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ABSTRACT: Dismembered ⁄ severed human remains are frequently found in cases of mass disasters and criminal mutilation. Sex estimation from
foot dimensions, therefore, has a vital role in establishing personal identity. There is a paucity of literature on this issue from various Indian popula-
tions. The ‘‘Rajbanshi’’ is one such indigenous population located in the state of West Bengal, India. The present study attempts to estimate sex from
foot length, foot breadth, and foot index among 350 living adult Rajbanshi (175 men and 175 women) individuals (age range: 18–50 years). The
study concludes that foot dimensions show significant sex differences. Both sectioning point and regression analyses can be used to estimate sex from
foot dimensions. However, multiple regression models appear to have the maximum accuracy in sex differentiation. Although statistically significant
sex differences are evident for foot index, its practical utility appears to be limited because of considerable overlap.
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Personal identification is an important element in forensic
investigations, especially in cases of mass disasters and criminal
mutilation where dismembered ⁄ severed body parts are frequently
encountered. The main issues in the determination of the identity
of an individual are sex, age, race, and stature (1). Estimation of
stature and sex remains one of the most significant stages in estab-
lishing personal identity (2). With the recovery of a human foot
from the scene of a crime or disaster, anthropometric examinations
can provide valuable information about the stature and sex of the
individual. Over the last few decades, studies have been largely
conducted on the human foot for both ergonomic shoe design (3)
and forensic purposes (4–6). There has been extensive published lit-
erature on the estimation of stature from foot dimensions (1,7–13).
Although earlier researchers have attempted to estimate sex from
foot bones (14,15) and foot shape (3), studies on sex estimation
from foot dimensions among various populations are limited in
number (1,16,17).

The objectives of the present study, therefore, were to study sex
differences in foot measurements and to develop relevant statistical
formulae for estimation of sex from foot dimensions in the
‘‘Rajbanshi,’’ an indigenous Indian population. Contemporary India
is composed of a large number of ethnic and indigenous elements
having enormous amounts of ethnic and genetic diversity (18–22).
This extensive diversity among the Indian population is nurtured
to a large extent by the varied topography of the country (23). It
is now recognized that the Indian population comprises more than
a billion people and consists of 4693 communities with several

thousand endogamous groups (24). The northern part of the state of
West Bengal, India, popularly known as North Bengal comprises
six districts and is home to a number of indigenous populations.
The most widely distributed population among them is the Rajban-
shi (25).

Published scientific literature on various aspects of forensic sci-
ence, including estimation of sex from foot dimensions among the
indigenous populations of North Bengal, is virtually nonexistent.
Only recently has there been an attempt to determine stature from
foot dimensions among individuals belonging to the Rajbanshi
population (8). However, there are no conclusive and systematic
studies on the estimation of sex from foot measurements among
the Rajbanshis or related populations. Each racial group needs a
separate formula owing to racial and ethnic variations (26), a fact
that becomes very pertinent in the case of a diverse country such
as India. It has also been shown that the anatomic structure of the
foot shows ethnical and regional variations owing to congenital
conditions, climatic factors, physical activities, and nutritional
conditions (1). Hence, study of one homogenous population such
as the Rajbanshi will eliminate the possible variations in foot
dimensions owing to climatic, racial, and genetic factors.

Materials and Methods

This study has been performed in accordance with the ethical
standards laid down in the Helsinki Declaration of 2000 (27). All
the individuals who took part in the study gave their informed con-
sent prior to inclusion in the study. Necessary permissions have
also been given by the Gossainpur Gram Panchayet (a local gov-
ernment authority at the village level). The measurements for the
present cross-sectional study were recorded from 350 living adult
Rajbanshi individuals (175 men and 175 women). These individu-
als were the residents of two Rajbanshi-dominated villages called
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Dhansara and Dhanujote, both located in Gossainpur Gram Pancha-
yet, Naxalbari Block, Darjeeling district, West Bengal, India. The
Rajbanshi individuals were identified by their physical features, cul-
tural features, and surnames. The records of the Gram Panchayet
were also utilized for this purpose. All the individuals were adults

in the age range of 18 years to 50 years and were free from any
apparent symptomatic deformity of the foot and vertebral column.
Test subjects were interviewed regarding any previous history of
deformity, injury, or operation. The modified version of the scale
of Kuppuswamy, as proposed by Mishra and Singh (28), was uti-
lized to ascertain the socioeconomic status of the individuals. Rele-
vant data on family income, education, and nature of occupation
were recorded using prestructured and pretested schedules. Based
on the above-mentioned scale, all the individuals in this study
belonged to the lower socioeconomic class. Moreover, all the indi-
viduals included in this study were engaged in agriculture, thereby
controlling the twin factors of physical activity and nutritional con-
dition to a large extent.

