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ABSTRACT: The present research is aimed to introduce Heel–ball (HB) index from foot dimensions and determine whether this index exhibits
sexual dimorphism. The study was conducted on a sample of 303 North Indian individuals (154 men, and 149 women) aged between 13 and
18 years. The stature, body weight, foot breadth at the ball (BBAL), and foot breadth at heel (BHEL) were measured. The HB index was derived by
the formula BHEL · 100 ⁄ BBAL. Although the mean HB index was larger in women in both feet it showed statistically significant sex differences
in the right foot only. The study shows that while the foot dimensions show a positive correlation with stature and weight, the HB index is indepen-
dent of the stature and weight of an individual. This novel index (HB index) may be utilized in sex determination when a part of the foot is brought
for medico-legal investigation.
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The widespread use of biological evidence to identify victims
and criminals in the course of law enforcement investigations,
criminal court proceedings, and victim service provider issues has
had a significant bearing in recent years and hence, new subdisci-
plines of forensic science became an essential part of crime investi-
gations. Forensic podiatry is one such subdiscipline of forensic
science to have emerged in the recent past. One of the essential
tasks of the forensic podiatrist is to identify human remains from
the feet by analyzing foot measurements or foot characteristics of
the deceased (1,2). ‘‘Sex’’ is considered as one of the ‘‘big four’’
parameters in forensic identification besides, race, age, and stature
(3).

The issue of personal identification from feet is very pertinent as
feet are often recovered from the site of mass disasters, both natural
as well as man made (4). Studies have been conducted with regard
to personal identification from feet in forensic examinations (5–9).
Previous studies have calculated regression formulae for the estima-
tion of stature from various dimensions and segments of feet
(4,10,11) and have classified sex on the basis of foot measurements
and observations made on some of the parameters of feet (12–15).
Grivas et al. (16) attempted to formulate a kind of anthropometric
data bank for its future use in forensic identification. Krishan et al.
(12) and Moudgil et al. (17) determined the foot index and studied
its reliability in sex determination. The foot index, however, cannot
be estimated in cases where a part of foot is brought for medico-
legal investigations.

The present research introduces a novel index from foot dimen-
sions: the Heel–ball (HB) index, which may be useful in sex deter-
mination when a part of the foot is brought for medico-legal
investigation. The aim of the present study is to determine whether
the HB index exhibits sexual dimorphism and to find if it can be
used as a tool for sex determination in forensic examinations.

Material and Methods

The study was conducted on a sample of 303 North Indian ado-
lescents comprising 154 men and 149 women. The subjects
belonged to three villages in Tehsil Kalka, District Panchkula in
Haryana state of Northern India. The age of the subjects ranged
from 13 to 18 years (mean age in men and women was 15.8 € 1.7
and 15.5 € 1.6 years, respectively).

Besides stature and body weight, anthropometric measurements
that were taken on the subjects included foot breadth at the ball
(BBAL) and foot breadth at heel (BHEL). The foot measurements
were taken on both the right and left sides. Different landmarks on
the foot are described in Table 1 and illustrated in Fig. 1. The fol-
lowing measurements were taken with standard procedures and
landmarks defined by Krishan (4), Robbins (18), and Vallois (19).

Stature

Stature is the vertical distance between the point vertex (highest
point on the head when the head is held in Frankfurt horizontal
plane) and the floor. The stature was recorded after the subject was
made to stand in an erect posture barefoot and without any head
coverings. The subject was asked to stand up against the wall with
hands hanging down, feet axis parallel or slightly divergent, with
the head in Frankfurt horizontal plane. The stature was recorded
using the anthropometer. No pressure was exerted because this is a
contact measurement.
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Foot Breadth at Ball (BBAL = mt.l ) mt.m)

Foot BBAL was measured between the metatarsal lateral (mt.l),
the most lateral point on the metatarso-phalangeal joint of toe-five
and the metatarsal medial (mt.m), the most medial point of the
metatarso-phalangeal joint of toe-one. This forms the widest part of
the foot at the ball.

Foot Breadth at Heel (BHEL = ctu.l ) cc.m)

The heel is composed of the calcaneum (calcaneous) bone. It
contains bony projections or tubercles on its medial and lateral
sides in the posterior aspect of the bone. The landmarks on the heel
are associated with these identifiable points of reference on the cal-
caneum. Foot BHEL was measured between the calcaneal tubercle
lateral (ctu.l), the most lateral side of the calcaneum and calcaneal
concavity medial (cc.m), the most medial side of the calcaneum.
This forms the widest part of the foot at the heel.

