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ABSTRACT

Sex estimation is considered one of the first steps in the forensic identification process.
Morphological and morphometrical differences between males and females have been
used as means for morphoscopic and metric methods on both cranial and postcranial
skeletal elements. When dry skeletal elements are not available, virtual data can be used
as a substitute. The present research explores 3-dimensional (3D) scans from a Turkish
population to test a sex estimation method developed by Purkait (2005). Overall, 296
individuals were used in this study (158 males and 138 females). Purkait’s triangle
parameters were measured on computed tomography (CT) scans obtained from both
right and left femora of each patient at the Bakirkoy Dr. Sadi Konuk Training Research
Hospital (Istanbul, Turkey). Intra- and inter-observer errors were assessed for all variables
through technical error of measurements analysis. Bilateral asymmetry and sex differences
were evaluated using parametric and non-parametric statistical approaches. Univariate
and multivariate discriminant function analyses were then conducted. Observer errors
demonstrated an overall agreement within and between experts, as indicated by technical
error of measurement (TEM) results. No bilateral asymmetries were reported, and all
parameters demonstrated a statistically significant difference between males and females.
Fourteen discriminant models were generated by applying single and combined parameters,
producing a total correct sex classification ranging from 78.4% to 92.6%. In addition, over
67% of the total sample was accurately classified, with 95% or greater posterior probabilities.
Our study demonstrates the feasibility of 3D sex estimation using Purkait’s triangle on
a Turkish population, with accuracy rates comparable to those reported in other
populations. This is the first attempt to apply this method on virtual data and although
further validation and standardisation are recommended for its application on dry bone,
this research constitutes a significant contribution to the development of population-specific
standards when only virtual data are available.
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KEY POINTS

• CT analysis using Purkait’s triangle is a suitable tool for assessment of sex in
unidentified individuals.
• The best overall estimation rate was achieved with the F11 model, with around 92%
of accuracy.
• The results suggested 78.4% to 92.6% correct sex identification rates.
• More research is needed to expand the sample set and verify the results.

Introduction
The forensic identification process requires relevant
information to be gathered from skeletal remains to
construct the biological profile of an unknown individual in a medicolegal context [1]. The recording of
biological markers supports the categorisation of the
unidentified subject into specific groups that account
for basic information such as sex, age-at-death, ancestry, and stature. Positive identification of a specific
individual entails a process consisting of comparing
CONTACT Oguzhan Ekizoglu

specific anatomical features with antemortem records
with a thorough evaluation of the observations and
evidence obtained by the expert [2].
The forensic anthropologist works with skeletonised or partially skeletonised remains to generate
a biological profile aiming to assist with positive identification of the unknown individual. Commonly, one
of the first steps in the identification routine is sex
estimation. Correct sex estimation excludes about half
of the general population, making it an imperative
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step for applying other means of identification that
require knowledge of the individual’s sex [3, 4].
The foundations of forensic sex estimation
methods are based on a phenomenon known as
sexual dimorphism, the morphological and metric
differences between males and females of the same
species. Those specific sexual variations can be used
as a means of differentiation between the sexes [5].
Metric differences using cranial, dental, and
postcranial skeletal elements have been used to
investigate sexual dimorphism in modern humans
through the development of forensic anthropology
sex estimation methods [6, 7]. The accuracy of
classification depends on the statistical analysis
performed, the population of interest, and the bone
used for analysis [8]. The cranial and pelvic bones
are the most observed skeletal elements. Yet, the
femur has also gathered much attention because of
its robust nature and high rate of preservation from
taphonomic alterations. Moreover, if fragmented,
different segments of the femur can be easily
identified if anatomical landmarks are present,
reconstructed, and used for sex estimation. This
results in various levels of accuracy as shown by
previous studies examining different femoral segments
and different populations [9, 10].
In 2005, Purkait developed a sex estimation
method based on a population from Central India
using the proximal segment of dry femoral bones
[11]. This highly robust bone area is the weightbearing
point for the upper body and is expected to be larger
in males compared with the relatively lighter axial
skeletal weight of females. Other authors have tested
and investigated Purkait’s method on Spanish, Greek,
European, and African American samples to develop
population-specific standards and validate the
reliability of the technique [12–14]. Some studies have
even applied a variation of the method to femoral
radiographs, reporting very satisfactory results
[15, 16].
Interpopulation variation for Purkait’s triangle has
been reported [12], setting a precedent for further
exploration of applying it for sex estimation. Here,
we applied this method to a modern Turkish sample,
making this the fifth study to use Purkait’s triangle
and the first one to utilize virtual data. This work
provides a new population-specific method to estimate
sex in Turkish individuals by applying Purkait’s
triangle, allowing the practitioner to consider its use
if the specific case is suspected to have close proximity
to the population under study.

