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Article info: ' ABSTRACT
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Accepted: 07 Jul. 2017 :  Background: Pelvic bone has important sex determining features. However, anthropometric

reference values vary by study population. This study aimed to determine the accuracy of
subpubic angle for sex determination and height estimation in Iranian adults.

Methods: In this study, the subpubic angle in the digital pelvic radiographs of 325 Iranian
adults (199 males and 126 females) and their standing heights were measured. Then, the
relation of subpubic angle with sex and stature was evaluated.

Results: The mean(SD) subpubic angle of the studied population was 116.3 (23.7) degrees.

Subpubic angle was significantly wider (P<0.001) in females [140.5(14.3) degrees] compared

¢ to males [101.0(13.3) degrees]. Moreover, we observed a significant decrease (P<0.001) in

Keywords: females’ subpubic angle with an increase in age. A significant reverse correlation (P<0.01) was

Forensic anthropology, Pubic also observed between the subpubic angle and height (1=0.416).

bone, Sex, Stature, Iranian Conclusion: This study showed that the mean subpubic angle in Iranian adults is different from
population i the average in other populations. Our reference values can be used in forensic identification.
1. Introduction fatality events [1-3]. In these situations, remained body

parts can be used for identification [4]. Since bones are
orensic human identification is often the the hardest and most durable structures of the body, they

first step in the process of victim identi- are commonly studied in forensic identification, sex de-
fication following natural disasters, air termination and height estimation [5, 6]. The most im-
crashes, murders, explosions and mass portant indexes are related to skull and pelvis with their
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important characteristics that makes them unique for sex
determination [7]. Under the influence of genetics and
environment, the body segments characteristics are dif-
ferent in various populations and also their dimensions
can be used for predicting the stature or sex. The statisti-
cal equations can find these relations which have drawn
the interest of scientist, artists, anthropologists, forensic
medicine specialists and anatomists. In this regard, pel-
vis was the first topic of interest for many years [4].

Population-specific skeletal characteristics develop in so-
cieties that had been isolated over the course of history. Sex-
specific features are inevitably clustered into these popu-
lations. Therefore, population- and sex-specific studies are
indispensable. Sporadic repositories of human skeletal ref-
erence values exists but they are only a snapshot of popula-
tion at an earlier time. Along with population migration and
better access to means of transportation, populations had
started to merge into each other. Therefore, the validity of
reference values should be periodically tested, because they
most probability have changed over time [8, 9].

Height can be formulated by the anthropological measure-
ments from the body segments [10-13]. The sex detection
was primarily performed by pelvic bone proportions [14-
16]. Forensic practitioners need anthropological standards
in their field of practice. These data can significantly con-
tribute to studies on population movement, too. These data
should be standardized for the $tudy population, so that
classification accuracy is assured [17, 18]. Pelvis has spe-
cific shape for its obstetrics functions and formation of the
birth canal, therefore, it is very valuable in sex determina-
tion [19]. One of the pelvis parameters that is valuable in
sex determination is the subpubic angle [20]. In the previ-
ous studies, conducted in United states [21, 22], England
[23], Uganda [24], Malawi [25], South Africa [26], Egypt
[27], and Nigeria [28, 29], significant differences in the sub-
pubic angle between males and females have been reported
with high accuracy for sex distinction. These studies also
showed the difference of subpubic angle in various popula-
tions. This study was designed to determine the accuracy of
subpubic angle for sex determination and height estimation
in Iranian adult population.

2. Materials and Methods
Study sample

This cross-sectional study was performed from Octo-
ber 2013 to September 2014. A total of 325 anteropos-
terior (AP) pelvic radiographs of Iranian adults (more
than 18 years) were selected by convenience sampling
method and then evaluated for sex determination and
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stature estimation. All radiographs were prepared from
Sina Hospital (affiliated to Tehran University of Medical
Sciences, Tehran, Iran). In this study, only the subjects
with radiographs of their pubic symphysis and inferior
margin of the pubis with the suitable alignment were
enrolled. The subjects with pelvic fractures, orthopedic
surgeries, congenital malformations, known musculo-
skeletal abnormalities and general bone diseases such as
rickets were excluded.

