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ABSTRACT
Background: Assessment of stature from measurement of percutaneous body parts is important for identification.
This assessment can be done from long bones, especially tibia and femur. Tibia is ideal in this context as it is
subcutaneous, and measurement is easy. Various regression equations correlating stature with percutaneous length of
tibia (PCLT) are outdated, incorrect or inappropriate. So, the present study aimed at finding a recent relationship, and
if possible, correlation between PCLT and stature.
Methods: PCLT and stature of 470 subjects of Burdwan district, West Bengal, India, were recorded.
Results: New regression equations were derived from the data, taking into consideration the racial, geographic,
secular and gender differences. After determining that PCLT and stature were related and positively correlated, the
newly formulated regression equations were evaluated and found to be statistically significant.
Conclusions: The new regression equations derived from this study could be employed for more accurate estimation
of stature.
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INTRODUCTION
Stature is one of the important parameters for
identification of an individual. Stature can be estimated
from long bones, especially tibia and femur, as these have
a direct correlation to the height of an individual. Lower
limb length is the greatest contributor to standing height;
hence most predictive equations for height are based on
length of lower limb or its long bones. Tibia is ideal in
this context as it is subcutaneous, and measurement can
be done easily.

Assessment of height of individuals from measurement of
body parts has been of immense interest to anatomists,
anthropologists and forensic medicine experts.
Various studies have been conducted in this respect and
different regression equation formulae derived to
correlate height with percutaneous length of tibia
(PCLT).1-5 Pelin IC et al, compared the accuracy of
formulae designed for Turkish people to the accuracy of
formulae devised for other populations and found that the
Trotter-Gleser formula for Mongoloids was the closest.6
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Pearson, whose data from 1899 is still used largely for
stature estimation even nowadays, laid down a regression
formula for the estimation of living stature (S) from
cadaver long bone length - (from tibia (T) alone and from
femur (F) and tibia (T) together) (Table 1).7
The researches of Trotter and Gleser, Dupertutis and
Hadden, and Trotter is the basis for estimation of stature
not only for American Whites and Blacks but was
actually meant to solve the whole problem of statural
reconstruction as such.8-12 Trotter and Gleser had

concluded that: ‘There is a reasonably and relatively
constant average stature which is devoid of any trend of
variation for all the 4 groups born between 1840 and
1895. There is a tendency for the Black American
population (both male and female) to slightly increase in
stature from 1895 to 1905.
A significant increase in male stature is present in
individuals born between 1905 and 1924. Stature trend
thus presents minor fluctuations in the nineteenth century
followed by rapid increase in the twentieth century. 9

Table 1: Pearson’s regression formulae for the estimation of living stature (S) from cadaver long bone length- (from
tibia (T) alone and from femur (F) and tibia (T) together.

Regression formulae

Males
S = 78.664+3.378 T
S = 71.272+1.159 (F+T)
S = 71.441+1.220 F+1.080 T

Females
S = 74.744+2.352 T
S = 69.154+1.26 (F+T)
S = 69.561+1.117 F 1.125 T

Other studies have been performed to derive formulae for
Europeans, Mongoloids, Negroids, South Africans, etc.1316
For east India and India (then United provinces) Pan
and Nat respectively had derived multiplying factors for
different long bones (e.g. stature: tibia ratio) as given in
Table 2.17,18

of Burdwan medical college and hospital were enlisted
after getting proper informed consent. Subjects with
history of trauma or fracture of leg, achondroplasia or any
congenital or hereditary bone disease were excluded. In
total 480 subjects were included, but 10 were rejected due
skeletal deformities.

Table 2: Multiplication factor to get stature.

The institutional ethics committee approved the study.
Age, sex, standing height (by standard Stadiometer) and
tibial length were recorded. For tibial length, subjects
stood erect so that thigh and flexor surface of leg were at
90-degree angles. Distance between the medial most
point on upper border of medial condyle of tibia, and tip
of medial malleolus of tibia were measured. Data was
used for simple regression or formulation of multiplying
factors.