Materials and methods
Subjects
The sample consisted of computed tomography (CT)
scan images collected from patients who consulted

the Bakirkoy Dr. Sadi Konuk Training Research
Hospital’s clinics (Istanbul, Turkey) between 30 April
and 30 July 2015. Multidetector computed tomography
(MDCT) scans of 322 individuals who were admitted
to the hospital with pelvic diseases were assessed.
All participants were required to be at least 18 years
of age and have no indication of any pathological
condition, deformation, previous surgery, or condition
that could affect the normal anatomy of the proximal
femur. Thus, 22 patients with pelvic trauma, one
patient with congenital deformities, and three patients
with acute pelvic deformities, such as avascular
necrosis of the femoral head, were excluded. Lower
abdominal and pelvic CT images were assessed
retrospectively, and all medical documents and
patient age and sex were obtained from the hospital
data processing centre. Ethics and protocol approval
for this study was granted by the Hospital Clinical
Research Ethics Committee of Bakirkoy Sadi Konuk
Training and Research (19 February 2016).
Image acquisition
MDCT examination was obtained using a 40-row
MDCT scanner (Siemens Medical Solution, Erlanger,
Germany). A routine pelvic and abdomen CT protocol was followed with 1 mm slice thickness in the
supine position. Tube voltage was 120 kV and effective
mAs were varied according to CARE Dose4D
(Siemens Medical Solution). All images were transferred to a commercially available workstation and
row data were reconstructed using bone algorithms.
Three-dimensional (3D) reconstructions of the femo
ral proximal diaphysis for data collection were
obtained with the Synapse PACS System (Fujifilm
Medical Systems, Lexington, MA, USA). Observers
used a manual segmentation method. Age, sex, and
all other patient information were concealed from
the observers using the “hide data” feature of the
software. They were also blind to the patients’ sex
and age during data collection.
Collection of metric data
The parameters defined by Purkait were collected to
the nearest millimetre from the right and left virtual
femora following the descriptions included in the
original method [11]. Purkait’s triangle is defined by
three landmarks on the proximal femur. Point A is
the most lateral projecting landmark of the articular
facet on the femoral head, point B corresponds to
the most medially projecting point of the greater
trochanter, and point C is the most posteromedial
point of lesser trochanter. For detecting point A, we
used the 3D software of the Synapse PACS System,
which allows the user to cut the 3D reconstructed
images to discard the acetabular roof and accurately
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observe the lateral projecting point of the femoral
head. Following this protocol, the lengths of lines
AB, BC, and AC were measured (Figure 1).
Statistical analysis
Observer errors were calculated through technical
error of measurement (TEM) analysis to explore the
reproducibility and reliability of the method on 20
cases randomly selected from the database [17].
Intra-observer error was performed within a 2-month
interval. Both observers were highly experienced
with the use and manipulation of CT scans for musculoskeletal radiology and forensic anthropology
methods. Observers were supported by an experienced forensic pathologist at all stages.
The data were examined for normality using the
Shapiro-Wilk test, skewness, and kurtosis values,
and graphical representations such as histograms,
box plots, and Q-Q plots. Descriptive statistics were
calculated for males, females, and total sample. Right
and left femoral measurements were explored to
assess whether bilateral asymmetry was present.
Statistically significant differences between right and
left sides were examined through parametric or
non-parametric approaches, depending on compliance with test assumptions. Differences between
sexes were assessed to examine whether sexual
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dimorphism exists between the proximal femoral
parameters using the Mann-Whitney U test. The
Sexual Dimorphism Index (SDI) for each parameter
was calculated according to Ricklan and Tobias [18]
following the following formula: ((Male mean –
Female mean)/Male mean)× 100.
Discriminant function (DF) analysis is a multivariate statistical procedure that allows for making
distinctions between groups and generating models
that can predict group membership based on a single continuous independent variable or set of continuous independent variables. The classification
procedure consists of each case being assigned a
discriminant score that is compared with the sectioning point generated for that specific model
[19–21]. Both original and cross-validated classification accuracies, the number of individuals, and
percentage of correct group membership were provided to evaluate the predictive power and fit of
the generated models [20]. Posterior probabilities
for the correctly classified cases were calculated and
the overall percentage of correct classification for
males, females, and total samples for each generated
model were reported [22].
Firstly, the assumptions for DF analysis were veri
fied to determine if the data were suitable for using
this statistical approach [23]. Once the assumptions
were met, we generated univariate DF sex prediction
equations. Secondly, multivariate DF analysis was
performed to examine all possible combinations of
variables. Different sets of variables were manually
entered to meet the possible scenarios in which
either the right or left femur was present, and all
landmarks were intact. Thirdly, DF formulae were
developed for the hypothetical scenario for which
different states of preservation were considered, such
as some of the landmarks (A, B and/or C) not being
available. Lastly, a stepwise DF approach using the
default F values (F to enter = 3.84, F to remove =
2.71) was applied to automatically select the best
combination from all parameters. For all generated
models, the “leave one out” classification procedure
was applied to understand the stability of the DF
models through cross-validation [23]. Data were
subjected to statistical analysis using IBM SPSS 24
(Armonk, NY, USA).

