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Accepted: 11 Aug. 2017 :  Background: Some skeletal criteria especially for bones of lower limbs are considerably

different between men and women that may help in identifying the gender. We studied two
lower limbs parameters, i.e. bicondylar width and vertical diameter of the femoral head based
on radiographic assessment in gender identification.

Methods: Bicondylar width and vertical diameter of the femoral head of 280 radiographs
taken from people aged 30 to 75 years were measured. Additionally, gender and age
subgroups were recorded and added to the measured anthropometric parameters in the
checklist of the study.

Results: The mean width of both left and right bicondylar bones as well as vertical
diameter of both left and right femoral heads were significantly different between men
and women. Considering two parameters of bicondylar width and vertical diameter
of femoral head, the measurements could differentiate gender, with 96.7% sensitivity,
72.2% specificity, and 96.0% accuracy.

Keywords: i Conclusion: By measuring bicondylar width and vertical diameter of the femur head, it is
Anthropology, Gender, Femur i possible to determine gender with a high discriminative capability.

1. Introduction tion of residual bone and also assessment of its anatomi-

cal and pathological abnormalities [2]. In personal iden-

he identification is an essential component tification studies, gender identification is one of the most

of cadaver examination [1]. In case of soft important steps. One of the known problems in forensic

tissue destruction, the identification and medicine is gender identification based on skeleton or its

diagnosis can be based solely on examina-
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remnants that needs various specialties such as anatomy,
radiology, archeology, and even dentistry [3].

So far, various bones have been used to determine the
gender. While putrefaction and mass disasters make
identification and gender determination of cadavers
impossible in legal medicine centers, bone remnants
still are useful in gender identification [4]. Because of
disaster-prone condition of Iran, forensic medicine usu-
ally challenges with the fragmented skeletal components
and the determination of both gender and anthropomet-
ric parameters can effectively help in identifying human
identity [5]. However, some skeletal criteria especially
for the bones of lower limbs are considerably different
between men and women that may help in identifying
the gender [6]. On the other hand, anthropometric pa-
rameters are frequently specific for each geographical
place and ethnic group and thus preparing specific guide-
line and chart to determine human identity in each region
seems necessary [7, 8]. This study aimed to value two
lower limbs parameters, i.e. bicondylar width and verti-
cal diameter of the femoral head based on radiographic
assessment in gender identification.

2. Materials and Methods

In this cross-sectional study, bicondylar width and verti-
cal diameter of the femoral head of 280 radiographs from
subjects, aged 30 to 75 years, were studied. The study
was conducted at Rasoul-e-Akram Hospital between
2014 and 2015. All subjects were resident in Tehran that
were selected by convenience sampling methods and cat-
egorized at four age subgroups; 30 to 39 years, 40 to 49
years, 50 to 59 years, and 60 to 69 years. Considering the
carcinogenic effects and risks of radiation with X-rays
and due to ethical issue, the graphs of patients who under-
went X-rays for other diagnostic indications, were used.

The exclusion criteria comprised gender uncertainty,
age less than 18 years, poor quality of X-ray images
(frequently because of rotation), the presence of fracture
or prosthesis in assessed bone, and the presence of each
pathological evidence in the bone. Regarding vertical
diameter of the femoral head measurement, in total, 140
images were obtained that 70 were specified to men and
70 were specified to women. Also, 140 images were also
obtained from 70 men and 70 women (35 in the left-sided
and 35 in the right-sided). The measurements of 5 cm, and
92 cm in routine object film and focal-film, respectively,
were used for taking films from the anteroposterior view.

All measurements were conducted by DiVision Lite
Marco Imaging software, as they have been brought into
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an original size by the software. The required informa-
tion about the bicondylar width and vertical diameter of
the femoral head were assessed by Ruler Syngo soft-
ware. Measurements and the results were presented in
mm. The vertical diameter of femoral head was mea-
sured as the straight distance between the highest to the
lowest point of the femoral head at the right angle to the
long axis of the femur neck (Figure 1) and was mea-
sured as the maximum distance across the condyles in
the transverse plane (Figure 2). Additionally, gender and
age subgroups were recorded and added to the measured
anthropometric parameters in the study checklist.

Mean and standard deviation values for quantitative
variables were calculated and categorical variables were
summarized and represented by absolute frequencies and
percentages. The normality of the study data was checked
by Kolmogorov-Smirnoff test. The categorical variables
were compared using the Chi-square or Fisher exact test,
when more than 20% of cells were observed with the
expected count of less than 5. The quantitative variables
were also compared with Mann-Whitney U or t test.