Tibia

Pan
Male
4.49

Female
4.46

Nat
Male
4.48

But there are numerous drawbacks to all the abovementioned studies. For example, there has been
considerable change in body size since Trotter and
Gleser’s work; so, it is quite possible that their formulae
are inappropriate for modern application. Pan and Nat’s
worked more than five decades ago; hence, the growth
pattern which prevailed at that time may have changed
now, and the formulae derived then might not yield
satisfactory results at present. Stature is influenced by
many factors like age, gender, race, geographical climate,
nutrition, genetic factors, etc. So, the correlation factor of
one region will not hold good for another. Lastly, in
many cities and towns, cosmopolitan pattern of
distribution of people are found, to which Pan’s or other’s
formulae cannot be applied. For all these reasons, the
present study was planned to find out a recent
relationship, and if possible, correlation between the
PCLT and stature of an individual.

The bivariate pair (length of tibia and supine length was
tested for linearity and the relationship between the pair
i.e. the correlation coefficient (r) was calculated using the
following formulae19

As a regression equation is represented by a straight-line
y = a + bx, for computation of the slope or regression
coefficient (b) the following formulae was adopted 20

METHODS
This was a cross sectional study for one year. Patients
and patient party attending the OPD and medical students

Where ‘n’ is the sample size for males and females.
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The intercept /constant or additive factor (a) was obtained
as follows are the sample means of y and x respectively.21

Replacing the values of ‘a’ and ‘b’ the regression
equation of the sample population was obtained.
Regression equations for male and female cadavers were
obtained separately.
To determine how reliable these regression equations are
likely to be, the confidence limits for ‘a’ and ‘b’ were
calculated using the following formulae 22
a+ t (0.05) X Sa and b+t (0.05) X Sb
where Sa is the estimated standard error associated with
the constant (a), Sb is estimated standard error of
regression coefficient (b), and t(0.05) is the ‘t’ value at
0.05% level of significance.
The equation which has been formulated should be
statistically significant in the sense that it should depend
upon the regression coefficient (b); thus, b should not be
zero. The null hypothesis b = 0 and new hypothesis that b
>0 was set up to ascertain the dependency of the
regression equations on the regression coefficient (b). 5%
significance level was chosen for testing the hypothesis.
Testing whether ‘b’ was significantly greater than zero or
not involved the following steps23
At first ‘t’ value was calculated using the formulae

was calculated with 40 degrees of freedom (n-2 for
males) in numerator and 30 degrees of freedom (n-2 for
females) in the denominator as follows:
F= Larger squared standard error/Smaller squared
standard error
The F value was then compared with the critical F values
from the statistical table.
RESULTS
The study included 260 males and 210 females. Age of
males and females ranged from 20 to 59 years (mean 31.3
years) and 20 to 49 years (mean 27.18 years)
respectively. To find out whether stature (y) was related
to tibial length (x), the correlation coefficient (ryx) was
calculated by the formulae described in “Materials and
methods. ryx was 0.94 for both males and females, which
shows that x and y are highly correlated (Table 3).
Table 3: Descriptive statistics of the sample.
Statistical parameters
Sample size
Standing height
Mean
Range
Sample SD
Population SD
Tibial lengths
Mean
Range
Sample SD
Population SD
Correlation coefficient (ryx)
Standard error of estimate

Males
260

Females
210

159.15
141.6-176.2
+7.76
+7.593

157.12
139-175.5
+7.60
+6.011

34.14
27.2-41.8
+3.06
+2.730
0.94
+0.19

32.72
26.8-39.8
+2.65
+2.118
0.94
+0.18

This calculated ‘t’ value was then compared with the
critical ‘t’ scores at 5% level.

Similarly, regression equations were derived using
formulae described in “Materials and methods’ (Table 4).
The S.E. of estimate was quite low.

Also, 95% confidence intervals of prediction of y values
were calculated using the formulae19

Table 4: Formulation of new regression equations of
stature from tibial length.