Results

Figure 1. Purkait’s triangle landmarks taken from a CT-scans
sample. Point A: The most lateral projecting landmark of the
articular facet on the femoral head, Point B: Corresponds to
the most medially projecting point of the greater trochanter,
and Point C: The most posteromedial point of lesser
trochanter.

The final sample set contained 296 adult individuals
with a mean age of 46.79 years (SD = 18.27). This
included a total of 158 males and 138 females with
mean ages of 46.53 years (SD = 17.38) and 47.09
years (SD = 19.29), respectively, from which both
right and left femoral measurements were collected.
A total of 592 measurements were performed.
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Observer error results assessed through TEM
analysis are presented in Table 1. The variance of
error reported within the same observer indicates
high reliability of the parameters, with rTEM under
the 5% level of acceptance and R indicating 1%–8%
of error attributed to measurement error.
Inter-observer errors were slightly higher than
intra-observer errors, although all parameters
demonstrated high reproducibility with rTEM being
under 5%. The only parameter drastically over the
95% threshold for the R value was left BC.
Descriptive statistics for the samples in this study
are presented in Table 2. The results for each sex
group indicate that males presented higher values compared with females for both right and left parameters.
Preliminary analysis of the data indicated that
some of the parameters were not normally distri
buted, with the Shapiro-Wilk test P-value being
<0.05. Thus, bilateral asymmetry and sex differences
were tested through parametric or non-parametric
approaches.
Differences between right and left femora were
examined for all three measurements. AC parameters
did not demonstrate a statistically significant diffe
rence between right and left (t(295) = −1.79,
Table 1. TEM, rTEM, and R intra- and inter-observer errors
for the variables included in this study.
Intra-observer error
Parameters
Right AB
Right AC
Right BC
Left AB
Left AC
Left BC
TEM: technical

TEM
0.35
0.45
0.95
0.55
0.51
1.06
error of

Inter-observer error

rTEM
R
TEM
1.10
0.98
0.50
0.98
0.99
1.28
1.56
0.92
0.98
1.72
0.97
0.75
1.09
0.99
0.97
1.74
0.92
1.43
measurement; rTEM: relative

rTEM
1.57
2.78
1.60
2.33
2.08
2.36
TEM.