Measurements
Subpubic angle

Measurements were performed on standard digital AP
pelvic radiographs (under standard conditions with a dis-
tance of 100 cm between the film and the X-ray source).
The position of subjects was controlled during radiogra-
phy by a trained technician according to standards. Two
tangent lines were drawn on the inferior border of the pu-
bic rami and a point was demarcated in the inferior and
middle aspect of the interpubic disc (translucent areas in
radiographs). The angle made through the intersection of
these two lines on this point was measured by ISKPACS
software (Figure 1). To reduce the measurement error,
two experts did all measurements separately.

Stature measurement

Stature or standing height was also measured in stan-
dard position by accurate tape meter in cm. Standards
position has been defined as a distance between vertex
and floor when the subject is in standing barefooted po-
sition with looking forward eyes and head held in the
Frankfurt horizontal plane [30].

Technical error of measurement

Technical Error of Measurement (TEM) was evalu-
ated due to Dahlberg’s formula (Equation 1). According
to this equation, the measurements should be obtained
twice in one week interval. In this equation, D is differ-
ence between the first and second measurements and the
deviation between them and N is number of subjects.

Equation 1

20
2N

Statistical analysis

All data were analyzed by SPSS (version 22). Subjects
were divided into three age groups, namely, 18-34, 35-
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50 and above 50 years old. Descriptive data were shown
as frequency, percentage frequency, mean, and standard
deviation. For data analysis, ANOVA (with Tukey post
hoc test) and t test were employed. The linear regression
analysis method was used for stature estimation model
and logistic regression modelling was used for sex de-
termination model. The cut-off point with the sensitivity
and specificity was defined for each age group. P-values
less than 0.05 were considered as significant level.

3. Results

In this study, 325 AP radiographs of Iranian adults be-
longing to 126(38.76%) women and 199(61.23%) men
were studied. Their mean(SD) age was 44.27(22.83)
years. Subjects were divided into three age groups of
18-34, 35-50 and >51 years old. Mean(SD) subpubic
angle in the studied population was 116.3(23.7) degrees
and TEM was 0.0031 according to Dahlberg Equation.
Mean(SD) subpubic angle was 101.0(13.3) degrees in
males and 140.5(14.3) degrees in females and there
was a significant difference in the subpubic angle of sex
groups (P<0.001) (Table 1). In addition, according to
Table 2, there were significant differences in the subpu-
bic angle between the sexes in each age group.

Power of subpubic angle for sex determination in the
whole population and each age group was evaluated
(Table 3). According to Table 4, the cut-off points of
subpubic angle were defined for all subjects and age
groups. The subpubic angle of 117.4 degrees (with ac-
curacy of 87.2%) was estimated as a cut-off point of for
sex determination in the studied population. In the 18-
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34, 35-50 and above 50 age groups, the cut-off points
of 119.7 degrees (with the accuracy of 86.3%, Table 3),
113.7 degrees (with the accuracy of 86.4%, Table 3) and
114.9 degrees (with the accuracy of 68.8%, Table 3)
were estimated, respectively.

Using the logistic regression test, the following formu-
la was generated to predict the sex by subpubic angle:

Sex=(Subpubic angle in degrees %0.017)—1.568

If the yielded number is below 0.5, the sex is male
and if it is equal or above 0.5 the sex is female (accura-
cy=82%). The mean value of the subpubic angle between
age groups was not significantly different in the whole
group (P=0.489). Likewise, there was no significant dif-
ference in the subpubic angle measurements in males’
age groups (P=0.18) but this difference was significant
in females’ age groups (P<0.001), which means that the
subpubic angle was lower in the elder groups (Table 4).

