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1. Introduction 

The use of anthropometry in the field of forensic science and 
medicine dates back to 1882 when Alphonse Bertillon, a French 
police expert invented a system of criminal identification based on 
anthropometric measurements. Since then, anthropometry has 
continuously been used in forensic examinations of unknown 
commingled human remains.1'2  Anthropomtery helps in recon-
struction of the biological profile of the deceased such as age, sex, 
ethnicity and stature.35  Among these 'big fours' of forensic 
anthropology, estimation of stature is considered as one of the main 
parameter of personal identification in forensic examinations. In the 
past, many studies have been conducted on estimation of stature 
from various measurements on different parts of human body.62  

There are two major methods of stature estimation in forensic 
investigations; the anatomical method and the mathematical 
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method. The anatomical method, more commonly referred to as the 
"Fully method" '13  reconstructs stature by summing the measure-
ments of the skeletal elements that contribute to height and adding 
a correction factor for the soft tissues. The mathematical method on 
the other hand is related to derivation of formulae that can be 
applied directly to estimate stature from a given bone/part of the 
body. The mathematical method makes use of the high linear 
correlation between the body parts and stature. One can utilize 
a regression equation that reflects the relationship between an 
individual's stature and the body part.14  Further two more methods 
of stature estimation; FORDISC 315  and revised Fully method 16  were 
developed. The mathematical methods of stature estimation from 
bones or various body parts utilize two methods; regression analysis 
and multiplication factor (MF) method. Earlier studies have utilized 
either or both mathematical methods in estimation of stature. 

Although some studies have stated that regression analysis 
method is more reliable than multiplication factor analysis 1719; 
none of the studies have demonstrated the extent of variability in 
estimated stature and actual stature using both the methods. The 
present study is an attempt to demonstrate the variability in esti-
mated stature and actual stature using multiplication factor and 
regression analysis method. 

1752-928xf5 - see front matter © 2012 Elsevier Ltd and Faculty of Forensic and Legal Medicine. All rights reserved. 
doi: 10,10161j.jfim.2011.12.024 
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Table 3 
Linear regression models derived for reconstruction of stature in males and females. 

Males (n = 123) 	 Females (n = 123) 

HL 	 87.332 + 4.450 (HL*) 	 84.539 + 4.238 (HL*) 
HB 	 102.110 + 8.169 (HB*) 	 120.414 + 4.843 (HB*) 
FL 	 69.544 + 3.995 (FL) 	 74.820 + 3.579 (FL) 
FB 	 124.336 + 4.616 (FB*) 	 111.232 + 5.224 (FB*) 

HL - Hand Length, KB - Hand Breadth, FL - Foot Length, FB - Foot Breadth, 
*p_value < 0.001. 

provides best approximation of stature when applicable to skeleton 
or cadaver. 24-30  To calculate the living stature of an individual using 
the anatomical method, correction factors that compensate for soft 
tissue also need to be added.31'32  However, when mutilated remains 
and skeletal parts are referred for personal identification in forensic 
examinations, the forensic experts have to rely upon mathematical 
methods for stature estimation. Mathematical methods utilize the 
measurements of one or more bones or body parts to estimate 
stature. Thus a distinct advantage of mathematical methods is that 
a single body part can be used to estimate the living stature of an 
individual. The main disadvantage of the mathematical method 
however, is that the stature estimated using these methods is not 
absolutely accurate owing to wide variations in dimensions of body 
parts, bones and statute in a population group. Standard error of 
estimate thus needs to be considered giving a possible range of 
stature from a given bone/body part. More over, different formulae 
are required for different population groups, different bones or 
body parts. 33  Mathematical methods employed in stature estima-
tion include multiplication factor and regression analysis. Forensic 
significance of these mathematical methods is based on the prin-
ciple that there is a high linear correlation between an individual's 
stature and the body part or bone length. 