R
0.97
0.93
0.92
0.95
0.96
0.86

Table 2. Descriptive statistics for males, females, and total
samples.
Min
Max
Mean
Side
(mm)
(mm)
(mm)
SD
Males (n = 158)
AB
R
26.1
39.9
32.10
2.61
L
25.1
39.1
32.16
2.64
BC
R
53.4
69.2
62.20
3.41
L
53.9
70.1
62.36
3.45
AC
R
34.6
58.1
49.98
3.87
L
34.8
57.8
50.06
3.73
Females (n = 138)
AB
R
23.4
35.2
28.26
2.21
L
22.3
34.2
28.35
2.23
BC
R
45.7
63.9
53.43
3.19
L
45.8
63.8
53.46
3.13
AC
R
33.5
55.1
43.23
3.21
L
33.8
54.2
43.36
3.12
Total (N = 296)
AB
R
23.4
39.9
30.31
3.10
L
22.3
39.1
30.38
3.11
BC
R
45.7
69.2
58.12
5.49
L
45.8
70.1
58.21
5.54
AC
R
33.5
58.1
46.83
4.91
L
33.8
57.8
46.93
4.81
N: total sample; n: sex subsample; SD: standard deviation;
interval; R: Right; L: Left.

95%CI
31.69–32.51
31.74–32.57
61.66–62.73
61.86–62.90
49.37–50.58
49.47–50.64
27.88–28.63
27.97–28.72
52.89–53.97
52.93–53.98
42.69–43.77
42.83–43.88
29.95–30.66
30.02–30.73
57.48–58.74
57.57–58.84
46.27–47.39
46.38–47.48
CI: confidence

P > 0.05), as indicated by a paired samples t-test.
Wilcoxon signed-rank tests for analysis of AB and
BC measurements produced scores that were approximately symmetrically distributed, as assessed by
histograms with a normal fitted curve. A
non-statistically significant difference (P > 0.05) was
observed between the right and left AB and BC
parameters (z = 1.811 and z = 1.823, respectively).
Sex differences were examined using the independent samples Mann-Whitney U Test (Table 3).
All six variables produced distributions that were
similar between males and females, as assessed by
visual inspection. All parameters were shown to be
statistically significant at the <0.001 level. The SDI
was calculated as described earlier, with the highest
percentage values being produced by the left AB
and right AC parameters.
The assumptions for DF analysis were tested and
the data indicated suitability for this analysis through
the assessment of sample size, histograms, normal
Q-Q plots, and skewness and kurtosis scores [23–
25]. In order to apply the formulae in a real case
scenario, the respective variable measurements need
to be inserted into the provided formulae. The score
obtained from the discriminant function must be
compared with the provided sectioning point. Score
values over the sectioning point indicate that the
individual is classified as a male and scores under
this value indicate that the individual is classified
as a female [20].
Six univariate DF equations were generated, one
for each of the right and left variables collected
(Table 4). The univariate DF models produced correct classification percentages ranging from the lowest (78.4%) for the right and left AB to the highest
(90.2%) for the right BC (Table 5).
The results of the DF analysis for the right and
left femora are shown in Tables 4 and 5. The first
multivariate DF formulae were generated by
manually entering all the measurements from the
right femur (Table 4). Three of the four DF models
(F7, F9, and F10) showed a slight increase in the
percentage of correct classification as compared
with the classification accuracy reported by the
univariate DF formulae (Table 5). From the
multivariate DF analysis performed on parameters
collected from the left femur, the highest percentage
of original and cross-validated correct classification
was obtained with model F11, which includes the
three parameters (AB, BC, and AC) (Tables 4 and 5).
Note that stepwise DF for all the measurements
from the right and left sides selected left AB, BC,
and AC as the most optimal combination. This DF
model was already developed in model F11.
Posterior probabilities for males, females, and
total sample for the formulae reporting around 90%
or higher original and cross-validated accuracy are
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Table 3. Results from Mann-Whitney U tests for sex difference and SDI for each parameter.
Mean rank
Parameter	Side
AB
R
L
BC
R
L
AC
R
L
SDI: sexual dimorphism index; R: right;

Male
199.28
197.93
212.12
212.47
205.47
206.11
L: left.

