165.2 <.001a

≥56 years 101.8 (11.2) 85.5 (9.7) 151.7 <.001a

F 0.270 1.290
P 0.764 0.277

Combined length All 151.2 (16.9) 131.6 (13.6) 201.1 <.001a

18–35 years 148.4 (18.2) 129.4 (15.9) 11.8 .001a

36–55 years 150.6 (17.4) 130.5 (14.1) 82.3 <.001a

≥56 years 151.9 (16.6) 132.9 (12.7) 104.2 <.001a

F 0.386 1.217
P 0.680 0.298

Manubrium width All 64.4 (9.8) 54.8 (10.9) 106.5 <.001a

18–35 years 62.5 (8.9) 53.1 (11.4) 7.6 .009a

36–55 years 62.9 (8.3) 54.6 (11.4) 35.3 <.001a

≥56 years 65.7 (10.7) 55.3 (10.5) 61.6 <.001a

F 2.518 0.371
P 0.083 0.691

Corpus sterni width at 1st sternebra All 28.5 (5.0) 24.9 (4.1) 74.3 <.001a

18–35 years 27.9 (4.5) 24.7 (4.3) 3.8 .051
36–55 years 28.5 (4.9) 24.8 (4.1) 32.9 <.001a

≥56 years 28.7 (5.2) 25.1 (4.3) 36.2 <.001a

F 0.354 0.164
P 0.702 0.850

Corpus sterni width at 3rd sternebra All 34.7 (6.7) 30.4 (5.4) 63.5 <.001a

18–35 years 34.3 (8.5) 29.8 (6.0) 3.7 .064
36–55 years 34.6 (6.5) 30.1 (5.3) 28.8 <.001a

≥56 years 34.9 (6.7) 30.7 (5.4) 30.3 <.001a

F 0.094 0.463
P 0.911 0.630

Sternal area All 6416.4 (937.1) 4829.1 (799.7) 414.9 <.001a

18–35 years 6137.3 (1040.7) 4661.3 (1064.9) 18.4 <.001a

36–55 years 6307 (868.7) 4761.9 (813.4) 171.4 <.001a

≥56 years 6528.9 (960.9) 4915.7 (730.5) 227.6 <.001a

F 2.415 1.565
P 0.091 0.211

Sternal index All 49.3 (11.1) 56.4 (12.3) 45.7 <.001a

18–35 years 50.0 (16.4) 56.7 (12.7) 1.9 .166
36–55 years 48.8 (9.9) 56.6 (12.8) 22.9 <.001a

≥56 years 49.5 (11.2) 56.2 (12.0) 21.4 <.001a

F 0.155 0.029
P 0.856 0.971

a Significant at �0.05,
∗
one-way ANOVA.
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overall accuracies of 84.2% and 85.3% (sex bias 0.5% and
�3.2%), respectively (Table 4).
3.4. Univariate discriminant function analysis

Additionally, each sternal variable was subjected to univariate
discriminant analysis to determine the importance of each sternal
variable in discriminating between sexes. The single discriminant
functions were developed and sectioning points were obtained
(Table 5). The best sex discriminator using the univariate analysis
was sternal area followed by sternal body length. Overall
accuracy rates of 84.0% and 80.8% were obtained, respectively
4

(Table 6). Notably, the univariate analyses of most variables
(manubrium length, combined length of manubrium and body,
manubrium width, corpus sterni width at 1st and 3rd sternebrae,
and sternal area) gave relatively higher classification accuracies in
females but were poor at predicting males in the sample (sex bias
ranged between �6.4% and �20%).
4. Discussion

Over the past decades, an increased need has been developed for
new and reliable methods of forensic identification to identify
victims of natural disasters, wars, terrorist attacks, bomb blasts,



Table 3

Multivariate direct discriminant function analysis of sternal measurements: Canonical discriminant function coefficients, sectioning
points, and classification results in Jordanian population.

