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Abstract

Background: Using morphologic features of the bones is the basis of gender determination in anthropology and forensic medicine.
In this study, we evaluated the calcaneus diameters for gender determination in the Iranian population.

Methods: This cross-sectional study was conducted on Iranians referring to Hazrat-e Rasool Hospital’s radiology ward for plain
lateral X-ray of the foot. Lateral foot X-rays from 100 men and 100 women were gathered and evaluated for calcaneal indexes. These
patients aged between 18 and 80 years old who did not suffer major trauma to the calcaneus bone were recruited. Using a picture
archiving and communication system (PACS), four variables were calculated for each X-ray graph: Maximum anterior-posterior
length of the calcaneus (MAXL), Maximum height of the bone (MAXH), Height of the cuboid facet (CFH) and Height the calcaneal
body (BH). Cut off points for each index were calculated using the area under curve (AUC) in ROC curves.

Results: Lateral foot X-rays from 100 men and 100 women were gathered and evaluated for calcaneal indexes. The means of the
four indexes were compared between the sexes which showed all four means are significantly different p value <0.001. AUC for
MAXL in differentiating the genders was 0.824 , which showed 86.8 as the cut off with a sensitivity of 80% and specificity of 69.0%.
Cut off point for MAXH was set at 59.8 with sensitivity and specificity of 78.0% and 60.0%, respectively. For BH, 49.5 was set as the
cut off point with a sensitivity of 79.0% and specificity of 64.0%. The best cut off point for CFH was 27.8 with 76.0% sensitivity and
63.0% specificity.

Conclusion: It can be concluded that the calcaneal diameters are reliable criteria for sex determination. Although the cutoff points
are different between various races and populations, it is evident that these diameters can be used for sex determination in general.
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Introduction
Nowadays, one of the trending topics in forensic an-  thropology and archeology is determining the unknown
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— What this article adds:
This study evaluated the calcaneal diameters in the Iranian population

for the first time. Most of the studies in the field use human remains
and skeletal libraries to gather the measurements manually. But in this
study, we used computerized X-ray images from the live population
which is more accurate than manual measurements. It can be
concluded that the calcaneal diameters are reliable criteria for sex
determination in the Iranian population. Although the cutoff points are
different between various races and populations, it is evident that these
diameters can be used for sex determination in general.
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sex from the evaluation of the bone remains (1). In some
cases, sex identification is not possible even from the soft
tissue present in the remains, which leave the skeletal sys-
tem as the only evidence in gender differentiation (2-4).
Determining gender is one of the main challenges in fo-
rensic medicine (5).

Evaluation of sex differences is vastly diverse in various
races and nationalities. It is obligatory for each nation to
understand the skeletal and tissue differences between the
two sexes. Surely sex determination using these tech-
niques is more convenient, faster, and cheaper than mo-
lecular evaluation such as evaluation of genetics and
chromosomes (6, 7).

There are two general methods in gender determination
from the skeletal system: the morphologic and the metric
methods. The morphologic approach is quick and experi-
mental, which requires specialized training and a lot of
experience in this field. In the metric method, gender is
determined by measuring bone diametric indexes which
has higher reliability (8-10). For this approach, various
indexes have been evaluated and set such as the shape of
the bone, height, length, width and etc. Many bones are
used to determine the gender including skull, sternum,
hand, foot, pelvis and even teeth (11, 12).

Calcaneus is the largest bone in the foot, which is usual-
ly well preserved in skeletal remains due to the covers
such as socks or shoes. Therefore this bone can be useful
in gender determination from the body remains (13).

Almost every bone in the body is used in gender deter-
mination in forensic medicine, but each bone has its own
sensitivity. For calcaneus, previous studies have reported a
sensitivity from 67 percent to 97 percent (14-16).

According to literature, 11 indexes have been studied
before for calcaneus: Boehler angle, maximum anterior-
posterior length, maximum height, cuboid facet height,
height of the calcaneal body, length of the loading arm,
minimum width, maximum width, dorsal articular facet
surface, dorsal articular facet length and width of the sul-
cus canal (17-19).

To our knowledge, there hasn’t been a study reviewing
the gender determination from calcaneus bone in the Ira-
nian population. This study evaluated the calcaneal diame-
ters in the Iranian population for the first time. Most of the
studies in the field use human remains and skeletal librar-
ies to gather the measurements manually. But in this
study, we use computerized X-ray images from the live
population which is more accurate than manual measure-
ments. Since it is necessary for each nation to know its
own indexes for gender determination, we studied the
calcaneus bone between the two sexes.

Methods

This cross-sectional study was conducted on Iranians re-
ferring to Hazrat-e Rasool Hospital’s radiology ward for
plain lateral X-ray of the foot. 200 patients aged between
18 and 80 years old who did not suffer major trauma to
the calcaneus bone were recruited after gathering in-
formed consent. Also, patients with a history of surgeries
on the calcaneus bone and congenital abnormalities of the
foot were not included. This study was approved by the
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ethics committee of Iran University of medical sciences.

X-rays were obtained in standard lateral view of the foot
by an experienced technician. Using a picture archiving
and communication system (PACS), four variables were
calculated for each X-ray graph:

1. Maximum anterior-posterior length of the calcaneus
bone (MAXL): the distance between the most anterior part
of the calcaneus and the most posterior part on the calca-
neus tuberosity.

2. Maximum height of the bone (MAXH): the length of
the most superior and the most inferior part of the calca-
neal tuberosity.

3. Height of the cuboid facet (CFH): the distance be-
tween the most superior and the most inferior part of the
articular facet for the cuboid.

4. Height the calcaneal body (BH): the distance between
the superior and inferior surfaces of the calcaneal body in
the coronal plane which was measured at the midpoint
between the most anterior point and the most inferior
point of the bone.