U
2 878.00
3 092.50
849.50
794.50
1 900.00
1 799.50

Female
90.36
91.91
75.66
75.26
83.27
82.54

Z value
−10.920
−10.636
−13.686
−13.761
−12.256
−12.392

P-value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

SDI
11.99
14.09
13.05
11.83
14.27
13.37

Male/Female
centroids
(0.736)/F (−0.843)
(1.236)/F (−1.415)
(0.879)/F (−1.007)
(0.721)/F (−0.825)
(1.256)/F (−1.438)
(0.902)/F (−1.032)
(1.318)/F (−1.509)
–
–
(1.036)/F (−1.186)
–
(1.300)/F (−1.488)
–
(1.263)/F (−1.446)
–
(1.341)/F (−1.535)
–
–
(1.067)/F (−1.221)
–
(1.318)/F (−1.509)
–
(1.283)/F (−1.469)
–

Sectioning
point
−0.0535
−0.0895
−0.0640
−0.0520
−0.0910
−0.0652
−0.0955
–
–
−0.0750
–
−0.0940
–
−0.0915
–
−0.0970
–
–
−0.0770
–
−0.0955
–
−0.0930
–

Table 4. Univariate and multivariate DF for right and left femora.
Parameter
Univariate DF

Function
F1
F2
F3
F4
F5
F6
F7

Variables Unstd. coeff. Constant Wilk’s Lambda F-ratio
Effect size
R_AB
0.411
−12.459
0.615
183.773*
0.38
R_BC
0.302
−17.568
0.362
517.623*
0.63
R_AC
0.279
−13.085
0.529
261.925*
0.47
L_AB
0.406
−12.348
0.625
176.140*
0.37
L_BC
0.303
−17.618
0.355
534.311*
0.64
L_AC
0.289
−13.557
0.516
275.531*
0.48
Multivariate DF
R_AB
0.124
−19.455
0.333
321.65*
0.67
only R
R_AC
0.055
–
–
–
–
R_BC
0.226
–
–
–
–
F8
R_AB
0.223
−16.233
0.447
235.904*
0.55
R_AC
0.202
–
–
–
–
F9
R_AB
0.133
−19.119
0.339
316.697*
0.66
R_BC
0.260
–
–
–
–
F10
R_BC
0.257
−18.091
0.352
305.601*
0.64
R_AC
0.067
–
–
–
–
Multivariate DF
F11
L_AB
0.123
−19.686
0.325
328.305*
0.67
only L
L_AC
0.063
–
–
–
–
L_BC
0.223
–
–
–
–
F12
L_AB
0.221
−16.858
0.433
245.526*
0.57
L_AC
0.216
–
–
–
–
F13
L_AB
0.128
−19.196
0.333
322.108*
0.66
L_BC
0.263
–
–
–
–
F14
L_BC
0.256
−18.220
0.345
311.637*
0.65
L_AC
0.070
–
–
–
–
Unstd. Coeff.: unstandarised coefficients; *P < 0.001; DF: discriminant function; R: right; L: left.

M
M
M
M
M
M
M
M
M
M
M
M
M
M

Table 5. Original and cross-validated number of individuals and percentages of correct classification.
Original correct group membership
Functions
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
F13
F14

Cross-validated correct group membership

Males (N=158)

Females (N=138)

Total

Males (N=158)

Females (N=138)

