Determination of Sex Using Humeral Dimensions and
Radiographic Measurements of the Humerus in Egyptian
Population, Fayoum Governorate

Marwa Ali Mwaheb!, Eman Ali Ali Abd El-Meguid?, Mohammed Ahmed Moussa®,
Enas Mohammed Morsi !

!Department of Forensic Medicine and Clinical Toxicology, Faculty of medicine Fayoum University, Egypt,

’Department of Anatomy and Embryology, Faculty of Medicine, Fayoum University, 3 Department of Orthopedic,

Faculty of Medicine, Fayoum University

Abstract

Background: Sex determination of unidentified skeletal stays from crime scenes or uncovering destinations
is a significant part in the improvement of the natural profile in criminology and human science.

Aim of work: The purpose of this research was to determine if sexing of obscure grown-up human humerus
bones can be done by applying estimations of morphometric parameters produced by present investigation
on these bones of grown up humans of known sex. Also, it aimed to discover the best parameters for sex
determination.

Method: This study was conducted on 52 humeri of 28 males and 24 females and 98 radiographs of patients
(48 males and 50 females) from the population of Fayoum governorate in Egypt. Humeri bones used in this
study were collected from the Anatomy Department, Faculty of Medicine, Fayoum University.

Results: The study illustrated that no statistically significant differences with p-value >0.05 were found
between bone and X-ray findings as regards age and sex distribution. Also, no statistically significant
differences with p-value >0.05 were reported between both findings regarding other measures including
TDMS, UEB, VDH, and ad ML measures. On the other hand, statistically significant differences with
p-value <0.05 were reported between different genders regarding EP, TDMS, UEB, VDH, ML, and CT with
higher mean values noticed among males.

Conclusion: It is presumed that the distal humerus is a viable bone for sex estimation, even if the bone is in

a fragmentary state.
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Introduction

Sex determination is the initial phase in the
identification procedure of a person in legal assessment.
This phase is of a very high importance. Age, race,
and stature, when identified from the different human
remains, are among the few key parameters which
should be quickly determined and incorporated in the
organic profile. "2 Previous studies reported that the
humerus bone can be utilized in sex determination.

The sexing accuracy for various bones reported in
literature is 80-92% for cranium, 90% for skull and

mandible, 95-98% for pelvis and 80% for long bones.
G4 Larger limb bones may provide clear evidence of
sex particularly if other individuals of same race and of
both sexes are available for comparison. Marked sexual
dimorphism is exhibited by several bones and they are
suitable for sexing skeletons with high accuracy.®

Populations contrast in size and extent of human
bones; these differences influence the metric assessment
of sex(®. The degree of sexual varieties among Egyptians
has not been evaluated and no measurement guidelines
have been presented for the distal humerus bones.
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The humerus is one of the important long bones of
the skeleton because of its quality, even in a divided
state, in addition to being conceivable to be recuperated
in a measurable case. Old style osteometric methods
have been utilized to estimate the humerus length
from its sections *® and affirm the presence of sexual
dimorphism in this bone. @ 19 In anthropometric
examinations, the humerus is a tolerably-contemplated
bone. It has a fundamental job in sex distinguishing

proof, stature estimation, scientific examinations, etc.
(11)

This is the first study in the Egyptian governorate,
Fayoum, designed to assess the accuracy of sex
determination from the length of right and left humeri by
evaluating normal anatomy in adults to establish metric
standards for sex assessment from the X- ray radiographs
of the distal humerus in the population of Fayoum.

Methods

This study was conducted on 52 humeri of 28 males
and 24 females and 98 radiographs of patients (48 males
and 50 females) from the population of Fayoum. Humeri
bones used in this study were collected from the Anatomy
Department, Faculty of Medicine, Fayoum University.
These bones were selected in a dried and fully-
ossified state. The humeri having deformity atrophy or
pathological lesions were excluded from the study. The
age for both sexes included in this study ranged from 20
to 70 years. The present study was done on dry human
bones, so ethical issues were not raised. Radiographs
used in this study were taken from an anteroposterior
view and collected from a private radiology centre in
Fayoum. X-rays with deformities, fractures, recent
surgery, or bone tumours were excluded from this study.
The age range of patients whose X-rays were used in this
study was from 16 to 66 years.

