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ABSTRACT

Human skeletal remains identification is crucial in forensic investigations, so the
differentiation of the sex of a human bone is a significant initial stage for estimation of age and
height of any unknown skeletal bone. AIM: The present study was designed to compare and
evaluate the role of piriform and orbital aperture measurements in sex discrimination by using
computed tomography in a sample of Egyptian population. SUBJECTS AND METHODS: This
study was done by using 89 computed tomography (CT) images of the piriform and orbital bone
obtained from the Radiology Department, Menoufia University Hospital for numbers of males' and
females' patients (43 of them were for males and 46 were for females) aged from 20 to 70 years;
where the morphometric measurements of piriform and orbital aperture were
obtained. RESULTS: This study was conducted on 89 CT images; 43 of them were for males
representing 48.3% with a mean age of 47.44+ 16.54 years, while 46 cases were for females
representing 51.7% with a mean age 44.52 +15.56 years. A highly significant difference (p<0.01)
was obvious between both sexes for left orbital width, right, and left orbital area with greater values
in males. Measurements of piriform aperture (PA) in this study as length, width, and area showed
that males presented with significantly greater mean values than females. Besides that, the Piriform
area was the best sex discriminant measure as it had the highest sensitivity 93%, specificity by
85%, and accuracy of 88.7% at a cutoff equal to 64 mm or more suggesting males
(p<0.001). CONCLUSION: Sex determination of human skeletons is important in forensic and
anthropological research. The present study revealed that piriform and orbital aperture have sexual
dimorphism and can be helpful in sex discrimination, especially the piriform area, which had the
best accuracy in this study, as it had the highest sensitivity 93%, specificity 85%, and 88.7%
accuracy.
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INTRODUCTION: For sex determination, the forensic

Human skeletal remains identification is anthropologist must assess different regions

crucial in forensic investigations, so the of the skeleton, combine, and compare them

differentiation of the sex of a human bone is a (Spradley and Jantz, 2011; Cabo et al.,

significant initial stage for estimation of age 2012; Garvin, 2012) because parts of the

and height of any unknown skeletal bone same skeletal could have different grades of
(Ghorai et al., 2017). sexual properties (Best et al., 2018).
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Morphological variations in the tissues of
both sexes can be affected by the roles of each
part of the body, biomechanical load, stress,
and hormonal levels (Best et al.,2018).

Previous research  concluded that
cranium shape could be affected under
extreme climatic conditions (Evteev et
al.,2018). Some researchers have correlated
osseous anatomy and degree of sexual
dimorphism with human socio-economic
status and diet, so a high degree of accuracy
and precision can be obtained by integrating
two or three of the cranium's morphological
features for sex discrimination (Williams and
Rogers, 2006).

The orbital aperture is an anatomical
landmark in the cranium, and orbital
measurements are one of the craniofacial
variables that have been successfully used in
anthropological ~ studies  for  personal
identification. Its morphological structure
differs between races and ethnic groups from
various geographical regions of the world
(Sarkar et al.,2018).

The piriform is a pear-shaped anatomical
structure; formed by some facial bones
(frontal processes of the maxillary bones, the
nasal bones, and the anterior nasal spine).
Classical sex prediction; can be provided by
the characteristic features of the pyriform
aperture (PA) (L6pez et al., 2009).

Radiographs have been used in the
discovery of unknown skeletal bones since
the 1900s. Because of their objectivity,
specificity, and reliability, metric assessments
of radiographs have greater importance. The
measures of craniofacial structures are
calculated by many methods and
techniques (Attia et al.,2018).

Computer software undergoes significant
development, as multiple segments imaging
of the bone can be obtained automatically,
late generation of CT scanners can view even
minor differences in contrast. So, it can be
used as an effective tool for anatomical
measurement of a skeleton (Khademi and
Bayat., 2016).

The present thesis was designed to
determine the sexual difference between
males and females with the help of a
morphometric analysis of piriform and orbit
aperture in a sample of Egyptian individuals.

METHODOLOGY:

This is a cross-sectional study done on 89
computed tomography (CT) images for the
piriform and orbital bone obtained from the
Radiology Department, Menoufia University
Hospital for numbers of males' and females'
patients (43 of them were for males and 46
were for females) aged from 20 to 70 years.
Inclusion criteria: CT images of apparently
healthy individuals; with no asymmetrical
features of the skull or craniofacial trauma.