Significant male-female differences its the stature, hand and 
foot measurements in the study have been demonstrated and 
discussed in our earlier studies.2022  Significant male-female 
differences were also observed for the multiplication factors 
derived for estimation of stature in the study. The sex differences in 
multiplication factors are attributed in general to the sex differ-
ences in male and female dimensions and stature. Linear regression 
models derived for reconstruction of stature in males and females 
represent a high degree of correlation between hand and foot 
measurements and the stature in males and females. On compar-
ative analysis of actual stature and stature estimated from multi-
plication factor and regression analysis in males and females, it was 
observed that the mean actual stature, stature derived from MF 
analysis and from regression analysis did not show any differences 
between them. However, the range of stature estimated from MF 

Table 4 
Actual stature versus stature estimated from multiplication factor and regression 
analysis in males and females. - 

Male (n = 123) 

Range Mean S.D. 

Female (n = 

Range 

123) 

Mean S.D. 

A Stature 147.5-183.5 1682 6.5 140.7-159.5 155.7 5.2 
MF Stature 

HL 147.5-192.9 168.5 8.5 140.1-178.1 155.8 7.7 
HB 149.9-206.9 168.5 9.0 128.8-179.5 153.9 9.1 
Fl. 148.8-196.1 168.4 8.3 139,9-170.7 154.9 73 
F6 146.0-196.5 168.6 9.8 531.6-175.7 153.5 8.4 

REG Stature 
HL 158.1-179.9 168.2 4.1 149.9-167.6 157.2 3.6 
HB 160.1-182.2 168.2 3.5 149.9-161.6 155.7 2.1 
FL 156.2-183.8 168.2 4.8 147.8-163.9 155.7 3.8 
FB 161.7-174.7 168.2 2.5 149.4-162.4 155.7 2.4 

A Stature- Actual Stature, MF Stature- Stature derived from multiplication factor 
analysis. REG Stature- Stature derived by regression analysis. HL - Hand Length, 
HB - Hand Breadth, FL- Foot Length, FB - Foot Breadth. S.D. - Standard Deviation. 

Table 5 
Error of estimate in stature estimation (estimated stature - actual stature) on 
application of multiplication factor and regression analysis in males and females. 

Male (n = 123) 	 Female (n = 123) 

Error of Maximum 	Maximum 	Minimum 	Maximum 

estimate Underestimation Overestimation Underestimation Overestimation 

MF analysis- 
HL 	-19.44 15.53 -1231 18.82 
HE 	-21.13 31.28 -25.83 16.75 
FL 	-09.92 17.99 -11.63 11.98 
FB 	-23.15 30.50 -19.98 19.75 

Regression analysis- 
HL 	-17.50 18.05 -'06.91 18.28 
HB 	-13.58 14.96 -11.81 14.58 
FL 	-12.58 11.82- -0836 07.89 
FE 	-15.50 15.34 -1334 17.02 

MF- Multiplication factor, HL - Hand Length, HB - Hand Breadth, FL- Foot Length, 
FB - Foot Breadth. 

analysis was broader than the actual stature while the range of 
stature estimated from regression analysis is narrower than that of 
the actual stature. The standard deviation of estimated stature from 
the MF analysis exceeds the actual standard deviation of stature, 
whereas the estimates from regression analysis have standard 
deviations lower than the actual stature. That itself suggests the 
limited utility of multiplication analysis in stature estimation. It is 
apparent from the range of estimated stature using MF and 
regression analysis that the MF analysis overestimates the 
maximum actual stature and underestimates the minimum actual 
stature whereas the regression analysis underestimates the 
maximum actual stature and overestimates the minimum actual 
stature. However, when error of estimate is calculated, the possi-
bility of maximum underestimation and overestimation of stature 
is significantly larger in multiplication factor analysis than from the 
regression analysis. 