Predicted group membership

Sternal measurements
Unstandardized
coefficients

Standardized
coefficients

Structure
matrix Centroids

Sectioning
point Male Female

Correct
classification

Sex
bias

All subjects
Manubrium length 0.053 0.515 0.134 F: �0.997 0.000 83.6% 82.4% 83.0% 1.2%
Sternal body length 0.092 0.965 0.810 M: 0.997
Manubrium width 0.072 0.753 0.463
Corpus sterni width at 1st sternebra 0.095 0.441 0.387
Corpus sterni width at 3rd sternebra 0.044 0.269 0.357
Sternal area �0.001 �0.540 0.914
Sternal index �0.008 �.089 �.303
Constant �15.541

Wilks’ Lambda: 0.500, Eigen value: 0.998, Canonical correlation: 0.707, P value: <.001
∗

Young adults (20–35 years)
Manubrium length 0.039 0.414 0.111 F: �0.790 0.093 58.8% 66.7% 63.2% �7.9%
Sternal body length 0.278 3.686 0.726 M: 0.976
Manubrium width 0.208 2.166 0.509
Corpus sterni width at 1st sternebra 0.309 1.362 0.376
Corpus sterni width at 3rd sternebra 0.182 1.312 0.354
Sternal area �0.004 �4.246 0.793
Sternal index 0.115 1.664 �0.261
Constant �37.572

Wilks’ Lambda: 0.551, Eigen value: 0.813, Canonical correlation: 0.670, P value: .007
∗

Middle-aged adults (36–55 years)
Manubrium length �0.018 �.186 0.119 F: �1.021 0.048 84.5% 83.0% 83.7% 1.5%
Sternal body length 0.159 1.540 0.845 M: 1.116
Manubrium width 0.082 0.816 0.390
Corpus sterni width at 1st sternebra 0.108 0.487 0.377
Corpus sterni width at 3rd sternebra 0.055 0.323 0.353
Sternal area �0.001 �0.805 0.861
Sternal index 0.056 0.645 �0.315
Constant �20.859

Wilks’ Lambda: 0.465, Eigen value: 1.151, Canonical correlation: 0.732, P value: <.001
∗

Older adults (≥56 years)
Manubrium length 0.119 1.128 0.138 F: �1.060 �0.051 83.8% 86.2% 84.9% �2.4%
Sternal body length 0.044 0.463 0.759 M: 0.959
Manubrium width 0.072 0.764 0.484
Corpus sterni width at 1st sternebra 0.076 0.361 0.371
Corpus sterni width at 3rd sternebra 0.044 0.269 0.339
Sternal area 0.000 �0.350 0.930
Sternal index �0.068 �0.787 �0.258
Constant �11.831

Wilks’ Lambda: 0.494, Eigen value: 1.025, Canonical correlation: 0.711, P value: <.001
∗

∗
Significant at �0.05.
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massmurders etc. In these circumstances, any skeletal remain or a
single preserved bone piece becomes fundamental for identifica-
tion in the forensic context.[19–21] Many studies demonstrated
high accuracy between measurements taken from a dry element
and measurements taken from the 3D-CT image of the same dry
element or the virtual bone surfaces reconstructed from CT scans
of living individuals.[22–25] For example, the mean difference
between the actual measurements and the measurements on the
3D CT images of the skull was only 0.9mm.[26] Additionally, no
significant difference was found between MDCT measurements
using juvenile clavicles and those taken by direct osteometric
methods,[22] confirming the consistency of measurements
obtained from computed tomography and thus validating its
use in osteometric studies.
5

This study and others are being carried out in order to establish
a forensic anthropology databank on sex estimation of
skeletonized remains in Jordan. In line with our results, previous
studies performed in different populations reported significant
differences in sternal measurements between sexes.[7–9,15,27]

However, sternal differences between sexes were explored in
different age groups in our study to explore the effect of age on
sexual dimorphism of sternum. Sexual dimorphism was found
mainly in the middle-aged and older adults. Manubrium length
was significantly dimorphic in older adults only. Additionally, no
significant differences in corpus sterni width at 1st sternebra, 3rd
sternebra and sternal index were found in young adults,
suggesting that dimorphism in the human sternum increases
with advancing age. This can be attributed in part to the

http://www.md-journal.com


Table 4

Stepwise discriminant function analysis of sternal measurements: Canonical discriminant function coefficients, sectioning points &
classification results in Jordanian population.