Total

n
126
145
128
125
141
131
146
139
145
145
147
136
144
144

n
106
122
122
107
123
120
126
120
125
126
127
122
127
125

%
78.4
90.2
84.5
78.4
89.2
84.8
91.9
87.5
91.2
91.6
92.6
87.2
91.6
90.9

n
126
145
128
125
141
131
146
138
145
145
146
136
143
143

n
106
122
122
107
123
120
126
120
125
125
127
122
127
124

%
78.4
90.2
84.5
78.4
89.2
84.8
91.9
87.2
91.2
91.2
92.2
87.2
91.2
90.2

%
79.7
91.8
81.0
79.1
89.2
82.9
92.4
88.0
91.8
91.8
93.0
86.1
91.1
91.1

%
76.8
88.4
88.4
77.5
89.1
87.0
91.3
87.0
90.6
91.3
92.0
88.4
92.0
90.6

shown in Table 6. The percentage of correctly classified individuals by each formula is represented as
percentages indicating the proportion of the sample
assigned to the correct group under different posterior probability thresholds. For all formulae, more
than 81% of individuals were correctly classified
with posterior probabilities over 0.80, and over 64%
of the samples were correctly classified with posterior probabilities of 0.95 or higher. In summary, our
results demonstrated sex difference in the sample
under study with 7 out of the 14 formulae generated

%
79.7
91.8
81.0
79.1
89.2
82.9
92.4
87.3
91.8
91.8
92.4
86.1
90.5
90.5

%
76.8
88.4
88.4
77.5
89.2
87.0
91.3
87.0
90.6
90.6
92.0
88.4
92.0
89.9

providing an overall original and cross-validated
correct sex classification of over 90%.

Discussion
Estimating sex from human remains is part of the
identification routine performed by forensic
anthropologists. Because forensic identification
methods are subject to scrutiny, the choice of
technique must rely on population proximity and
accuracy rates that allow the practitioner to fulfil

6

J. G. GARCÍA-DONAS ET AL.

Table 6. Posterior probabilities (PP%) for F2, F5, F7, F9, F10, F11, F13, and F14 for males, females, and total samples.
Males
PP%
F2
F5
F7
F9
F10
F11
F13
F14

>60
92.41
97.16
97.26
97.93
96.55
96.59
95.83
96.52

>80
81.37
85.10
89.72
88.27
86.21
85.71
86.80
88.19

>90
75.17
78.72
78.08
77.24
74.48
79.59
80.55
77.08

Females
>95
64.82
70.21
69.17
67.58
69.65
70.06
72.91
70.13

>60
98.38
99.18
100.00
98.40
96.82
98.42
96.06
98.40

the evidentiary standards [26]. Additionally, both
the available skeletal element and its state of
preservation need to be thoroughly considered to
choose the best method. If intact, the pelvis is
considered the most sexually dimorphic biological
indicator in the skeleton [1]. Morphoscopic analysis
of the skull and mandible is considered the second
choice when the pelvis is not available, although
this is dependent on a number of traits and the
provenance of the remains [27, 28]. However, issues
arising from the intrinsic subjectivity of the
morphological approach in relation to the observer’s
experience, training, and lack of precise instructions
and diagrams, among others, have been reported
[29, 30].
Alternatively, the metric approach for sex
estimation relies on the collection of measurements
from specific skeletal elements by identifying
anatomical landmarks and applying a quantitative
approach. DF and binary logistic regression are
commonly used to determine if the subject is male
or female [31]. Several skeletal elements may be
considered for metric sex estimation. Published
studies have provided different degrees of accuracy
and presented similar issues as the morphological
assessment, such as skeletal element availability and
population-specific size-related dimorphism [7, 32,
33]. Although considered more objective with intraand inter-observer error being less of a concern,
metric techniques are not exempt from drawbacks.
Adams and Byrd [34] tested 22 postcranial
measurements on observers with 0 to more than
10 years of training on handling problems related to
not only parameter definition discrepancies and
difficulty in anatomical landmark identification, but
also to observers’ years of experience and equipment
used. Djorojevic et al. [12] tested both intra- and
inter-observer errors for Purkait’s [11] parameters,
concluding that the method has high reliability
based on low observer error results. Our study
tested intra- and inter-observer errors on the virtual
femoral measurements through TEM analysis, with
all rTEM values falling within the levels of
acceptance. This confirmed the reliability of the
parameters, corroborating other studies conducted
on virtual data [35–37]. Interestingly, the lowest R
scores were reported for BC parameters, with 8%