Evaluation of the different measured lower limb pa-
rameters for gender identification was performed using
ROC curve. In this regard, by calculating area under the
ROC curve (AUC), the value of bicondylar width and
vertical diameter of the femur head, to discriminate male
from female genders, was examined; then the best cutoff
point for these parameters were specified; resulted in the
optimized sensitivity and specificity. Higher AUC indi-
cates stronger discriminative power of the femur dimen-
sions in sex determining. In this analysis, true positive
was defined as the variable classified the radiograph to
be of a male and the individual was actually a male; true
negative was defined as the variable classified the radio-
graph to be of a female and the individual was actually
a female; false positive was defined as the variable clas-
sified the radiograph to be of a male and the individual
was actually a female; and false negative was defined
as the variable classified the radiograph to be of a fe-
male and the individual was actually a male. In addition,
the sensitivity was defined as the ratio of true positive
to the sum of true positive and false negative. Also, the
specificity was calculated as the ratio of true negative to
true negative and false positive. For statistical analyses,
SPSS 22.0 (SPSS Inc., Chicago, IL) was used. P values

of 0.05 or less were considered statistically significant.

3. Results

In assessment, the mean(SD) age of the cases was
43.61(12.50) years (range: 30—72 years) with no dif-
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ference in mean(SD) age between men and women
[42.24 (12.36) years versus 44.98(12.58) years,
P=0.19]. Half of the cases (51.4%) were in the age
range of 30 to 39 years, while only 2.8% were be-
tween 70 and 79 years. The mean(SD) width of right
bicondylar bone was 86.45(6.99) mm (range: 78-99
mm) in men and 78.12(6.45) mm (range: 65.8-91
mm) in women with a significant difference (P<0.001)
(Table 1). Similarly, the mean width of left bicondy-
lar bone was 86.45(6.50) mm (range: 78.1-99 mm)
in men and 77.94(4.54) mm (range: 72.3-89 mm) in
women with a significant difference (P<0.001) (Table
1). The area under the ROC analysis could show that
the measurement of both right (AUC=0.802, 95%CI:
0.700-0.905, P<0.001) and left (AUC=0.871, 95%CI:
0.792-0.951, P<0.001) could effectively discriminate
genders (Figures 3 and 4). In this regard, the cutoff val-
ue of 81.3 mm for right yielded a sensitivity of 68.6%
and a specificity of 68.6% to discriminate male from
female genders. Also, the cutoff point of 81.5 mm for
left obtained a sensitivity of 74.3% and a specificity
of 74.3% to discriminate two genders. Regardless of
the side of the bone, the best cutoff value to differenti-
ate male from female genders was 78.5 mm yielding a
sensitivity of 72.9% and a specificity of 72.9%.
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In assessment of vertical diameter of the femur head,
the mean(SD) age of the cases was 47.38(11.86) years
(range: 30-73 years) with no difference in mean(SD)
age between men and women [45.60(12.37) years
versus 49.14(11.15) years, P=0.19]. About one-third
of the cases (35.0%) were in the age range of 30-39
years, while only 2.9% were 70 to 79 years old. The
mean(SD) vertical diameter of the right femoral head
was 51.02(3.46) mm (range: 43—58.5 mm) in men and
44.63(2.33) mm (ranged from 41.6 to 53.4 mm) in
women with a significant difference (P<0.001). Simi-
larly, the mean vertical diameter of the left femoral head
was 51.21(4.14) mm (range: 43.3-59.4 mm) in men and
44.67(3.40) mm (range: 35.5-52.7 mm) in women with
a significant difference (P<0.001). The area under the
ROC analysis could show that the measurement of both
vertical diameter of right femoral head (AUC=0.917,
95%CI: 0.872-0.961, P<0.001) and left femoral head
(AUC=0.914, 95%CI: 0.869-0.960, P<0.001) could ef-
fectively discriminate genders (Figures 5 and 6). In this
regard, the cutoft value of 43.6 mm for vertical diameter
of right femoral head yielded a sensitivity of 91.3% and
a specificity of 75.7%. Also, the cutoff point of 46.7 mm
for vertical diameter of left femoral head obtained a sen-
sitivity of 91.3% and a specificity of 70.0%.

Table 1. Measurement of the vertical diameter and bicondylar width of femur head (mm)

Parameter Side Gender Mean SD Min Max P
Male 51.02 3.46 43 58.5
Right <0.001
. . Female 44.63 2.33 41.6 534
Vertical diameter
of femoral head Male 51.21 4.14 59.40 43.30
Left <0.001
Female 46.67 3.40 35.50 52.70
Male 86.45 6.99 78 99
Right <0.001
F | 78.12 4 d 1
Bicondylar width emaie 8 645 65.80 9
of femur Male 86.45 6.50 78.10 99
Left <0.001
Female 77.94 4.54 72.30 89
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Table 2. Measurements of sensitivity and specificity, accuracy using both methods in sex determination

Index Cut-Off Point (mm)  Sensitivity (%) Specificity (%) Accurac (%) P
Vertical diameter of 46.4 91.3 71 96 <0.001
femoral head
Bicond}(lar width of 785 72.9 729 96 <0.001
emur
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Figure 1. Measurement of bicondylar width of femur

Regardless of the side of the bone, the best cutoff val-
ue for vertical diameter of femoral head to differentiate
male from female genders was 46.4 mm yielding a sen-
sitivity of 91.3% and a specificity of 71.0% (Table 2). In
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Figure 3. Area under the ROC analysis to determine value of
right of femur to discriminate gender
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Figure 5. Area under the ROC analysis to determine value of right
vertical diameter of right femoral head to discriminate gender
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Figure 2. Measurement of vertical diameter of the femur head

total, by considering two parameters of bicondylar width
and vertical diameter of femur head, gender differentia-
tion is possible with 96.7% sensitivity, 72.2% specificity,
and 96.0% accuracy.