Predicted group membership

Sternal measurements
Unstandardized
coefficients

Standardized
coefficients

Structure
matrix Centroids

Sectioning
point Male Female

Correct
classification

Sex
bias

All subjects
Sternal area 0.000 0.355 0.920 F: �0.991 0.000 82.8% 85.2% 84.0% �2.4%
Sternal body length 0.057 0.597 0.816 M: 0.991
Manubrium width 0.023 0.236 0.466
Corpus sterni width at 1st sternebra 0.043 0.198 0.389
Constant �10.090

Wilks’ Lambda: 0.504, Eigen value: 0.986, Canonical correlation: 0.705, P value: <.001
∗

Young adults (20–35 years)
Sternal area 0.001 1.000 1.000 F: �0.626 0.074 82.4% 81.0% 81.6% 1.4%
Constant �5.048 M: 0.774
Wilks’ Lambda: 0.662, Eigen value: 0.512, Canonical correlation: 0.582, P value: <.001

∗

Middle-aged adults (36–55 years)
Sternal area 0.001 0.632 0.883 F: �0.996 0.046 84.5% 84.0% 84.2% 0.5%
Sternal body length 0.079 0.768 0.867 M: 1.088
CL �0.23 �0.366 0.612
Constant �8.178

Wilks’ Lambda: 0.478, Eigen value: 1.094, Canonical correlation: 0.723, P value: <.001
∗

Older adults (≥ 56 years)
Sternal area 0.001 0.764 0.962 F: �1.025 �0.049 83.8% 87.0% 85.3% �3.2%
Sternal body length 0.032 0.338 0.785 M: 0.927
Constant �8.112

Wilks’ Lambda: 0.511, Eigen value: 0.957, Canonical correlation: 0.699, P value: <.001
∗

∗
Significant at �0.05.
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variations in the ossification patterns and the fusion ofmanubrio-
mesosternal and mesosterno-xiphisternal junctions. Previous
studies showed that most of the ossification begins after the
teenage years and progresses with aging.[28–30] In an autopsy
study of South Indian population, none of the sterna aged below
30years showed fusion of mesosterno-xiphisternal junction and
nonfusion of mesosterno-xiphisternal junction was reported till
Table 5

Univariate direct discriminant function analysis: Canonical discrim
population.

Sternal measurements
Unstandardized
coefficients Constant

Manubrium length 0.102 �4.939

Sternal body length 0.096 �8.881

Combined length 0.065 �9.180

Manubrium width 0.096 �5.738

Corpus sterni width at 1ststernebra 0.216 �5.786

Corpus sterni width at 3rdsternebra 0.164 �5.346

Sternal area 0.001 �6.455

Sternal index 0.085 �4.504

Standardized coefficient=1.000, Structure matrix=1.000, Sectioning point: 0.
∗
Significant at �0.05.

6

the age of 48years in males and 46years in females.[31]

Additionally, the fusion times of the sternal body’s four
sternebrae are found to be highly variable and different times
of fusion were reported in different populations.[32,33] A study of
the fusion phases of sterna from a Black South African
population demonstrated that the majority of sterna remain
unfused throughout adult life, with complete fusion observed
inant function coefficients and sectioning points in Jordanian