Radiological examination: CT images
were done on the piriform and orbital aperture
using a 128-MDCT scanner (SOMATOM
perspective, Siemens, Germany). The image
was taken while the patients were lying
supine, head-first with the landmark 1lcm
superior to skull vertex. A scout was then
performed Craniocaudal. A spiral scan was
then performed wusing the following
parameters: kVp: 130, mAs: 100, rotation
time 1 second, slice thickness 0.6 mm. Axial
volume was acquired and then transferred as
a DICOM file. Post scan processing: the
DICOM images were evaluated using a
RadiAnt viewer system (version 2020.2, 64-
bit), with 3D surface render volume (VR)
analysis used to attain the orbital length (OL)
and width (OW); where (OW) measured as
the distance between the dacryon to the
orbital tubercle, and (OL) is the distance
between the upper and lower margin of the
orbital bone and perpendicular to the OW, and
the inter-orbital distance which is the least
diameter measured in-between the two medial
walls of the orbit, then right and left orbital
index were calculated by dividing the orbital
length to the orbital width and multiplying it
by 100. Pyriform length (PL) and width (PW)
were also measured; (PL) measured from the
rhinion superiorly downward to the nasal
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spine; (PW) measured as the largest distance
between the right and left lateral piriform
ridges.

Multi-planar reconstruction (MPR) in the
axial plane was used to assess the inter-
zygomatic distance, and in the coronal plane
to assess the orbital areas. Maximum intensity
projection (MIP) was used to calculate the
area of the pyriform aperture.

The measures were performed by a
radiologist using the manual method for
measurements, with the line used for
measuring the straight lines and the closed
polygon for measuring the areas.

Statistical analysis: The data collected
were tabulated and statistically analyzed;
using a personal computer with version 20 of
the Statistical Package of Social Science
(SPSS) (Kirkpatrick and Feeney,
2013). Kolmogorov-Smirnov test was used
to check the normality of data, which
presented as mean + standard deviation (SD).
We used a t-test at the 5% level to verify the
significant difference at the parameter. The P-
value; was found to be significant at 0.05 or
less. The receiver operator curve (ROC); was
implemented to evaluate the percentage of
accuracy of the significant variables
measured, and to establish ideal cutoff values,
the area under the curve (AUC) reflects the
measure's diagnostic efficiency, as more than
50 percent of the area shows appropriate
prediction, while about 100 percent of the
area is the best for discrimination. Then the
significant parameters in sex discrimination;
were analyzed by discrimination function
analysis test as sectioning point, and sex
equation was determined.

RESULTS:

This was a cross-sectional study done
over 89 computed tomography (CT) images
of the piriform and orbital bone; 43 of them
were males representing 48.3% their mean
age was 47.44+ 16.54 years, while 46 cases
were females representing 51.7% with a mean
age of 44.52 +15.56 years. Table (1) shows

that there was a non-significant difference in
age among the studied cases regarding their
sex, where t- test= 0.856 and p > 0.05.

Table (2) reveals that there was no side
difference between the left and right orbital
values measured as regards the same sex.

Table (3) shows the statistical analysis of
all orbital measures as regards the sex, where
a highly significant difference (p <0.01) was
obvious between both sexes for left orbital
width, right, and left orbital area with greater
values in males.

Measurements of PA in this study
showed that males presented with
significantly greater mean values than
females in all measures of piriform as length,
width, and area (Table 4)

Table (5) and fig (1) demonstrated the
(ROC) analysis, which had been used to
estimate the maximum values for sex
discrimination. The optimum cutoff point,
sensitivity, and specificity values were
determined. It declared that the Piriform area
was the most accurate measure for sex
discrimination among all studied values, as it
had the highest sensitivity percentage by
93%, plus 85% specificity, and an accuracy
rate of 88.7% at a cutoff equal (64 mm) or
more; suggesting males (p<0.001).