All the subjects were barefoot at the time of recording the mea-
surements. Owing to the diurnal variation in stature (29), all the
subjects were measured during the morning hours prior to leaving
for their work. Foot length (FL) was recorded using a rod compass,
while foot breadth (FB) was recorded with the help of a spreading
caliper. All the measurements were recorded to the nearest millime-
ter following the method outlined by Singh and Bhasin (30). The

TABLE 1—Descriptive statistics: foot dimensions (cm) and foot index
among Rajbanshi men and women.

Sex Male (n = 175) Female (n = 175)

Variable Mean (S.D.) Range Mean (S.D.) Range

RFL 23.95 (1.1) 21.10–27.30 22.23 (1.1) 19.70–24.90
LFL 24.01 (1.1) 21.20–27.40 22.26 (1.1) 19.80–25.10
RFB 9.89 (0.5) 08.60–12.10 08.99 (0.5) 07.60–10.50
LFB 9.90 (0.5) 08.80–11.90 09.01 (0.5) 07.50–10.50
RFI 41.32 (1.8) 36.20–46.90 40.48 (2.1) 35.20–46.80
LFI 41.30 (1.8) 36.30–45.40 40.50 (2.1) 35.10–46.80

S.D., standard deviation; RFL, right foot length; LFL, left foot length;
RFB, right foot breadth; LFB, left foot breadth; RFI, right foot index; LFI,
left foot index.

FIG. 1—Frequency distribution of foot length (cm) among Rajbanshi men and women in right (RFL) and left foot length (LFL).
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foot index (FI) was calculated individually for each foot in men
and women using the formula: Foot index = (FB ⁄ FL) · 100.

The technical errors of measurement (TEM) that is an accuracy
index and measures the standard deviation between repeated mea-
sures (31) has been determined to check the consistency of the
data. Even though a number of methods of measuring inconsistency
are available, the preferred method involves calculation of relative
TEM and subsequently determination of the coefficient of reliabil-
ity (R) (32). The value of R ranges from 0 (not reliable) to 1 (com-
plete reliability). A value of above 0.950 is indicative of good
quality control and reliability (32). In this study, measurements of
FL and FB were recorded from 30 Rajbanshi individuals by two of
the authors (JS and SG) to calculate inter-observer TEM. The inter-
observer TEM for the right foot length (RFL) was 0.053, 0.071 for
the left foot length (LFL), 0.050 for the right foot breadth (RFB),
and 0.039 for the left foot breadth (LFB). Very high values for R
were subsequently obtained for RFL (0.997), LFL (0.999), RFB
(0.995), and LFB (0.996). Two repeated measurements were taken
on 30 individuals by one of the authors (SG) to calculate intra-
observer TEM. The intra-observer TEM for the RFL was 0.077,

0.065 for the LFL, 0.052 for the RFB, and 0.052 for the LFB.
Very high values for R were subsequently obtained for RFL
(0.998), LFL (0.999), RFB (0.999), and LFB (0.999). All the values
of R were appreciably higher than the cut-off value of 0.950, and
hence, the measurements were considered reliable. Subsequently,
all the measurements were recorded by one of the authors (SG).

The results were evaluated using SPSS for Windows (version
15.0). Descriptive statistics of FL, FB, and FI were obtained for
right and left sides. Homogeneity of variance was tested using
Levene’s test of equality of variance. For all variables, the p value
was observed to be statistically not significant (p > 0.05) thus
showing that the variance is the same for both the groups for all
the variables. Normality was tested using the Shapiro–Wilk test for
each of the variables groupwise, and p values observed were not
statistically significant (p > 0.05). Male and female sex differences
were evaluated using the paired t-test. Differences between the right
and left sides were also evaluated by the paired t-test. Sex determi-
nation from FL, FB, and FI was made by sectioning point and mul-
tiple regression analyses. The sectioning point was determined by
the formula: sectioning point = (mean male value + mean female

FIG. 2—Frequency distribution of foot breadth (cm) among Rajbanshi men and women in right (RFB) and left foot breadth (LFB).
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value) ⁄ 2. Accuracy of sectioning point analysis and regression anal-
ysis was tested using the study sample itself. While deriving regres-
sion models men were coded as ‘‘1’’ and women as ‘‘2.’’ For
testing the accuracy of multiple regression models in the study
sample, values up to 1.50 were considered as male and those above
1.50 as females.