Wilks’
lambda

Eigen
value

Canonical
correlation Centroids P

0.982 0.018 0.132 F: �0.133
M: 0.133

.003
∗

0.604 0.656 0.629 F: �0.808
M:0.808

<.001
∗

0.712 0.404 0.536 F: �0.634
M:0.634

<.001
∗

0.824 0.214 0.420 F: �0.462
M: 0.462

<.001
∗

0.870 0.149 0.360 F: �0.386
M: 0.386

<.001
∗

0.887 0.128 0.336 F: �0.356
M: 0.356

<.001
∗

0.545 0.883 0.674 F: �0.911
M: 0.911

<.001
∗

0.916 0.092 0.290 F: 0.302
M: �0.302

<.001
∗



Table 6

Classification results of sternal measurements in Jordanian population by univariate discriminant function analysis.

Univariate analysis

Sternal measurements
Predicted group membership

Correct classification (%) Sex bias (%)Male (%) Female (%)

Manubrium length 44.8 64.8 54.8 �20.0
Sternal body length 81.6 80.0 80.8 1.6
Combined length 68.4 80.0 74.2 �11.6
Manubrium width 62.8 72.0 67.4 �9.2
Corpus sterni width at 1st sternebra 54.8 70.4 62.6 �15.6
Corpus sterni width at 3rd sternebra 56.8 70.0 63.4 �13.2
Sternal area 80.8 87.2 84.0 �6.4
Sternal index 69.2 62.4 65.8 6.8
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both in young and old individuals.[34] However, in our study, no
significant differenceswere found in sternal variables between the
three age groups in both sexes. This finding is in line with the
previous studies.[15,35] In a study of Spanish population, a sample
of dry sterna was separated into three age groups; adults (21–40
years), mature (41–60years), and senile (>60years) and no
statistical differences were found between age groups.[15]

Additionally, a study of a Turkish population using MSCTs
divided the sample arbitrary into four age groups (21–40years,
41–60years, 61–80years, and ≥81years) and the effect of age
group on all measurements was found to be statistically
insignificant.[35] Therefore, in these two former studies, the
different age groups were grouped together in their discriminant
function analyses.[15,35]

Similar to the dimorphic pattern obtained in this study, the four
most dimorphic sternal variables in South African and Western
Australian populationswere sternal area, the combined length of the
manubrium and body, sternal body length and manubrium
width.[12,36] It can be noted from the single variable analyses of
previous international studies (Tables 7 and 8) that SA, CL, B, and
MW gave comparatively higher overall classification accuracies
ranging between 70.1% and 95.0%. On the other hand, the four
variables (ML, CSWS1, CSWS3, and SI) yielded relatively lower sex
determination accuracies compared to other sternal variables.
Previous studies used also direct multivariate/stepwise analyses with
Table 7

Comparison of the accuracy (%) of the linear sternal measurements
analysis.

ML (%) B (%) C

Study Sample ♂ ♀ All ♂ ♀ All ♂

Japanese[8]‡ 62.0 63.0 62.5 79.0 89.0 84.0 81.0
South African Blacks[36]

∗
65.0 73.5 68.4 82.9 84.3 83.5 79.7

Spanish[38]
∗

72.3 72.5 72.4 75.4 84.3 79.3 80.0
Saudi[37]† 68.0 73.0 70.5 85.0 85.0 85.0 86.0
Croatian[13]† 64.4 72.7 68.0 83.6 81.8 82.8 84.9
Spanish[15]

∗
69.7 83.3 76.2 88.4 85.3 87.0 93.1

Americans Blacks &Whites[7]
∗

61.0 68.0 64.5 80.0 77.0 78.5 77.0
South Indian[14]

∗
76.1 64.0 70.9 76.1 62.0 70.1 80.6

Chinese[39]† 59.4 74.1 65.9 77.6 79.5 78.4 80.4
Turkish[9]† 67.6 71.3 – 80.9 80.2 – –

Western Australian[12]† – – – – 83.4 –

B=Sternal Body Length, CL=Combined Length, CSWS1=Corpus Sterni Width 1st Sternebra, CSWS3=∗
Dry sterna.