Right and left humeri from bones @ 2 and

13)

radiographs were subjected to the following

measurements (in centimetres):

1. Maximum length (ML): Straight distance from
the most superior point on the head of the humerus to the
most inferior point on the trochlea.

2. Vertical diameter of the head (VDH): Direct
distance between the highest and the lowest point on the
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articular margin of the head measured.

3. Transverse diameter at the middle of the shaft
(TDMS): Distance between the medial and lateral
margins of the humeral shaft at the middle.

4. Upper epiphyseal breadth (UEB): Obtainable
distance between the medial-most point on the articular
surface of the head and the lateral-most point on the
greater tubercle.

5. Epicondylar breadth (EB): Distance between
the most lateral point on the lateral epicondyle and the
tip of medial epicondyle.

The maximum length of each humerus was measured
roughly using a metal ruler, while other measurements
were taken by digital caliper. The digital Vernier
caliper provides precision readings from 0.01 mm and
0.000500 through a clear liquid—crystal dis-play. D All
radiographic measurements were taken by a metal ruler

Results

Table (1) illustrated that there were no statistically
significant differences with p-value >0.05 between bone
and X-ray findings as regards age and sex distribution.
While in figure (1), it is demonstrated that there was
a statistically significant difference with P value <0.05
between X-ray and bone measurements as regards EP
with higher mean value observed among bones. On the
other hand, no statistically significant differences with
p-value >0.05 were reported between bone and X-ray
measurements as regards other measures such as TDMS,
UEB, VDH, and ad ML measures. Moreover, statistically
significant differences with p-value <0.05 were reported
in table (2) between different genders as regards EP,
TDMS, UEB, VDH, ML, and CT with higher mean
values noticed among males. No statistically significant
differences with p-value >0.05 were found between
bones and radiographs as regards other measures (such
as MT).

Moreover, statistically significant differences
with p-value <0.05 were reported between males
and females among the cases assessed by X-rays as
regards EP, TDMS, UEB, VDH, ML, and CT with
higher mean values noticed among males, while no
statistically significant differences with p-value >0.05

were reported between males and females among these
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cases as regards other measures (MT) as shown in Table
(3). Table (4) illustrated that there were statistically
significant differences with p-value <0.05 between
males and females among the cases assessed by bone
measurements as regards EP, TDMS, UEB, VDH, and
ML with higher mean values among males. In addition,
statistically significant differences with p-value <0.05
were reported between right and left sides among case
regarding TDMS, UEB, VDH, MT, and CT with higher
mean values noticed among the right side. On the other
hand, no statistically significant differences with p-value
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> 0.05 were found between the right and left sides as
regards other measures (EP and ML) as shown in table

).

Table (6) documented that there were statistically
significant differences with p-value <0.05 between the
right and left sides among cases assessed by X-rays as
regards TDMS, UEB, VDH, MT, and CT, with higher
mean values noticed among the right side. On the other
hand, no statistically significant differences with p-value
>0.05 were reported as regards other measurements
including EP and ML.

Table (1): Comparisons of demographic characters in different study groups.

Variabl X -ray Bone I Si
ariables (N=98) (N=52) p-value 1.
Age (years)
Mean /SD 39.5 16.3 41.8 17.8 0.4 NS
Sex
Male 48 49% 28 53.8%
0.6 NS
Female 50 51% 24 46.2%
40 31 31.63
30
20
|l 558 6.13
10 2.13 2.06
0 A
EP (cm) TDMS (cm) UEB (cm) VDH (cm) ML (cm)
M X-ray HBone

Figure (1): Comparisons of different variables in different study groups.
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Table (2): Comparisons of different variables in different gender.