All the measurements were taken by a trained physical anthro-
pologist (NP) using standard instruments; the anthropometric rod
and sliding caliper. Measurements were recorded in centimeters to
the nearest millimeter.

Statistical Analysis

The data obtained were computed and analyzed using Statistical
Package for Social Sciences (SPSS, version 11.0) computer soft-
ware (SPSS, Inc., Chicago, IL). The HB index was derived by the
formula BHEL · 100 ⁄BBAL. The significance of results was
tested using Student’s t-test. A paired t-test was performed to com-
pare the foot dimensions of the right and left side. Karl Pearson’s
correlation coefficient was derived to find a correlation between
stature, weight, and foot dimensions in an individual. p-Value of
<0.05 was considered as significant.

Results and Discussion

Descriptive statistics for the foot measurements are presented in
Table 2. Stature, weight, and foot measurements were significantly
larger in men than women (p < 0.001). Our findings in this regard
are consistent with those reported in earlier studies on foot dimen-
sions worldwide (9,20–24). However, in contrast to our study on
the 13–18 years age group, the earlier studies were conducted on
different adult age groups; Fessler et al. (20) on Americans, Kan-
chan et al. (21) on North Indian Gujjars aged between 18 and
80 years, Agnihotri et al. (22,23) on Mauritians aged between 18
and 30 years, and Krishan and Sharma (9) on North Indian Rajputs
aged between 17 and 20 years. Our study thus suggests that the
men–women differences in foot dimensions are well established in
the adolescent group. In adolescents, the foot measurements are
naturally correlated with age, but the phenomenon is complicated
by differences in rates of growth between the individuals (25). The
average adult length of foot is attained by the age of 16 years in
men and 14 years in women (26,27).

Right–left differences in the BBAL and BHEL are shown in
Table 3. BBAL was larger on the left, and BHEL was larger on
the right side in both men and women. Both the foot measurements
(BBAL and BHEL) showed a statistically significant bilateral
asymmetry (p < 0.001) in women. Among men, however,

TABLE 1—Landmarks used in foot measurements, and their description.

Landmark Description

Metatarsal medial (mt.m) Most medial point of the
metatarso-phalangeal joint of toe-1

Metatarsal lateral (mt.l) Most lateral point on the
metatarso-phalangeal joint of toe-5

Calcaneal tubercle lateral (ctu.l) Most lateral side of the calcaneum
Calcaneal concavity medial (cc.m) Most medial side of the calcaneum

FIG. 1—Diagram of foot showing the landmarks and measurements.

TABLE 2—Descriptive statistics of foot dimensions (cm) in men and women.

Men (n = 154) Women (n = 149)

t-ValueRange Mean SD Range Mean SD

RBBAL 8.0–11.9 9.9 0.7 7.6–10.1 8.9 0.5 14.659*
LBBAL 8.0–11.6 9.9 0.7 7.7–10.3 9.1 0.5 13.734*
RBHEL 5.0–7.4 6.4 0.5 5.1–6.7 5.9 0.4 10.600*
LBHEL 4.9–7.4 6.3 0.5 4.9–6.8 5.7 0.4 10.440*

SD, standard deviation; RBBAL, right foot breadth at the ball (mt.m ) mt.l); LBBAL, left foot breadth at the ball (mt.m ) mt.l); RBHEL, right foot
breadth at heel (cc.m ) ctu.l); LBHEL, left foot breadth at heel (cc.m ) ctu.l).

*p < 0.001.
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significant right–left differences were only observed for BHEL.
BBAL was significantly larger on the left side in women, while
BHEL was larger on the right side in men and women. The foot
bears the weight of the body and the act of walking itself is a con-
tinuous strain over the heel and foot. It is therefore not surprising
to note that the foot that is under more stress during walking and
weight-bearing becomes physically better developed (4). The heel
stabilizes the weight of the whole body as we walk or perform
activities like twisting and dancing, while the ball region is exposed
to increased stress during running. We propose these to be the
likely contributors in the asymmetry of ball and heel regions. The
exact cause for asymmetry on a particular side in our study, how-
ever, cannot be explained and is a matter of further investigation.

The HB index was derived and the descriptive statistics for the
index, stature, and weight are shown in Table 4. The mean HB
index was larger in women than men in both feet. However, the
HB index showed statistically significant sex differences in the
right foot only. An overlapping of men and women values for HB
index was observed. The degree of correlation was estimated
between stature, weight, foot dimensions, and HB index. It was
apparent that while the foot dimensions showed a positive correla-
tion with stature and weight, the HB index did not show any corre-
lation with the stature and weight of an individual (Table 5). Thus,
while the sex differences in foot measurements are dependent on
the body build of an individual, the HB index is independent of
these variables.