†MDCT/MSCT.
‡ Postmortem MDCT,

∗∗∗∗
Digital radiographs.
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different combinations methods for measurement data (Table 9).
Using the five linear sternalmeasurement (ML, B,MW,CSWS1, and
CSWS3), the highest accuracy ratewas reported in a study conducted
on an Egyptian sample with an overall accuracy of 96.7%.[27]

Considering all sternal variables in our discriminant analysis, the
highest classification accuracy was obtained from the older adults
with an overall accuracy rate of 84.9% (sex bias�2.4%), followed
by the middle-aged adults with an overall accuracy rate of 83.7%
(sex bias 1.5%). On the other hand, lower classification accuracies
(overall 63.2%) with a high sex bias (�7.9%) were obtained from
the youngadults. In a forensic context, variableswithhigh sexbiases
have limited forensic applicability and cannot certainly be used as
sex estimators.[12] Sternal area was the most dimorphic variable in
the young adults and it was selected by the stepwise analysis as the
best discriminator of sex. These data suggest that young ages have
comparatively lower level of dimorphism in sternumand the highest
accuracy of sex estimation in young sterna can be obtained by using
sternal area only. Additionally, the data of this study confirms that
the sternum has comparatively higher levels of dimorphism in
subjects aged more than 35years. The univariate analysis was
performed to figure out the contribution of each variable
individually in sex estimation and to test which single variable is
the most or least reliable in sex estimation. The classification
accuracies obtained from the univariate analysis of each sternal
variable are comparable with those reported from different
in sex estimation in previous international studies using univariate

L (%) MW (%) CSWS1 (%) CSWS3 (%)

♀ All ♂ ♀ All ♂ ♀ All ♂ ♀ All

90.0 85.5 77.0 88.0 82.5 70.0 76.0 73.0 70.0 79.0 74.5
88.0 83.0 77.2 81.9 79.1 61.8 78.3 68.4 65.0 75.9 69.4
82.4 81.0 84.6 86.3 85.3 73.8 72.5 73.3 69.2 72.5 70.7
93.0 89.5 77.0 76.0 76.5 72.0 73.0 72.5 61.0 72.0 66.5
83.6 84.4 78.1 80.0 78.9 72.6 74.5 73.4 65.8 69.1 67.2
84.6 89.1 – – – 70.4 81.0 75.0 69.4 72.7 70.7
86.0 81.5 – – – 61.0 71.0 66.0 58.0 68.0 63.0
66.0 74.4 – – – 74.6 66.1 70.9 74.6 58.0 67.5
84.8 82.4 66.4 75.9 70.6 – – – – – –

– – – – – 68.0 76.7 – 57.3 70.8 –

– 83.4 – – 77.5 – – 72.2 – – –

Corpus Sterni Width 3rd Sternebra, ML=Manubrium Length, MW=Manubrium Width.
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Table 8

Comparison of the accuracy (%) of the sternal index and area in sex estimation in previous international studies using univariate analysis.

SI (%) SA (%)

Study sample Data ♂ ♀ All ♂ ♀ All

Japanese[8] Postmortem MDCT 67.0 59.0 63.0 88.0 93.0 90.5
South African Blacks[36] Dry sterna 74.8 60.2 68.9 83.7 91.6 86.9
Spanish[38] Digital radiographs 60.0 56.9 58.6 86.2 92.2 88.8
Spanish[15] Dry sterna 75.9 69.2 72.7 – – –

Saudi[37] MDCT 66.0 59.0 62.5 86.0 90.0 88.0
Croatian[13] MSCT 69.9 54.5 63.3 84.9 94.5 89.1
Turkish[9] MDCT 64.3 56.4 – – – –

Turkish[35] MSCT – – – 83.8 79.0 81.8
Egyptian[27]

∗
MSCT – – – – – 95.0

SA=Sternal area, SI=Sternal Index.
∗
Multiple regression analysis was used in this study.
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populations (Tables 7 and 8). However, lower classification
accuracies were obtained in our study using the univariate analyses
compared to multivariate or stepwise analyses. The highest
classification accuracy obtained from a single variable analysis
was from sternal area with an overall accuracy rate of 84.0%.
Table 9

Comparison of the accuracy of sternal measurements in sex estima
analysis.