Males Females
Variables (N=76) (N=74) p-value Sig.
Mean SD Mean SD
EP (cm) 6.06 0.56 5.48 0.43 <0.001 HS
TDMS (cm) 221 0.24 2 0.21 <0.001 HS
UEB (cm) 5.35 0.36 4.76 0.36 <0.001 HS
VDH (cm) 4.72 0.33 4.19 0.31 <0.001 HS
ML (cm) 32.23 1.86 30.20 1.69 <0.001 HS
MT (ml) 7.29 1.22 6.92 1.17 0.1 NS
CT (ml) 3.71 0.54 3.24 0.59 <0.001 HS
Table (3): Comparisons of different variables in different gender assessed by x-ray.
Males Females
Variables (N=48) (N=50) p-value Sig.
Mean SD Mean SD
EP (cm) 5.72 0.38 5.44 0.41 0.001 HS
TDMS (cm) 22 0.25 2.1 0.19 0.01 S
UEB (cm) 5.3 0.38 4.8 0.36 <0.001 HS
VDH (cm) 4.69 0.39 4.3 0.28 <0.001 HS
ML (cm) 31.6 1.6 30.4 1.5 <0.001 HS
MT (ml) 73 12 6.9 1.2 0.1 NS
CT (ml) 3.7 0.54 3.24 0.59 <0.001 HS
Table (4): Comparisons of different variables in different gender assessed on bone.
Males Females
Variables (N=28) (N=24) p-value Sig.
Mean SD Mean SD
EP (cm) 6.63 0.27 5.56 0.45 <0.001 HS
TDMS (cm) 2.23 0.21 1.85 0.15 <0.001 HS
UEB (cm) 5.5 0.24 4.6 0.31 <0.001 HS
VDH (cm) 4.77 0.16 4 0.30 <0.001 HS
ML (cm) 332 0.19 29.7 2 <0.001 HS
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Table (5): Comparisons of different variables in different sides.
Right Left
N=98 =52
Variables ( ) (N=52) p-value Sig.
Mean SD Mean SD
EP (cm) 5.7 0.55 5.9 0.62 0.1 NS
TDMS (cm) 2.2 0.25 2 0.21 <0.001 HS
UEB (cm) 5.1 0.42 49 0.51 0.004 HS
VDH (cm) 4.5 0.40 43 0.4 0.004 HS
ML (cm) 314 2.1 30.9 1.9 0.1 NS
MT (ml) 73 1.1 6.7 1.3 0.04 S
CT (ml) 3.6 0.6 32 0.58 0.02 S
Table (6): Comparisons of different variables in different sides assessed by x-ray.
Right Left
Variables (N=72) (N=26) p-value Sig.
Mean SD Mean SD
EP (cm) 5.55 0.41 5.67 0.45 0.2 NS
TDMS (cm) 2.18 0.23 1.98 0.17 <0.001 HS
UEB (cm) 5.13 0.39 4.8 0.43 0.001 HS
VDH (cm) 4.5 0.41 431 0.35 0.01 S
ML (cm) 31.2 1.8 30.6 1.4 0.1 NS
MT (ml) 7.3 1.1 6.7 1.3 0.04 S
CT (ml) 3.6 0.61 32 0.58 0.02 S
Discussion long bones such as the femur bone. 4

The estimations of long bones’ length are crucial
for evaluating an individual’s stature. These estimations
have an important role in medico-lawful examinations
for recognition of missing people. Because the humerus
is the longest, biggest, and most grounded (even in a
divided state) bone of the chest area, stature estimation
should be done from this bone without other appropriate

In this research, our results revealed that the mean
humeral length was of statistically significant difference
(p-value <0.05) between males and females among
cases assessed by X-rays as regards EP, TDMS, UEB,
VDH, ML, and CT where higher mean values were
noticed among males compared to females. This finding
agrees with the results of other studies in which all
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measurements were significantly higher in males than
females. Also, our findings are in conformity with the
findings reported by Singh (519,

This
significant differences between males and females

research also documented statistically
among the cases assessed by X-rays as regards EP,
TDMS, UEB, VDH, ML, and CT, with higher mean
values noticed among males. This is in agreement with
other researches 1% 17 that illustrated that the following
parameters: ML, VDH, circumference of the head,
transverse diameter at the middle of the shaft [TDMS],
TDUS, TDLS, upper shaft circumference, MSC, lower
shaft circumference, upper epiphyseal breadth, and EB
were inspected and statistically significant differences
were reported, with the mean values of these parameters

higher in males compared to females.1®

This study demonstrated that there were statistically
significant differences between right and left sides
among cases assessed by bone measurements as regards
TDMS, UEB, VDH, MT, and CT, with higher mean
values noticed among the right side. Also, statistically
significant differences were observed among cases
assessed by X-rays as regards TDMS, UEB, VDH, MT,
and CT, with higher mean values noticed among the
right side. These findings disagree with other studies
which reported no statistically significant differences
regarding all the investigated values in the comparison
carried out between the right and left humera.