Results and Discussion

The detailed descriptive statistics of the foot dimensions among
the Rajbanshi men and women are depicted in Table 1. The foot
dimensions are found to be significantly larger in men than in
women (p < 0.001). Frequency distributions of the foot dimensions
(FL and FB) among Rajbanshi men and women on right and left
sides are depicted in Figs. 1 and 2. The results of the present study
add credence to the earlier observations that female foot dimensions
are consistently smaller than those of the men in different human
populations (5,7,16). FL on the left side is significantly longer
among both men (t = )3.942, p < 0.001) and women (t = )2.318,
p < 0.05). With regards to FB, no significant differences were
observed between the two sides in men (t = 1.314, p > 0.05) and

women (t = 1.441, p > 0.05). Existing studies on the right- and
left-sided dominance in foot dimensions are inconclusive. In litera-
ture, right-sided dominance in foot dimensions (9,10) and dominant
left-sided foot dimensions (17,33) have been reported among men
and women in past.

The descriptive statistics of FI for men and women in the present
study are shown in Table 1. Statistically significant sex differences

TABLE 2—Percentage accuracy of sectioning points derived in the study
sample.

Variable S.P. Male (n = 175) Female (n = 175)

RFL 23.09 80.6% 82.9%
LFL 23.13 82.9% 81.7%
RFB 09.44 80.6% 84.0%
LFB 09.45 81.1% 81.7%
RFI 40.90 56.6% 58.9%
LFI 40.90 58.3% 58.9%

RFL, right foot length; LFL, left foot length; RFB, right foot breadth;
LFB, left foot breadth; RFI, right foot index; LFI, left foot index; S.P., sec-
tioning point; FL, foot length; FB, foot breadth; FI, foot index.

FIG. 3—Frequency distribution of foot index among Rajbanshi men and women in right (RFI) and left foot index (LFI).
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were observed for FI on the right (t = 3.831, p < 0.001) and the
left side (t = 3.723, p < 0.001). The FI is found to be larger in
men. A higher mean value of FI among men than women has also
been reported in a recent study among the Gujjars of North India
(16). However, this study by Moudgil et al. (16) did not find the
differences to be statistically significant (p > 0.05). The FI in the
present study has been observed to be marginally higher for the
right side among men and for the left side among women. The dif-
ferences between right and left sides within sexes are, however, not
statistically significant (p > 0.05). A statistically significant bilateral
difference in FI has, however, been reported in the study by Moud-
gil et al. (16). Frequency distribution of the FI in men and women
on right and left sides is depicted in Fig. 3.

Sectioning point analysis was utilized for the estimation of sex
from the foot dimensions, and FI subsequently derived from the
foot dimensions. The sectioning points derived for the foot dimen-
sions and FI are shown in Table 2 along with the percentage accu-
racy of sectioning points in the study sample from which they are
derived. It is evident that the sectioning points derived for foot
dimensions can estimate sex of an individual with reasonable accu-
racy. FL and FB thus appear to be strong predictors of sex.
Although statistically significant sex differences are observed for FI
in the present study (p £ 0.001), the FI is a poor and unreliable sex
indicator in the study sample owing to considerable overlapping of
the values and recognizing the fact that sex can be estimated by
pure chance with 50% accuracy. Hence, the derived indices do not
demonstrate any diagnostic value. Our findings confirm the find-
ings of Moudgil et al. (16) that FI cannot be used to estimate sex,
even though statistically significant sex differences exist in foot
measurements.

Multiple regression models derived for the estimation of sex
from FL and FB among Rajbanshi men and women in the present
study are shown in Table 3. The regression coefficients are found
to be statistically significant (p £ 0.001). Among men, regression
models could estimate sex correctly in 84% of individuals from the
right foot and 83.4% of individuals from the left foot. Sex was esti-
mated correctly in 84.6% of women from right foot and 84% of
women from the left foot using multiple regression models. The
percentage accuracy of multiple regression models in estimating
the sex of an individual in the present study is higher when
compared to sectioning point analysis. Findings of our study are
similar to observations of Zeybek et al. (1); their research, however,
reports a higher accuracy in sex estimation from foot measurements
using logistic regression analysis.

Conclusion

The present study has focused on the estimation of sex from foot
dimensions in the Rajbanshi population of North Bengal. It provides
the necessary methodology for the estimation of sex from foot
dimensions that is of immense value in forensic identifications
especially in cases of mass disasters and criminal mutilation. It can

be concluded that foot dimensions show significant sex differences
and that sex can be estimated from foot dimensions with reasonable
accuracy. The sex of an individual can be successfully estimated
using both sectioning point analysis and regression analysis. The
accuracy of sex estimation from foot dimensions, however, is
higher with multiple regression analysis than sectioning point analy-
sis. Even though significant sex differences exist in the FI, the prac-
tical utility of using this index in sex estimation remains limited.
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