Study sample Data ♂

Japanese[8] Postmortem CT 78.0
86.0
87.0

South African Blacks[36] Dry sterna 88.0
81.3
82.9

Spanish[15] Dry sterna 92.3
94.7
86.2

Americans Blacks &Whites[7] Dry sterna 79.8
80.0

South Indian[14] Dry sterna 80.6
77.6
79.1
80.6
82.1

Chinese[39] MDCT 80.4
72.7

Saudi[37] MDCT 87.0
89.5
80.0
88.0

Croatian[13] MSCT 89.0
Turkish[9] MDCT 83.8

80.5
83.8

Turkish[35]
∗

MSCT 87.8
Western Australian[12] MSCT –

–

–

Egyptian[27]
∗

MSCT –

B=Sternal Body Length, CL=Combined Length, CSWS1=Corpus Sterni Width 1st Sternebra, CSWS3=Co
Length, MW=Manubrium Width, SBMW= the maximum width of the sternal body after measuring all
∗
Multiple regression analysis was used in this study.
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According to Hyrtl’s law, sternal index would be<50 in males
and >50 in females. However, several studies reported sternal
index as an unreliable parameter because of the significant
overlap between sexes and the associated large sex bias
(Table 8).[7,9,13,15,37] In line with the later studies, sternal index
tion in previous international studies using Multivariate stepwise

Accuracy (%)

♀ All Variables used

87.0 82.5 ML, MW
87.0 86.5 B, CSWS1

91.0 89.0 ML, B, MW, CSWS1

85.4 86.4 ML, B
79.5 80.6 ML, MW
86.7 84.5 B, CSWS1

88.2 90.7 CL, SBMW
87.0 91.8 B, SBMW
87.0 86.5 ML, T, CSWS1

85.7 82.8 ML, B, CSWS1

88.2 84.1 ML, B, CL, CSWS1, CSWS3, SI
64.0 73.5 ML, B
66.0 72.6 CSWS1, CSWS3

74.0 76.9 ML, B, CSWS1, CSWS3

76.0 78.6 CL, CSWS1, CSWS3

76.0 79.5 CL, CSWS1

83.0 81.6 SI, CL, MW
80.4 76.1 MW, MI
94.0 90.5 ML, B, MW, CSWS1

85.0 94.0 ML, B, MW, CSWS1, CSWS3

80.0 80.0 ML, MW
89.0 88.5 MW, CSWS1, CSWS3

92.7 90.6 MW, B, CSWS1

86.1 – ML, B, CSWS1, CSWS3

81.7 – ML, B
83.7 – ML CSWS1, CSWS3

80.4 84.7 ML, B, MW, CSWS1, CSWS3

– 84.5 CL, CSWS1

– 84.5 MW, CSWS1

– 84.0 CL, MW
– 96.7 ML, B, MW, CSWS1, CSWS3

rpus Sterni Width 3rd Sternebra, MI=Manubrium index calculated as MW/ML�100, ML=Manubrium
sternebrae, T=Sternal body thickness.
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yielded a comparatively lower overall accuracy of 65.8% and a
sex bias of 6.8%.
In conclusion, the overall accuracy of sex estimation using

sternum in Jordanians varied from 63.2% in young adults, and
83.7% in middle-aged adults to 84.9% for older adults. Sternal
variables have limited forensic applicability in young adults and
the sternal area is the most accurate single variable for estimating
sex in young ages. However, in subjects aged more than 35years,
the equations derived from the discriminant function analysis are
reliable and can be used by forensic investigators as sex
estimators in Jordanians.
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