Conclusion

the estimations of the humerus seem, by all
accounts, to be acceptable discriminators of sex right
now by stepwise and coordinate discriminant work
investigation.

Funding: No source of funding

References

1-  Kumaran MS, Bastia BK, Kumar L and Patel SH.
Correlation between fingerprint and lip print pattern
in Gujarati population. Med Legal Update. 2017,
17:217-21.

2-  Kamenov GD and Curtis JH. Using carbon, oxygen,
strontium, and lead isotopes in modern human
teeth for forensic investigations: a critical overview
based on data from Bulgaria. J Forensic Sci . 2017,

Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4

4029.13462.

3-  Kranioti EF and Michalodimitrakis M. Sexual
dimorphism of the humerus in contemporary
Cretans: a population-specific study and a review
of the literature. J Forensic Sci. 2009; 54:996-1000.

4-  Gongalves D, Thompson TJ and Cunha E. Sexual
dimorphism of the lateral angle of the internal
auditory canal and its potential for sex estimation
of burned human skeletal remains. Int J Legal
Med.2015; 129:1183-6.

5- Bhaskar B. and M. A. Doshi (): Sex determination
from adult human humerus by discriminant
function analysis, International Journal of Research
in Medical Science. 2017; 5(9):3891-3897

5- lIscan MY, Loth SR, King CA, Shihai D and
Yoshino M. Sexual dimorphism in the humerus:
A comparative analysis of Chinese, Japanese
and Thais. Forensic Science International. 1998;
98(1):17-29.

6- Chandra NS and Nath S. Estimation of humeral
length from a single fragmentary bone measure. J
Indian Acad Forensic Sci.1984; 23:11-4.

7- Udhaya K, Sarala DKV and Sridhar J. Regression
equation for estimation of length of humerus from
its segments: a south Indian population study. J
Clin Diagn Res.2011; 5:783-6.

8- Albanese J, Cardoso HFV and Saunders SR. Universal
methodology for developing univariate sample-
specific sex determination methods: an example
using the epicondylar breadth of the humerus. J
Arch Sci.2005; 32:143-52.

9- Steyn M and Iscan MY. (): Osteometric variation in
the humerus: sexual dimorphism in South Africans.
Forensic Sci Int.1999; 106:77-85.

10- Prateek G, Shalini G, Anupama M and Chakravarthi
KK . Estimation of height using length of humerus
in adult North Indian population—an anthropometric
study. Int J Sci Res.2012; 2:1-3.

11. Ali DM and Elbaky FA. Sex identification and
reconstruction of length of humerus from its
fragments: an Egyptian study. Egypt J Forensic
Sci.2016; 6:48-55.

12. Ogedengbe OO, Ajayi SA, Komolafe OA, Zaw AK,
Naidu ECS and Okpara Azu O. Sex determination
using humeral dimensions in a sample from

KwaZulu-Natal: an osteometric study. Anat Cell
Biol. 2017; 50(3):180-186.



13.

14.

Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4

Shehri FA and Soliman KE. (): Determination
of sex from radiographic measurements of the
humerus by discriminant function analysis in Saudi

population, Qassim region, KSA. Forensic Sci
Int.2015; 253:138.

Ross AH and Konigsberg LW. New formulae for
estimating stature in the Balkans. J Forensic Sci.
2002; 47:165-7.

15. S. Singh and S.P. Singh.Identification of sex from

the humerus, Indian J. Med. Res. 1972; 60 (7): pp
1061-1066.

16-D. Atamtu” rk, A. Akc,al, I. Duyar and N. Mas. Sex

estimation from the radiographic measurements of

17.

18.

3131

the humerus, Eurasian J. Anthropol. 2010; 1 (2):
99-108.

Iscan MY, Loth SR, King CA, Shihai D and
Yoshino M. (): Sexual dimorphism in the humerus:
a comparative analysis of Chinese, Japanese and
Thais. Forensic Sci Int, 1998 ; 98:17-29.

Patil G, Kolagi S and Ramadurg U. Sexual

dimorphism in the humerus: south Indians. J Clin
Diagn Res. 2011; 5:538-41.

19. Aboul-Hagag KE, Mohamed SA, Hilal MA and

Mohamed EA. Determination of sex from hand
dimensions and index/ring finger length ratio in
Upper Egyptians. Egypt J Forensic Sci .2011; 1:80-
6.



