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ABSTRACT

ldentification of sex in human skeletal remains is an important component and frequently the starting

point of many forensic anthropological investigations. Skeletal biologists had recognized that each popu-
lation group requires its own specific standards for accurate determination of sex. The pelvis is probably
the most accurate bone from which sex can be determined. The subpubic angles show more definitive sex
difference indicating the presence of interpopulation variations. This study was carried out to document
regional and racial variability of these angles among Egyptians and comparing them with different popu-
lation groups previously documented. The subpubic angle was measured in the antero-posterior radio-
graphs of 400 adult Egyptians of known sex. The data was analysed using SPSS version 11 for statistical
analysis. The results showed that the angles for males ranged from 66 to 126 degrees with a mean = SD
(102.31 = 12.50) and for females from 96 to 191 degrees with a mean = SD (143.28 £15.82). The angles
were significantly wider in females than males (P < 0.05). Using the demarking point method, 74% of
Egyptian males and 86.5% of Egyptian females could be accurately sexed. In conclusion the subpubic
angle is an anthropological characteristic of the Egyptian population that could be considerably used for

sex determination with a high degree of accuracy.
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INTRODUCTION

Sex determination of unknown skeletal
material is one of the most vital determi-
nations made by forensic anthropologists
(Patriquin et al., 2005). It is widely recog-
nized that skeletal characteristics vary
among populations, thus each population
should have specific standards to optimize
the accuracy of identification (Iscan, 2005).
Numerous studies had focused on the
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differences, both osteometric and morpho-
logical, between the sexes of a particular
racial phenotype and population (Steyn
and Iscan, 1998).

Original attempts to determine the sex
were made for those bones of the pelvis
and the skull with the idea that they are
the best indicators of the gender. It is
thought that, to some extent, the shape of
the pelvis may correlate with that of the
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skull since the skull must pass through the
pelvis during the birth process (Iscan,
1983). The pelvis is probably the most ac-
curate bone from which sex is determined,
according to Krogman and Iscan (1986)
95% sexing accuracy can be expected if it
is complete. The subpubic angle, ventral
arc and composite arc showed correct sex-
ing in over 98% of cases (Duric et al.,
2005). This angle can be measured from
skeletal specimens, and radiological pel-
vimetry and studies have shown no signif-
icant differences between both methods of
measurement (Tague, 1989).

The literatures contain conclusive evi-
dence that significant metric and morpho-
logic biological differences exist among
the three major racial phenotypes, Cauca-
soid, Mongoloid and Negroid. Moreover,
a great deal of variation also exists at the
population level, necessitating group spe-
cific standards (Brace, 1995).

Egypt is unique geographically, as it is
located centrally to the three continents
of Africa, Europe and Asia. Throughout
history, the Greeks, Romans, Arabs,
Turks, French and British have all ruled
Egypt and mixed with its people, such
that modern Egypt now is an amalgam
of all these legacies. As regard to allelic
frequencies Egyptians resemble Cauca-
sians (Hamdy et al, 2002). Further re-
search is needed to develop population
specific osteological standards for Africa,
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central and south East Asia and Pacific re-
gion populations. In addition, there will
be an increased interest in the study of liv-
ing people (Iscan, 1998).

Because of the clear heterogeneity and
genetic admixture in the Egyptian popula-
tion, this study was done to develop
group specific standards of sex identifica-
tion for this population.

MATERIAL AND METHODS

The study investigated 400 antero-
posterior radiographs of the pelvis com-
prising 200 males and 200 females aged
from 17 to 80 years from the Department
of Urology-Assiut University hospital. The
radiographs were chosen normal, showed
no underlying bone disease or fracture,
and were taken for other urological diseas-
es, which did not affect the intact pelvic
bones. Furthermore, only radiographs
with complete alignment at the inferior
margins of the pubic bones at the pubic
symphysis were measured because deter-
mination of misalignment is best made at
the inferior margins (Lusted and Keats,
1978).