By combining the orbit and piriform
measures, the six significant variables were
subjected to multivariate discrimination
analysis, and sectioning point was obtained,
with an 83.1% total accuracy rate, of which
88.9% in male and 79.2% in female were
determined accurately (Table 6). And
discriminant function (df) score = -16.587 +
(Lt. orbital width * 0.082) + (Rt. orbital. Area
* 0.084) + (Lt. orbital. area * 0.029) +
(pyriform area *0.058) + (pyriform length
*0.144) + (piriform width * -0.020). If the (df)
score is more than or equal to the sectioning
point, then the individual is considered male,
while if (df) score is less than the sectioning
point, then the individual is considered
female.
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Table (1): T-test statistical analysis of the relation between age and sex in the studied cases.

Age (years) (r'\]/'jg) fﬁinfé;’ t-test P-value
Mean +SD 47.44% 16.54 44.52 +15.56 0.856 0.395

n: number, SD: standard deviation.

Table (2): Comparison between the left and right-sided orbital measures as regards the sex.

Variables Male (n=43) Female (n=46)
Right side Left side. P- Right side Left side. P-
Mean + SD. Mean + SD. | Value | Mean +SD. | Mean +SD. | Value
(mm) (mm) (mm) (mm)

Orbital width | 36.79+1.34 37.03+1.37 0.772 |37.39+1.77 | 36.11+1.34 0.090
Orbital length | 34.92 £5.01 35.18 £1.73 0.72 35.08 +3.26 | 34.77 £3.25 | 0.076
Orbital area 111.96+ 11.44 | 109.67+11.47 | 05 100.4 +£7.23 | 99.57+6.14 0.66
Orbital index | 0.935+0.14 1.08 +0.8 0.240 [092+0.18 |1.19+1.11 0.108

n: number, SD: standard deviation, mm: millimeter

Table (3): T-test statistical analysis of the relation between the measured variables of orbital
aperture (OA) and sex in the studied cases.

Variables (rli/ﬂg) Eﬁ:ﬂ; t-test P-Value
Rt. Orbital width 36.79 +1.34 37.39+1.77 -1.819 0.072
Lt. Orbital width 37.03+1.37 36.11 +1.34 3.182 0.018*
Rt. Orbital length 34.92 +5.01 35.08 + 3.26 -1.2343 0.22
Lt. Orbital length 35.18 +1.73 34.77 + 3.25 0.738 0.463
Rt. Orbital area 111.964+ 11.44 100.40+7.23 5.73 <0.001**
Lt. Orbital area 109.67+11.47 99.57+6.14 5.226 <0.001**
Rt. Orbital index 0.935+0.14 0.92+0.18 -0.6467 0.52
Lt. Orbital index 1.08 +0.8 1.19+1.11 -1.714 0.09
Inter orbital distance 23.53+1.53 22.71 £ 3.16 1.5288 0.13
Inter zygomatic distance 08.68 + 2.76 97.4 £ 3.86 1.7954 0.076

*: Statistically significant at p < 0.05.

**: Statistically highly significant at p < 0.01.

Table (4): T-test statistical analysis of the relation between the measured variables of piriform
aperture (PA) and sex in the studied cases.

Variable Male Female t- test P-Value
(n=43) (n=46)

Piriform _length 34.17 +4.4 28.51+2.7 7.3641 | <0.001**

Piriform width 24.31 +1.52 22,78+ 153 | 4.7503 | <0.001**

Piriform _area 72.06+ 10.51 58.83+ 5.82 7.4078 | <0.001**

**: Statistically highly significant at p <0.01.
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Table (5): Sensitivity and specificity for the significant measured variables in the studied cases
for sex discrimination.

0,
AUC P-Value 95% Cutoff Sensitivity | Specificity | PPV NPV Accuracy
C.1 (mm)
Lt Orbital | oo | c0018% | 093 | 53625 65 % 652% | 636 | 66.6 65.1%
width 0.76
Rt.Orbital | 951 | <g.001% | %79 | >106.25 84% 74% 837 | 73.9 78.6%
area 0.89
Lt. Orbital 0.67
: 0.772 | <0.001* | - | >1038 | 72.7% 75% 744 | 739 74.1%
area
0.87
Piriform | ge6 | <0.001% | 9897 | 30,6 81% 85% 814 | 848 83.1%
length 0.96
Piriform 1219 | <0.001% | %89 | 5235 84% 67% 837 | 674 75%
width 0.82
Piriform 911 | <0.001* | 9897 | 64 93% 85% 93 84.8 88.7%
area 0.96

AUC: Area Under a Curve
NPV: Negative predictive value

CI: Confidence interval
PPV: Positive predictive value

**: Statistically highly significant at p < 0.01

If the value equal or more than the cutoff point, this means most probably male.
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Figure (1): ROC curve analysis of the significant measured variables in sex discrimination.