Roc Curve
T

-

I

1.0

Sensitiviy
o o
)] o]

©
>

o
)

0.0 r r T T
0.0 0.2 0.4 0.6 0.8 1.0

1- Specificity
International Journal of
Medical Toxicology & Forensic Medicine

Figure 4. Area under the ROC analysis to determine value of
left to discriminate gender
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Figure 6. Area under the ROC analysis to determine value of left
vertical diameter of right femoral head to discriminate gender
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4. Discussion

Based on our $tudy results, both bicondylar width and verti-
cal diameter of femur head as the main parameters of lower
extremities can be effectively used for gender determination.
However, by considering two parameters simultaneously,
determining gender can be more accurate. Because of the
potential effects of geographical and ethnic characteristics on
the anthropometric parameters of lower extremities, deter-
mining the reliable indices of extremities to estimate gender
in each population is very important in forensic medicine,
especially on cadavers and remained limbs. In this regard,
we showed that the measurement of both indices with the
yielded cutoff values can discriminate gender with accept-
able sensitivity and specificity.

The assessment of these parameters is not only helpful to
discriminate gender, but also for the design of joint and inter-
nal fixation materials in the limbs. Studies have demonstrated
that there are differences between osteometric parameters of
the femur among genders; for example, femoral intercon-
dylar notch width and vertical diameter of the femur head
[9-11]. However, the most frequently measured anatomic
parameter of the distal femur is the bicondylar width of the
femur. However, studies have a great variation on the defi-
nition of measuring points, in the measurement techniques
and the type of sample that resulted in different measurement
parameters on gender discrimination [12-14].

We measured the vertical diameter of the femur head for
gender identification because we believe that this parameter
is more reliable than other parameters for discriminating
genders. In this study, the highest to the lowest point of the
femoral head was measured at right angle to the long axis
of the femoral neck that is in accordance with the standard
definition [15].

Our measurements on vertical diameter of the femoral
head are comparable with the previous surveys on different
populations. Purkait et al. study [16] on Indian population
indicated maximum vertical and horizontal diameter as
the best discriminators (each attained 92.1% accuracy). In
Clavero et al. study [17] on Spanish people, the prediction
equation obtained using 9 variables of the femur and hip
bone using a sample of CT images correctly classified 99.1
% of individuals.

Findings of Clavero study indicated that determining femo-
ral head diameters can be highly effective for sex prediction.
In Mitra et al. study in Iran [ 18], the mean values of the right
and left maximum femoral head diameters and the minimum
width of the femoral neck were significantly higher in men
than in women. The accuracy of sex prediction with the right
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and left maximum femoral head diameters was 78%. Then,
they concluded that with availability of only the proximal
part of the femur, the sex can be identified with a relatively
high accuracy via taking a radiograph. In a study on Mala-
wian people [19], a significant difference was found in the
mean diameter of femoral heads between genders which was
reported greater in males.

In a study on South African whites and blacks [20], the
identification point and demarking point (Identification and
demarking points have been taken from the diameters of the
head of the femur) were found in both white and black South
Africans. The mean head diameter of the male femur was sig-
nificantly greater than the mean head diameter of the female
femur in both population groups.

To determine the sex differentiation ability of the femur,
different measurements have been performed by anatomists
who finally found that the head diameter and width of the
lower end discriminate better than any other part of the bone
[6-10]. Moreover, it was found that dimension of femoral
head differs regarding race, heredity, climate, and other geo-
graphical factors. Therefore, every population has their own
metric standards [21-25].

We also found that the maximum distance across the
condyles in the transverse plane has powerful ability for
identifying gender. The similar results have been obtained
in other related studies. According to Vrooijink et al. [26],
significant differences exist between male and female sub-
jects regarding medial condyle width and lateral condyle
width. Another study by Terzidis et al. [27] revealed that
sex identity can be determined with the difference in (men
had a significantly greater width than women); Also, Ja-
cob et al. obtained similar results; their study confirmed
that it is a good indicator of sexual dimorphism. On the
whole, the parameters of femur bicondylar width and ver-
tical diameter of femur head, separately or together can
discriminate gender in our population; however, because
of the multiethnic nature of our population, further studies

considering different ethnic groups seems necessary.

5. Conclusion
By measurement of femur and vertical diameter of
the femoral head, it is possible to determine gender

with a high accuracy.
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