Using the linear regression test, a significant reverse
correlation was found between the subpubic angle and the
height (r=0.416, P<0.01). This relation was observed in
18-34, 35-50 and above 50 years age groups with 0.435,
0.44 and 0.373 correlation coefficients, respectively. The
best correlation between stature and subpubic angle was
observed in the 35-50 age group. In the whole group, the
following formula was calculated for stature estimation
(R>=0.42):

Stature(cm)=[Subpubic angle in degrees* (-0.172)]
+ 188.601

Subpubic Angle

Figure 1: Subpubic angle measurement
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Table 1. Mean, standard deviation, standard error, maximum and minimum of the subpubic angle in the studied population

Sex Age Groups,y  Mean (Degree) SD SE Minimum Maximum 95% Cl P
18-34 101.8 14.2 1.38 55.4 140.6 99-104.5
35-50 98.1 12.3 1.7 73.6 127.7 94.7-101.5
Male 0.18
>51 102.7 11.8 1.86 77.5 136 98.9-106.4
Total 101.0 133 0.94 55.4 140.6 99.1-102.8
18-34 147.2 11.0 1.67 117.7 160.7 143.8-150.6
35-50 143.5 12.3 2.00 103.2 167.7 139.5-147.5
Female 0.0001
>51 132 14.6 1.16 101.5 160.3 127.6-136.3
Total 140.5 14.3 1.28 101.5 167.7 138.0-143.1

SD: Standard Deviation; SE: Standard Error; CI: Confidence Interval

4. Discussion

In the present study, subpubic angle was measured
in Iranian population and its differences between sex
groups and age groups were evaluated. In addition,
stature and sex were formulated according to the pubic
angle in Iranian population. The mean subpubic angle
in [ranian population was 116.3 degrees. This result was
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almost similar to the reported subpubic angle in Msamati
et al. [25] and Oladipo et al. studies [29, 31]. However,
the obtained subpubic angle in Iranian population was
different from Ugandan, American, South Africans, Brit-
ish, Egyptian, and African studies [24, 26, 29]. Since the
study design and measurements were similar, this differ-
ence could be due to ethnic, geographical and regional
differences (Table 5).

Table 2. Comparison of mean, standard deviation, standard error, maximum and minimum of the subpubic angle in each age

group and sex

Age Groups

(n) Sex Mean (Degree) SD SE Minimum Maximum 95% CI P
Male 101.8 14.2 1.38 55.4 140.6 99.0-104.5
18-34
(126) Female 147.2 11.0 1.69 117.7 160.7 143.8-150.6 <0.001
Total 114.7 24.5 2.01 55.4 160.7 110.7-118.7
Male 98.1 12.3 1.69 73.6 127.7 94.7-101.5
35-50
(102) Female 143.5 12.3 1.99 103.2 167.7 139.5-147.5 <0.001
Total 1171 25.6 2.68 73.6 167.7 111.7-122.4
Male 102.7 11.8 1.86 77.5 136.0 98.9-106.4
?957(; Female 132.0 14.6 2.16 101.5 160.3 127.6-136.3 <0.001
Total 118.3 19.8 2.14 77.5 160.3 114.1-122.6
Male 101.0 13.2 0.94 55.4 140.6 99.1-102.8
Total (325) Female 140.5 14.3 1.28 101.5 167.7 138.0-143.1 <0.001
Total 116.3 23.7 131 55.4 167.7 113.7-118.9

SD: Standard Deviation; SE: Standard Error; CI: Confidence Interval
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Table 3. Discrimination power of subpubic angle in each age group

Age Group, y Area SEM P 95% CI
18-34 0.993 0.005 <0.001 0.984-1.002
35-50 0.990 0.010 <0.001 0.970-1.009

Above 50 0.940 0.024 <0.001 0.892-0.987
Total 0.972 0.008 <0.001 0.956-0.988

SEM: Standard Error; CI: Confidence Interval

The mean subpubic angle in male subjects was 101.0
degrees that was similar to the findings of Msamati et
al. [25], Oladipo et al. [31] and Abd-el-Hameed et al.
[27] results. The mean of subpubic angle in females was
140.5 degrees similar to Abd-el-Hameed et al. results
[27]. This could also be due to ethnic, regional, geo-
graphical and age-related differences (Table 5).

As previous studies have shown, there were significant
differences between populations and even ethnicities
of black population but evidently the subpubic angle is
wider in black males and females [24, 29, 31]. Interest-
ingly, the subpubic angle in South African black popula-
tion is smaller compared to other black populations [26].

According to the results, subpubic angle could predict
the sex in Iranian population and its accuracy was high.
Based on previous studies, the subpubic angle was found
to be different between two sex groups. The accuracy of
subpubic angle in sex determination varies in different
studies [24-29]. This could be due to racial differences or
the methods of analysis. In the present study, the accuracy
of the subpubic angle was found to be 87%, which could
be favorably used in forensic identification (Table 5).