>80
92.62
95.12
88.88
90.40
90.77
92.63
91.33
93.60

>90
81.96
81.30
84.92
82.39
82.54
85.03
81.88
82.39

Total
>95
71.31
69.91
74.60
70.39
73.81
76.77
74.80
72.00

>60
95.13
98.10
98.52
98.15
96.67
97.44
95.94
97.39

>80
86.51
89.77
89.34
89.25
88.19
89.05
88.92
90.70

>90
78.27
79.92
81.25
79.62
78.22
82.11
81.18
79.55

>95
67.79
70.05
71.69
68.88
71.58
72.92
73.43
71.00

of the variance related to measurement error for
right and left intra-observer error. The lowest R
value corresponded to left BC, with 14% of the
variance from inter-observer scoring error. Factors
such as the nature of the parameter and landmark
identification through 3D images may have had an
impact on BC results. Further virtual studies on
Purkait’s method [11] should be performed to obtain
more data and draw appropriate conclusions.
Furthermore, other issues, such as the segmentation
protocol as a possible source of bias, might be taken
into consideration in future observer error
testing [38].
The present research was conducted on 296 adult
Turkish individuals by virtually applying the method
proposed by Purkait [11]. Our results indicated that
no bilateral asymmetry exists between right and left
femora based on the measurements collected, which
is consistent with other studies [11, 13]. However,
research focusing on orthopaedics has included more
metric data that indicate contradictory side-to-side
differences for specific anatomical segments within
the proximal femoral area [39, 40]. As expected, all
parameters demonstrated statistically significant differences between the sexes, with males having higher
values than females. Both the right and left sides
were tested and used separately to generate the
population-specific sex estimation method based on
the Turkish samples in this study. We recommend
the use of univariate DF models that apply right
and left BC measurements to ensure accuracies
higher than 89%. Depending on bone preservation,
all three parameters from the right femur or the
combination of right AB and BC or right BC and
AC, separately, can be used to reach a correct sex
classification of 91%. If only the left femur is available, all the parameters combined are recommended
to obtain the most accurate classification produced
in the present research (92%). Overall, our classification results are slightly higher when compared
with the errors reported by the original study, with
the remaining three published papers on the application of Purkait’s triangle method reporting
cross-validated correct classifications ranging from
54.7% to 85.5% [12–14] (Table 7). When analysing
the comparative table, it should be taken into consideration that Purkait [11] used 200 males and 80
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Table 7. Studies on proximal femur triangle methods indicating samples and accuracies rates.
Cross-validated % range
Population (N: n_male, n_female)
Univariate DF
Indian (280: 200, 80)
62.5–84.3a
European American and African American
69.0–85.5
(200: 100, 100)
Anastopoulou et al. [13]
Greeks (203: 112, 91)
54.7–77.3
Djorojevic et al. [12]
Spanish (186: 77, 109)
76.9–85.5
The present study
Turkish (296: 158, 138)
78.4–9.2
a
Average correct classification; N: total number of individuals; n: sex subsamples; DF: discriminant function.
Study
Purkait [11]
Brown et al. [14]