Each radiograph was placed on X-ray
film viewer, and the subpubic angle was
that formed by the inferior border of the 2
pubic bones joining the symphysis pubis.
A point was chosen at the inferior midline
of the interpubic disc (appears transparent
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in the film), and two tangential lines were
drawn at the inferior borders of the pubic
rami intersecting at an angle at the chosen
point. Protractor was placed over the in-
tersection of these two lines, and the infe-
rior angle measured (Fig. 1). Each angle
was measured twice by the same person
to ensure accuracy. The average of the two
measurements was used. Age and sex of
the subject together with the angles meas-
ured were recorded on the radiograph
jacket.

Statistical analysis:

The results were analyzed with SPSS
version 11, and compared with previous
studies in Ugandan population (Igbigbi
and Igbigbi, 2003), Malawians population
(Msamati et al., 2005), Amerindians popu-
lation, and black and white Americans
population (Igbigbi and Igbigbi, 2003).
Two-sample t tests were used to compare
each pair of studies for males and for fe-
males separately. Sidak's adjustment for
multiple comparisons was used. The dif-
ference is significant at 5% (*) and 1% (**)
levels respectively.

Sex was determined by using the de-
marking point method of Singh and Pottu-
ri (1978). This method involved calculat-
ing the maximum and minimum limits of
the range of the subpubic angle by using
the formula mean + 2 standard deviation
(SD). The demarking point for males was
the minimum calculated range for fe-
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males, while for females it was the maxi-
mum calculated range for males. Subpubic
angles below the male identification val-
ues identified as male pubic bones, while
those below the female identification val-
ues identified as of females.

To test the accuracy of the method 100
radiographs of the pelvis were randomly
selected with unknown sex not a part of
the original study. The subpubic angle
was measured in the same way and sex
was identified by applying the demarking
point which was concluded for the Egyp-
tians in this study.

RESULTS

Table (1) presents the range, mean, de-
marking point of subpubic angles and ac-
curacy rate % of sex identification in the
studied Egyptian sample.

The subpubic angles range from 66° to
126° in Egyptian males and from 96° to
191° in Egyptian females. The calculated
range (mean + 2 SD) of Egyptian males
and females is 77.31°- 127.31° and 111.64°-
174.92° respectively. Using the demarking
point calculated from the mean + 2 SD, sex
can be identified in the Egyptian popula-
tion. The Egyptian males can be identified
to have subpubic angles less than 111.64°
and the Egyptian females have subpubic
angles more than 127.31°. The accuracy
rate of sex determination is 74 % for deter-
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mination of males and 86.5% for determi-
nation of females.

Table (2) shows the mean of the subpu-
bic angles in both sexes of Egyptian popu-
lation. Females have wider angles than
males (143.28° + 15.82 and 102.31°+ 12.50
respectively). The subpubic angles show
significant differences between both sexes
(P < 0.05). The overall angle for the popu-
lation was 122.79°.

Table (3) presents the range, mean, de-
marking point and accuracy rate of subpu-
bic angles in Ugandans and Malawians
subjects previously studied with similar
methods (Igbigbi and Igbigbi, 2003; Msa-
mati et al., 2005)

The mean + SD values in Ugandan and
Malawians of males and females (93.86° +
21.12, 116.11°+ 17.79, 99.16° = 15.73 and
129.07°+ 14.19 respectively) were lower
than those of both sexes in Egyptians.
Ugandan and Malawians females had sig-
nificantly wider subpubic angles than
males (P < 0.05).

Using the demarking point calculated
from the mean + 2 SD, sex was identified
in the Ugandan population as males if the
subpubic angle was below 80.53° and as
female if above 136.10°. In Malawians
males had subpubic angle below 99.95°
and females above 130.62°. Sex could be

accurately assigned to 31.82 % in Ugan-
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dans males and 10.53 % of Ugandans fe-
males and 67.12% of Malawian males and
63.02 % of Malawian females were accu-
rately sexed.