Karakas et al. (2013) could find a correlation of 0.99
between subpubic angle and sex. The study was conduct
on 66 male and 43 female of Anatolian Caucasians. The
reported accuracy was higher than 90% in this study.
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These investigators had a sensitivity of 88% and a speci-
ficity of 95% to detect female phenotype [32].

A very recent study on West Australian population
found that both transverse pelvic outlet and subpubic an-
gle can be accurately used in sex discrimination. These
researchers found an accuracy rate ranging from 81.2%
for ischial length to 100% for the complete pelvis. Al-
though this is the first report on the Western Australian
population, authors found that the pelvic bone can accu-
rately discriminate sex in this population [33].

In addition, a significant difference was observed in
female age groups. In females, the angle decreased sig-
nificantly with an increase in age. In addition, Nwoha
[34] and Oladipo et al. [29] reported this relation in
their studies that is probably due to racial, nutritional
and life-style differences. This result should be more
investigated in future. Also, the accuracy of subpubic
angel for sex determination decreases with an increase
in age, which should be notified in practice. According
to the literature, the relation between stature and subpu-
bic angle has not been investigated yet and should be
considered in other populations.

5. Conclusion

Based on the results, there was a significant rela-
tionship between subpubic angle and sex in Iranian

Table 4. Demarking point, sensitivity, specificity and accuracy in the studied population and each age group

Age Group, y Cut-Off Point (Degree) Sensitivity (%) Specificity (%) Accuracy (%)
18-34 119.65 98.2 89.1 86.3
35-50 113.65 97.2 89.6 86.4

Above 50 114.85 85.7 87.5 68.8
Total 117.40 93.5 89.4 87.2
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Table 5. Comparison of subpubic angle in each sex in different studies

MeanSD of SPA (Degree) Males Females
Authors, Country, Popu- Mean
pate fation Males Females (Pegree) (del? Accurac del? Accurac
(Degree) ¥ (Degree) ¥
[22] USA (Caucasian) <60 >90
[23] SREETENCEEES  on s 93.547.4
sians)
American (Indi- o 4,g 19 93.1+10.4 80.25
gene American)
[35]
White American 63.7£7.80 88.418.5 76.05
African American 65.818.70 85.2+8.5 98.21
[24] Ugandans Black 93.86+11.12 116.11+£17.79 104.98 <80.53 31.82 >136.10 10.53
[25] Malawians Black  99.16+15.73  129.07+14.19 98.21 <99.95 67.12 >130.62 63.02
[29] Nigerians Black 91.87+10.60 113.49+11.38 103.80 <92.33 56.57 >113.07 53.47
28] ljaws African 109.38+10 119.48+12.06 103.36 <95.36 78.95 >129.38 14.52
Igbos African 95.29+10.52 114.41+£12.06 114.43 <85.74 26.67 >116.04 52.73
[27] Egyptians African  102.31+12.5 143.28+15.82 122.79 <111.64 74 >127.31 86.5
(31] Ikwerres African  100.25+7.80 119.38+3 115.31
Kalabaris African ~ 105.63+3.88 125+3.17 109.82
White South 56 05,935 93.86+11.15 <8L4 86 >81.4 88
Africans
[26]
L 63.9+11.08  84.1#8.90 <74.87 86 >74.78 84
Africans
132] A”atogg;scauca' 65.9+7.2 82.817.7 72.5 <74 95.5 >74 83.7
Present . . " n
Study Iranian (Persians)  101.0+13.3 140.5+£14.3 116.31 <117.4 87 >117.4 87

COP: Cut-Off Point; SPA: Subpubic Angle.

population. Also, the subpubic angle accuracy was
high in predicting the sex in Iranian population.
Moreover, a significant reverse correlation was found
between the subpubic angle and height. However, the
reliability was in moderate level and can be helpful
in stature estimation along with other parameters. In
sum, subpubic angle could be favorably used in sex
determination of Iranian adult population. Further
studies are required to address the variations in dif-
ferent populations.
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