females. This is an unbalanced sample collection and
should be considered when interpreting the results.
Differences in the SDI can be observed between
populations in relation to Purkait’s triangle method
[11, 13, 14]. Although the representation of each
sex in the existing studies must be taken into consideration when comparing the present sample set
with the published data, overall, the Turkish population shows an SDI for BC similar to those of
Indian and European American populations. Greater
values than that reported by the Greek population
might explain the higher classification accuracies for
the Turkish samples compared with the Athens samples. The remaining measurements do show diffe
rences, with AB showing the highest SDI for European
Americans and the lowest for Indians, while the
inverse result was observed for AC. In the Turkish
sample, AC demonstrated a higher SDI than BC,
which was also observed in the Greek samples [13].
Interestingly, the intertrochanteric apex distance
(BC) was selected by DF analysis as the best single
parameter to discriminate between sexes in our
study, as well as in Purkait [11], Brown et al. [14],
Anastopoulou et al. [13], and Djorojevic et al. [12].
The iliofemoral ligament attaches superiorly to the
intertrochanteric line and is the largest ligament in
the human body [41]. It is expected that this measurement will better represent sexual dimorphism
being more robust in males and an area of upper
body weight transmission [12]. Research has focused
on this specific segment of the proximal femur
because of its relevance to hip fracture and its relationships with age, sex, and related diseases such
as osteoporosis [42, 43]. Previous studies noted
size-related sexual dimorphism in proximal femur
parameters, such as neck and head diameters, with
accuracies around 89% for single measurements
[7, 44, 45]. Although common in humans and animals [5], sexual dimorphism presents to various
degrees in different populations. Thus, femoral sex
estimation population-specific standards have been
conducted to understand size and shape differences
and to validate and test accuracy rates of correct
sex classification for forensic identification [46–48].
Reported metric differences between Indians and
other populations indicated the possible impact of
sex, ethnicity, genetics, diet, and physical activity,
among others factors affecting the accuracy rates

Multivariate DF
85.4a–87.5
74.0–87.0
73.4–76.2
81.7–83.3
87.2–92.2

obtained [49, 50]. Specifically, sexual dimorphism
inter-population variation in relation to Purkait’s
triangle has been previously shown [12]. Therefore,
the development of Turkish population standards
for this method was recommended.
The Turkish population has been studied for sex
estimation and presented different levels of correct
classification using the skulls of 400 individuals
(77%–89%) [51], sternums of 443 individuals
(56.4%–86.1%) [52], scapulas of 152 individuals
(74.3%–96.1%) [38], tibias of 203 individuals
(77.8%–84.7%) [36], calcaneus of 428 individuals
(89.9%–100%) [53], and clavicles of 152 individuals
(75%–89%). Gulhan et al. [54] conducted a sex estimation CT study on 200 modern adult Turkish
individuals by applying 13 parameters collected from
the femur. They obtained a 63.5% to 88.0% accuracy
rate for univariate DF formulae and a 91% accuracy
rate for a three-parameter multivariate DF formula.
The results provided by the DF analysis performed
on parameters from the femoral proximal area were
consistent with the reported classification accuracies.
They provided slightly higher correct classification
for single parameters (F2 and F5) than the ones
reported by Gulhan et al. [54].
Virtual anthropology is an ever evolving field
within biological anthropology and is used as a
tool in forensic anthropology as means for sex and
age estimation, trauma analysis, and commingled
remains analysis, among other uses [55–57]. The
feasibility of using virtual data in place of the
traditional dry bone macroscopic observation has
been tested for morphological and metric assessments [35, 55]. Its advantages over the traditional
approach are related to the observation of all
structures within the bone, the remote accessibility
of the data, and the simultaneous analysis of size
and shape. This can widen the research opportunities within the field [58, 59]. 3D-CT images were
used as a tool in the present study and allowed
the authors to develop a population-specific
method for sex estimation surpassing the lack of
an osteological collection. Although previous stu
dies have confirmed the accuracy of metric virtual
data compared with dry bone measurements, further validation and standardisation are still
required to confirm the application of virtual data
to dry bones, and vice versa [59, 60].
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Conclusion
Because sex estimation is a required aspect of
generating a biological profile for an unidentified
individual, population-specific standards are
necessary to ensure they are assigned to the correct
group. In this study, we presented a sex estimation
method for Turkish individuals through the
application of Purkait’s method [11]. The results
demonstrate the overall reliability of this method
through virtual data, with our accurate classification
rates being comparable to previous analyses
performed on dry proximal femora. Additionally,
it can potentially be applied to forensic identification
because it provided an overall accuracy around
90% for most proximal femur parameters and
posterior probabilities of over 95% for over 67%
of the sample examined. As other populations have
been assessed using the same technique, forensic
a nt h ro p o l o g i s t s a re a d v i s e d t o ap p l y
specific-population methods if the geographical
origin of the unidentified individual is known,
reducing the errors of sex misclassification.
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