Table (4) shows the mean of subpubic
angles in different population groups. The
race was assigned from the overall mean
for each racial group; Amerindians, Black
race (Ugandans, Malawians and black
Americans) and white Americans. The
overall mean of subpubic angles were
used for race determination as follows:
subpubic angles of more than 76.05° to
less than 80.25° indicated white Ameri-
cans, more than 80.25° to less than 98.21°
indicated Amerindians and more than
98.21° indicated black race.

Table (5) represents the racial variabil-
ity in Egyptians compared to other races
(Ugandans, Malawians, Amerindians and
white and black Americans). Comparing
the Egyptians, versus (vs.) other popula-
tions there are significant differences be-
tween the pairs both in males and females.

DISCUSSION

The accurate identification of sex and
race in human skeletal remains is pivotal
to forensic and physical anthropology
(Kerley, 1972; Brooks, 1975), especially be-
cause of the escalating crime rate, which
have became a worldwide phenomenon.
This accuracy requirement stresses the
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need to recognize new, cheap, and prob-
ably more accurate means of determining
sex and race when it is needed (Steyn et
al., 1997; Iscan, 1998).

Pelvic dimensions have been shown to
be important in forensic medicine; these
measurements display individual and ra-
cial differences, which have been found to
be greater in the inferior aperture than the
brim (Williams et al., 1989).

Comparing the mean + SD of subpubic
angles in Egyptian males and females re-
vealed the existence of high significant dif-
ference between both sexes (P < 0.0001).
The same had been observed in previous
studies on Ugandans (Igbigbi and Igbigbi,
2003), Malawians (Msamati et al., 2005),
Amerindians, white and black Americans
(Igbigbi and Igbigbi, 2003). Significant dif-
ferences in the subpubic angles were also
found to exist between the Egyptians com-
pared to all other races in both sexes (P <
0.05).

In the present study using the demark-
ing point method, sex could be assigned in
the Egyptians as males if the subpubic an-
gles are less than 111.64° with accuracy
rate of 74% and identified as females if the
angles are more than 127.31° with accura-
cy rate of 86.5%.

The accuracy rate for sex determination
among Egyptians is higher than that re-
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corded among Ugandans and Malawians
(31.82% for males, 10.53% for females,
67.12% for males and 63.02% for females
respectively) (Igbigbi and Igbigbi, 2003;
Msamati et al. 2005). Nwoha (1995) report-
ed that 93% of Nigerian females had sub-
pubic angle above 111.3 degrees and con-
cluded the relevance of the angle in sex
determination using the demarking point.

The race was assigned from the overall
subpubic angles of the population com-
paring Egyptians with  Amerindians,
white Americans (Igbigbi and Igbigbi,
2003) and black race [Ugandans (Igbigbi
and Igbigbi, 2003), Malawians (Msamati et
al., 2005), and black Americans (Igbigbi

and Igbigbi, 2003)].

Egyptians are identified by their subpu-
bic angles ranged from 98.25 to 122.79°.
The subpubic angles of more than 76.05 °
to less than 80.25° indicate white Ameri-
cans, more than 80.25° to less than 98.21°
indicate Amerindians and more than
98.21° indicate black race. In comparison
with other populations, as anticipated,
Egyptians are closest to the neighboring
population of black races.

The direction of size difference between
the races was consistent, with blacks hav-
ing wider subpubic angles than whites.
The presence of sexual, regional, and ra-
cial variability of the subpubic angles
could possibly be explained on genetic,
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dietary, and environmental factors (Tague,
1992).

Comparing the subpubic angles of both
sexes in the Egyptian population with oth-
er populations there was a high statistical
significant racial variability.

In this study only one parameter (sub-
pubic angle) was used with application of
demarking point method giving accuracy
rate of 74%- 86.5% for sex identification in
males and females respectively. Phenice
(1969) stated that attempts to sex an un-
known pelvis using one criterion alone
could determine sex in 70 % of cases,
while using several criteria could give 95%
accuracy. In the study done by Singh and
Potturi (1978) they found that application
of the demarking points of seven parame-
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ters of the hip bone also identified sex in
75 to 100% of the cases with 100% accura-

cy.