Where x0 = some value of x (here minimum, maximum
and mean values were taken).
Whether the regression coefficient of males and females
were significantly different or not and hence the
justification for the formulation of separate equations was
tested by calculation of F values as follows 20
The square of standard error of estimate of male sample
and female sample were calculated and the squared
standard error were compared using a F test. The F value

For
males

Regression coefficient (b)
Constant (additive factor/
intercept) (a)
Regression equation
SE of estimate
Correlation coefficient (ryx)
Regression coefficient (b)
Constant (additive factor /
intercept) (a)
Regression equation
SE of estimate
Correlation coefficient (ryx)

2.38
77.77
S=77.77+2.38 T
+0.19
0.94
2.69
69.11
S=69.11+2.69 T
+0.18
0.94
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Hence, the scatter of data along the regression lines was
minimal and goodness of fit of the data points in drawing
the regression lines was easily achieved. Tests of
significance of ‘a’ and ‘b’ were carried out and ‘t’ value
calculated using formulae described in “Materials and
methods’. For both males and females, ‘t’ was much
higher than the critical values of ‘t’ (0.05) with 40
degrees of freedom (n-2) and 30 degrees of freedom (n-2)
respectively. Hence, the null hypothesis was rejected.
Thus, it is not realistic to assume that the regression
coefficient of the population is zero.
The 95% confidence intervals for the predicted values of
stature ‘y’ gives an idea of the range of values within
which estimated stature as derived from the formulae,
may lie for a given value of tibial length. Thus, after
determining that tibial length and stature were positively
correlated, the formulated regression equations were seen
to be statistically significant.
DISCUSSION
There were 53% of subjects in this study were of age
group 25 to 35 years. This has implications: for example,
the regression equations that have been obtained are from
data contributed mostly by this young age group. Some
authors like Trotter and Gleser had suggested that, in
estimating stature 0.06 x (age in years - 30) cm should be
subtracted for aged subjects. Thus, the factor of decrease
in stature with older age does not have much influence in
the formulation of the present regression equations.
Sample SD of standing height for both males and females
closely approximated the population sample SD (Table
3). Thus, the sample very closely represented the actual
population from which it was drawn.
To test whether the correlation coefficients were
significant or not the null hypothesis H: ρ=0 (ρ=
population correlation coefficient) was set up. The
computed ’f’ was found to be much greater than the
critical ‘t’ value at the chosen level of significance. The
null hypothesis (ρ=0) was ejected. The computed ryx for
both males and females was thus considered significant
(p<0.05).
This study tried to justify the formulation of two separate
equations for males and females. This was important
because most Indian researchers had formulated
common/single regression equations or multiplying
factors for both males and females. By comparing the
squared standard error of males and females using an F
test, it was found that the computed F exceeded the
critical F value.
The null hypothesis was rejected and thus the regression
coefficient male was significantly different from b
female. Thus, the same formula cannot be used, and
separate formulae as suggested, for males and females
have to be used.

Regression equations for estimation of stature was
calculated as follows:
For males: S = 77.77+2.38 T (SE of estimate + 0.19)
For females: S = 69.11+2.69 T (SE of estimate + 0.18)
Regression lines were drawn with 95% confidence limits
for direct estimation of stature from the given tibial
length.
Some Indian authors had derived a common regression
equation, which are closer to the stature calculated in
present study. For example, stature (158.29cm, i.e.
difference of -2.43cm) given by Joshi’s equation (S =
80.97+2.206 T) is quite close to that given by the present
study.24 But Patel’s formula (S = 65.51+2.203 T) gives a
noticeable underestimation of stature (145.06cm, i.e.
difference of-17.99cm).25 The reason for the difference
between the above mentioned studies and present study
might be due to common regression equations formulated
for both males and females in the studies, whereas in
present study we have different formulae for the two
sexes.
Stature calculated from regression equations formulated
by Singh gives an intermediate value (150.44cm, which is
-13.59cm less).26 Siddique’s regression equation also
gives a stature (151.16cm, which is-12.87cm less) neither
close nor too distant from stature derived from the
present study.27 Singh’s and Siddique’s values may vary
from ours because they both have multiplication factors
for males only. Further, these studies were carried out on
populations different from that of present study.
Stature calculated from regression equations formulated
by most foreign authors are quite different from the
stature derived from the present study.28-30 An exception
is Trotter and Gleser’s equation for Black Negroes which
underestimated male stature by only 0.81cm and female
stature by 1.27cm. Thus, Trotter and Gleser’s equation
for Black Negroes closely corresponds with the
estimation of stature as calculated from the present
formula. Other popular formulae could not correctly
estimate the stature of the population of eastern India.
Thus, the present regression equations, which has taken
into consideration the racial, geographic, secular and
gender differences of tibial length, could be employed for
more accurate estimation of stature of the average
population of Burdwan district of West Bengal.
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