Table (6): Multivariate discriminant function analysis of the measured significant variables of

piriform and orbital aperture.

Sectionin Percent of Accurac
Variables Constant | Coefficient ning accuracy y
point
males females %
Lt. Orbital width 0.082
Rt. Orbital area 0.084
Lt. Orbital area -16.587 0.029 0.28 88.9% | 79.2% | 831
Piriform length 0.058
Piriform width 0.144
Piriform area -0.020

Discriminant function (df) score = -16.587 + (Lt. orbital width * 0.082) + (Rt. orbital. Area * 0.084)
+ (Lt. orbital. area * 0.029) + (pyriform area *0.058) + (pyriform length *0.144) + (piriform width *

-0.020)
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Figure (2): 3-dimentional CT scan of the
Piriform Aperture (PA) shows maximal length
of PA (green line), and maximal width (red
line).

Y- £ !
Figure (4): 3-dimentional CT scan of Orbital
aperture (OA) shows maximal length of (OL)
(red line), and maximal width (OW) (green

Figure (6): 3-di'mentiohai CT scan showihg
the inter orbital distance (red line)

Figure (3): Coronal section CT scan showing
the Piriform Aperture (PA) area

Area=10.28 cm?

Area=10.49 cm?

Figure (5): Coronal section CT scan of the
Orbital aperture (OA) area

Figure (7): Axial section CT scan showing the
inter zygomatic distance (red line)
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DISCUSSION:

In a forensic background, the task of
anthropology is to arrive at conclusions about
age, sex, height, and racial origin from the
unknown or decomposed remains. One of the
major challenges raised while creating the
biological profile is the determination of sex.
The accuracy of skeleton sex discrimination
depends on the bony part available, its
validity, and the degree of sex differences;
that present in such a population group (Jain
et al., 2016). So, the purpose of the present
research was to compare and assess the role
of  piriform and  orbital  aperture
measurements in sex discrimination by using
automated computed tomography imaging in
a sample of Egyptian individuals.

This research was conducted on 89
computed tomography (CT) images of the
piriform and orbital bone; 43 cases were
males representing 48.3% their mean age was
47.44+ 16.54 years, while 46 cases were
females representing 51.7% their mean age
was 44.52 +15.56 years.

The present study revealed that there was
no side difference was present between the
left and right orbital indices as regards the
same sex. Likewise, Botwe et al. (2017) and
Attia et al. (2018) showed that the difference
between the orbit length and width for either
side was not significant statistically, which
means that the orbital measurements on both
sides have approximated dimensions. This
was agreed with Ezeuko and Om Iniabohs
(2015); Mekala et al. (2015) who reported
similar results.

On the other hand, this result of our study
was contradicted with that of Gopalakrishna
and Kashinatha (2015), who declared in
their study that the bilateral orbits showed a
significant difference in the orbital index.
They attributed this finding to the differential
growth in the multiple bones forming the
orbit.

This study reported that there was a
highly significant difference (p<0.01) as
regards left orbital width, right and left orbital

areas between genders with higher male
values, while other orbital indices were not
significantly different between males and
females. This was in line with Cheng et al.
(2008), who stated that males owned
considerably greater orbital measures than
females. From the other side, in terms of
orbital height, Rossi et al. (2012) found non-
significant gender variations among Brazilian
people.

Other studies on orbital dimensions as
Kaplanoglu et al. (2014) stated that in males
the orbital distance, height, orbital index, and
interorbital widths were greater than in
females. Also, Attia et al. (2018), who
previously assessed sex determination from
orbital aperture measures among the Egyptian
population, concluded that there were
obvious differences in the right orbital height
regarding the gender where males got higher
measures.

In contrast to the study of Husmann et
al. (2011) had found that the orbital measures
in females were higher than males, where the
racial difference between the Egyptians
included in the present study and the black
races included in their study can be attributed
to this outcome.