All measurements were linear distances which were
measured by an expert technician, with the knowledge of
the foot anatomy, using the PACS software . A second
expert confirmed the bone measurements by re-measuring
all the measurements. In the cases with different meas-
urements, mean of the measurements was used.

For statistical analysis, Statistical Package for Social
Sciences, version 20.0 (IBM SPSS Statistics Inc., Chica-
go, IL, USA) was used. Quantitative variables were de-
scribed using means and standard deviation (SD). For
qualitative data, frequency and percentages were used.
The receiver operating characteristics (ROC) curve was
employed to compare different bone features between the
two sexes. P < 0.05 was considered as the level of signifi-
cance.

Results

Lateral foot X-rays from 100 men and 100 women were
gathered and evaluated for calcaneal indexes. The means
for the four indexes are detailed in Table 1. These means
were compared between the sexes, which showed all four
means are different significantly.

Also, five ratio indexes (MAXL to MAXH, MAXL to
BH, MAXL to CFH, MAXH to BH and MAXH to CFH)

Table 1. Means for calcaneal indexes

Index Men Women P

MAXL 92.76 £ 6.69 84.74 £ 5.36 <0.001
MAXH 64.69 + 6.46 58.88 £4.67 <0.001
BH 53.07+4.79 48.27+4.34 <0.001
CFH 30.29+£3.17 27.04 +3.00 <0.001

Table 2. Comparison of ratio indices between man and women

Index Men Women P

MAXL to MAXH 1.44+0.11 1.44+0.11 0.838
MAXL to BH 1.76 £0.13 1.76 £0.17 0.810
MAXL to CFH 3.08+0.29 3.16+0.33 0.069
MAXH to BH 1.23+0.14 1.23+£0.13 0.936
MAXH to CFH 2.14+0.22 2.20+£0.26 0.132
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were calculated which neither showed a significant differ-
ence between men and women. The comparison for these
ratios is described in Table 2.

Cut off points for each index were calculated using the
area under curve (AUC) in ROC curves. AUC for MAXL
in differentiating the genders was 0.824 which showed
86.8 as the cut off with sensitivity of 80.0% and specifici-
ty of 69.0%. Cut off point for MAXH was set at 59.8 with
sensitivity and specificity of 78.0% and 60.0%, respec-
tively. For BH, 49.5 was set as the cut off point with sen-
sitivity of 79.0% and specificity of 64.0%. The best cut off
point for CFH was 27.8 with 76.0% sensitivity and 63.0%
specificity. The ROC curves are shown in Figures 1-4.

Also, the ROC curve was used for ratio indexes which
revealed that neither are able to differentiate between the
genders (Table 3).
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Fig. 4. The ROC curve for CFH

Table 3. ROC evaluation for ratio indices

Index AUC CI p
MAXL to MAXH 0.497 0.417-0.578 0.949
MAXL to BH 0.489 0.408 — 0.571 0.796
MAXL to CFH 0.421 0.341 - 0.501 0.996
MAXH to BH 0.484 0.403 — 0.565 0.699
MAXH to CFH 0.439 0.359-0.519 0.135
Discussion

Using morphologic features of the bones is the basis of
gender determination in anthropology and forensic medi-
cine. For this purpose, each of the bone diameters has ac-
curacy in determining the gender which is different be-
tween various races (20). Foot bones are sexually dimor-
phic, and they remain good after postmortem damages so
they are suitable for sex identification. In this study, we
evaluated the calcaneus diameters for gender determina-
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tion in the Iranian population.

We reported that all four diameters of MAXL, MAXH,
BH, and CFH were significantly different between the two
genders; therefore they can be used in gender determina-
tion in the Iranian population. Also, by analyzing the area
under the ROC curve, acceptable specificity and sensitivi-
ty were obtained for each of the diameters.

Scott et al. reviewed nine calcaneal measurements in the
Thai population and reported that all nine measurements
were significantly different between the genders, which
was similar to our study (14). Scott reported higher accu-
racy of sex determination for MAXL, MAXH, BH and
CFH than the numbers that we have achieved. Scott used
the skeletons to measure calcaneal indexes manually but
in this study, we used radiologic images and computerized
measuring which yields a higher accuracy which might be
the cause of the difference seen between the two studies.

Peckmann et al. studied the same 9 measurements in the
Greek population. He also reported that all nine indexes
had significant differences between the sexes. The cut off
points calculated by Peckmann were lower than our cutoff
points which is predictable because of the racial differ-
ences. This difference shows that skeletal measurements
are highly population specific (13).

Kim et al. evaluated 10 markers on the calcaneus for sex
differentiation in the Korean population (21). Kim’s re-
sults were aligned with our results. In his study, the
MAXL and minimum breadth of the bone had the highest
accuracy for sex determination. Our study also showed the
MAXL as the most reliable diameter for sex determina-
tion. Bidmos et al. measurements showed that the MAXL
is more different between the genders and has a higher
accuracy for gender determination (22).

Zakaria et al. studied the calcaneal diameters and angles
use for gender determination in Egyptians (15). He used
X-ray images of the foot to calculate the angles and length
as we did in this study. The study showed the same results
that the calcaneal diameters are reliable in sex determina-
tion but he reported that calcaneal angles are not signifi-
cantly different between the sexes.

This study evaluated the calcaneal diameters in the Ira-
nian population for the first time. Most of the studies in
the field use human remains and skeletal libraries to gath-
er the measurements manually. But in this study, we used
computerized X-ray images from the live population
which is more accurate than manual measurements.

Conclusion

It can be concluded that the calcaneal diameters are reli-
able criteria for sex determination. Although the cutoff
points are different between various races and popula-
tions, it is evident that these diameters can be used for sex
determination in general.
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