In the past, studies have been conducted on the foot with regard
to forensic examinations where the authors have worked on sexual
dimorphism (12,20,22,24), stature estimation (9,21), and uniqueness
of the foot and footprints (28,29). Other areas include the associa-
tion of the foot with the footwear at the crime scene (30,31), radio-
graphic and anatomic examination of foot bones in forensic
examinations (32–39), and correlation of hand and foot dimensions
for personal identification in mass disasters (5). Moudgil et al. (17)
have studied the foot index as a possible parameter to determine
sex in forensic examinations. Krishan et al. (12) in a study con-
ducted on Rajputs of North India demonstrated that the sex can be
determined from the foot dimensions using sectioning point and
regression analysis with reasonable accuracy. The study indicated
that foot breadth had a better accuracy in sex determination than

foot length and that the foot index was a poor sex indicator. In the
present study, the mean HB index was larger in women than men
in both feet. Because no attempt has been ever made to devise an
index such as the proposed HB index in the present study, findings
of the present study can not be compared per se.

Conclusion

DNA analysis in forensic identification provides the most reliable
results. However, it is yet to be used routinely in the developing
countries owing to its lack of cost-effectiveness at this time. Stan-
dard techniques in forensic anthropology, hence, continue to play a
foremost role in the identification of human remains.

It has been observed that the HB index is independent of the
stature and weight of an individual. It can be considered a better
sex determinant because it is not influenced by the body build of
an individual. However, in medico-legal investigations, the signifi-
cance of the HB index in sex determination remains limited
because of significant overlapping of the men and women values.
Further studies on larger samples are proposed to confirm the find-
ings on this preliminary study. The HB index needs further explo-
ration on footprints so that the comparison of this index on feet
and footprints can be made.

Acknowledgments

This study is a part of Master's Degree dissertation submitted
to the Department of Anthropology, Panjab University, Chandi-
garh, India. The authors are thankful to the department for fund-
ing data collection and providing all the facilities for
conducting this research. Many thanks to the Principals of Gov-
ernment Schools located in villages Nanakpur, Marranwala and
Bassolan of Tehsil Kalka, District Panchkula in Haryana state
of North India for allowing data collection. The authors grate-
fully acknowledge the voluntary participation and cooperation
of the subjects during data collection. Thanks are also due to
honorable Padamshree Professor R.C. Sobti, Vice-Chancellor of
Panjab University, for constant encouragement of research and

TABLE 4—Descriptive statistics for stature (cm), weight (kg), and derived indices in men and women.

Men (n = 154) Women (n = 149)

t-ValueRange Mean SD Range Mean SD

Stature 134.4–184.7 163.1 10.1 141.7–183.9 154.3 5.9 9.264**
Weight 25.0–76.0 45.0 9.7 28.0–64.0 40.9 6.9 4.254**
RHB index 55.7–79.6 64.3 3.7 58.8–72.6 65.5 3.0 2.980*
LHB index 55.7–72.6 63.1 3.3 55.8–72.2 63.7 3.3 1.687

SD, standard deviation; RHB, right heel ball; LHB, left heel ball.
**p < 0.001, *p < 0.05.

TABLE 5—Pearson’s correlation (r) between stature, weight, foot
measurements, and derived indices in right and left foot (n = 303).

Variable

Right Foot Left Foot

Stature Weight Stature Weight

BBAL 0.683* 0.656* 0.682* 0.670*
BHEL 0.657* 0.683* 0.665* 0.683*
HB index 0.008 0.079 0.049 0.100

BBAL, foot breadth at the ball (mt.m ) mt.l); BHEL, foot breadth at heel
(cc.m ) ctu.l); HB, heel ball.

*p < 0.001.

TABLE 3—Side (right–left) differences in foot dimensions (cm) among men
and women.

Right–Left

Men (n = 154) Women (n = 149)

t-Value p-Value t-Value p-Value

BBAL )0.449 0.654 )4.554 <0.001
BHEL 6.551 <0.001 5.586 <0.001

BBAL, foot breadth at the ball (mt.m ) mt.l); BHEL, foot breadth at heel
(cc.m ) ctu.l).
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its publication in American journals of international repute like
the Journal of Forensic Sciences.
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