Out of the orbital measurements that
were recorded in the current study, the left
orbital area had the highest sensitivity by
75%, 74.4% specificity, and 74.1% accuracy.
While Dayal et al. (2008) studied various
measurements over more than one hundred
skulls, found that the orbital width and orbital
length had been assessed with 65.80% and
53.30% accuracy rate, respectively. Attia et
al. (2018) published a near result on orbital
measurement accuracy, as they reported that
the orbital measurements provide up to 74.7
percent accuracy of right sex. However, the
accuracy reported by Saini et al. (2011) was
much lower as they studied orbital width and
orbital length for gender classification and
observed that the accuracies of their use in the
prediction of sex were respectively 62.5%
and 48.20%.
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The discrepancy between the present
findings and other studies concerning orbital
measures validity in sex determination might
be related to many factors including, the
variation of age, ethnic group, the sample size
of the studied population, and the applied
method and tools used for obtaining the
measurements.

Piriform aperture (PA) features had been
interpreted as a classic sexual differentiation
predictor; the piriform measures were chosen
in this analysis to determine their role in sex
discrimination (Rogers, 2005).

Hwang et al. (2005) proposed that heat
and humidity in the air breathed by
individuals  specifically influence the
measures of PA and the form of the nasal
bone. For this reason, it is believed that the
dimensions of PA and the shape of the nasal
bone are adapted to the environmental and
geographical variations.

Measurements of PA in this study
showed that males presented with
significantly greater mean values than
females in all measures as length, width, and
area. As male skulls are usually more rigid
and larger, thus morphologically, it suggests
that the anatomical features are larger in
males than females. However, the degree of
the discrepancy between them differs from
one population to another.

Abdelaleem et al., (2016) analysis
reported that in an Egyptian population
sample, males displayed highly significant
dominance over females in terms of height,
width, and area of PA. The same finding was
reported by Prado et al. (2011); who studied
the role of the piriform aperture
morphometry and nasal bone morphology in
sex determination among the Brazilian
population.

On the other hand, by comparing
between piriform area and other studied
orbital indices in sex determination, the ROC
curve showed that the piriform area exhibited
the highest accurate measure as it had 88.7%

accuracy with sensitivity 93% and 85%
specificity.

The current study represents a high
accuracy of the piriform area in sex
determination comparing to Abdelaleem et
al. (2016) who recorded a high accuracy rate
in sex prediction by using the width of the PA.
Besides that, Alves et al. (2018) reported
74.2%, 67.8%, 77.6% accuracy, sensitivity,
and specificity, respectively (0.764 AUC) for
the piriform height. However, other studies as
Williams and Rogers (2006) had thrown
light on the shape of the PA, with an accuracy
of 84%.

Hunnargi et al. (2009) suggested that
the difference in the accuracy of the piriform
variables for sex determination could be
related to the different statistical approaches
that had been used.

In the present research, the six
significant variables of both the piriform and
orbital  aperture were subjected to
discrimination functional analysis; where the
sectioning point was reached and the
following equation was obtained as,
Discriminant function (df) score = -16.587 +
(Lt. orbital width * 0.082) + (Rt. orbital. Area
* 0.084) + (Lt. orbital. area * 0.029) +
(pyriform area *0.058) + (pyriform length
*0.144) + (piriform width * -0.020). Where if
the (df) score equal to or more than the
sectioning point, this predicting male, while
if the (df) score less than the sectioning point,
this predicting female. This equation showed
a total accuracy rate of 83.1%, of which
88.9% in males and 79.2% in females were
determined accurately.

The findings of many authors and the
current study show that it is very important
for sex determination to wuse various
approaches in skeletal measurements, besides
the combination of more than one bone to find
out the sex in case of unknown bony remains
(Suazo et al., 2008).

CONCLUSION & RECOMMENDATION

Sex determination of human skeletons is
important in forensic and anthropological
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research. The present study revealed that
piriform and orbital aperture had sexual
dimorphism, so their measurements can be
used for sex determination, especially the
piriform area, which exhibited the highest
accuracy for sex discrimination in this study.

Further research in this field are
recommended on a wide scale of a larger
sample of different races by using various age
groups are recommended. Besides, using
different statistical techniques for analysis of
the measures of different anatomical
structures to provide more accurate data that
can be used as a baseline for morphometric
data in forensic research.
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