In conclusion the subpubic angle in
Egyptian population shows a high accu-
racy rate for sex determination with
high racial variability that allows its use
in medicolegal identification of sex and
race.
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Table (1) : The range, mean, demarking point and accuracy rate of subpubic angles in
Egyptian males and females.
Accuracy
Sex Range Mean = SD | Calculated range | Demarking rate of sex
(Mean £2 SD) point determinatio
n (%)
Males 66°-126° | 102.31+12.50 | 77.31°-127.31° <111.64° 74%
(n=200)
Females | 96°-191° | 143.28+ 15.82 | 111.64°-174.92° >127.31° 86.5%
(n=200)

Table (2) : Mean subpubic angles in Egyptian males and females.

Population Overall mean
sroup Sex MeanSD P value angle
Males
102.31°+ 12.50
(n=200) <0.0001%**
Egyptians 122.79°
Females
143.28 °£ 15.82
(n=200)
** Highly significant at P <0.001.
Mansoura |J. Forensic Med. Clin. Toxicol. Vol. XVII, No.1, Jan. 2009
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Table (3) : The range, mean, demarking point and accuracy rate of subpubic angles in
Ugandans and Malawians subjects previously studied with similar methods
(Igbigbi and Igbigbi, 2003; Msamati et al., 2005).

Calculated Accuracy
Population Sex Range MeanSD range Demarking | rate of sex
groups (Mean+2 SD) determinat
ion (%)
Ugandans Males 50°-140° | 93.86 £21.12 | 51.62°-136.10° 31.82 %
(Igbigbi and| (n=110)
Igbigbi, 2003)
Females | 75°-155° |116.11 +£17.79 | 80.53°-151.69° | >136.10 10.53 %
(n=95)
Malawians Males 66°-150° 99.16 £ 15.73 | 76.79°-130.62° 67.12%
(Msamati et| (n=73)
al., 2005)
Females | 86°-174° |129.07+14.19 | 99.95°-158.19° | >130.62 63.02%
(n=46)

Table (4) : Mean Subpubic Angles in different population groups.

Population groups Sex n Mean+=SD Overall mean

angle

Ugandans Males 110 93.86+21.12

(Igbigbi and Igbigbi, 2003) Females 95 116.11£17.79

Malawians Males 73 99.16+ 15.73 98.21°

(Msamati et al., 2005) Females 46 129.07+ 14.19 )

Black Americans Males 50 65.8+ 8.7

(Igbigbi and Igbigbi, 2003) Females 49 85.248.5

White Americans Males 50 63.7+ 7.8 76.05°

(Igbigbi and Igbigbi, 2003) Females 50 88.4+ 8.5 )

Amerindians Males 253 67.4+8.1 80.25°

(Igbigbi and Igbigbi, 2003) Females 212 93.1+10.4 )
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Table (5) : The racial variability in Egyptians compared to other races.

Pair of Studies Difference in t P
Mean
Males
Egyptians vs Ugandans -8.45 9.56 0.0000**
Egyptians vs Malawians -3.11 3.52 0.001**
Egyptians vs black Americans -36.51 41.31 0.0000%**
Egyptians vs white Americans -38.61 43.69 0.0000%**
Egyptians vs Amerindians -34.91 39.50 0.0000%**
Females
Egyptians vs black Ugandans -27.17 24.29 0.0000%**
Egyptians vs black Malawians -14.18 12.68 0.0000%**
Egyptians vs black Americans -58.08 51.92 0.0000%**
Egyptians vs white Americans -54.88 49.06 0.0000%**
Egyptians vs Amerindians -50.18 44.86 0.0000%**

Vs: versus
** Highly Significant P< 0.001
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a) In a male. b) In a female.

Fig. (1) : Anteroposterior radiograph of pelvis demonstrates the subpubic angle.
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