A multiplication factor in stature estimation is the ratio of the 
stature to the respective measurement of bone or body part. A 
mean multiplication factor thus calculated is used for estimating 
stature in forensic examinations. The multiplication factor method 
is a well known method and used frequently for stature estima-
tion.34  The usefulness of these methods is generally assessed on the 
basis of mean error (error of estimate). The error of estimate is 
usually large whenever the multiplication factor method is used. 
This may be attributed to the fact that this method utilizes the 
means values of stature and dimensions and does not take into 
consideration the range and variation in the data. in statistics, 
regression analysis is a measure of numerical relationship between 
variables that are correlated with each other. Thus, regression 
analysis is an approach to modeling the relationship between 
a scalar variable y and one or more variables denoted x. In linear 
regression, models of the unknown parameters are estimated from 
the data using linear functions. Such models are called "linear 
models". Linear regression model refers to an equation wherein if 
one variable is known, the other can be estimated.35  In stature 
estimation by regression analysis method, stature remains the 
dependent variable and the long bone or a body part as indepen-
dent variable. A regression equation thus derived reflects the 
relationship between the body part and stature. Trotter and 
GLeser36'37  did pioneering work in this regard that is still considered 
as a groundbreaking study in the field. 

Authors in the past have observed that regression analysis is 
a better method to estimate stature than multiplication factor 
method. Jasuja et at.34  in their study observed a high mean error in 
the multiplication factor method and tried to evolve revised 
multiplication factors to reduce this error so that this method can 
be used more effectively with smaller error. Krisha&7'18  in his 



214 	 K. Krishan et at / journal of Forensic and Legal Medicine 19 (2012) 211-214 

studies on estimation of stature from foot, footprint and foot 
outline compared the two methods of stature estimation and 
observed that the reliability of stature estimation from regression 
analysis method was more than that of multiplication method. 
Sahni et al.19  in their study on stature estimation also observed that 
the stature estimation was more reliable and accurate with 
regression analysis method than that of multiplication factor 
method. However, none of these studies prove this with evidence 
or show the extent of variability that exists in the estimated stature 
with these two methods. 

5. Conclusion 

In the present study, when error of estimate was calculated in 
stature estimation using different methods, it was observed that 
the minimum and maximum error in estimating stature in the 
study group is significantly larger in multiplication factor analysis 
than from the regression analysis. The results of the present study 
show that the extent of error of estimate inherent in estimation of 
stature by regression analysis is less than that of multiplication 
method. Hence, confirming that the stature estimation is more 
accurate and reliable with regression analysis method. 
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2. Material and methods 	 Table 1 
Descriptive statistics of stature and hand and foot dimensions (cm) in males and 

2.1. Subjects 	
females. 

Male (is = 123) 	 Female (n = 123) 

The present study consists of a cross-sectional sample of 246 
subjects (123 males and 123 females) aged from 17 to 20 years. The 
subjects belong to a Rajput population of Himachal Pradesh State in 
North India. Rajput is an endogamous population and forms a major 
caste group of Himachal Pradesh State. This study is a part of a large 
study conducted on Raj puts of Himachal Pradesh and for comparing 
the common methods employed in stature estimation, utilizes the 
data used in previous studies. 20-22 

2.2. Anthropometric measurements 

Four anthropometric measurements i.e. hand length (HL), hand 
breadth (HB), foot length (FL) and foot breadth (FB) were taken on 
the left side of each subject. All the measurements were taken in 
a well lighted room using standard anthropometric instruments in 
centimeters to the nearest millimeter according to the techniques 
described by Vallois.23  The measurements were taken by one 
observer (AS) in order to avoid inter-observer error. All the land-
marks and techniques for taking measurements are described in 
Krishan and Sharma20  and Krishan et al .22  The measurement error 
was also calculated and the procedure for calculation of measure-
ment error was described in our earlier study. 22  Findings indicate 
that the technical error had a negligible contribution to the 
measurements and the measurements are reproducible without 
significant technical error. 

2.3. Statistical analysis 

The data obtained were computed and analyzed with SPSS 
(Statistical Package for Social Sciences, version 11.0) computer soft-
ware. A multiplication factor for stature estimation was derived by 
dividing stature by hand and foot dimension in each individual. Mean 
of multiplication factor derived in each individual was taken as the 
multiplication factor for the study group. Male-female differences in 
the stature, hand and feet measurements and for the derived multi-
plication factors for estimation of stature were compared using 
Student's f-test. Level of significance was set at p-value less than 0.05. 
Regression formulae were derived for stature estimation from hand 
(HL, HB) and foot dimensions (FL, FB) in males and females, keeping 
stature as the dependent and each hand or foot dimension as an 
independent variable. Multiplication factors and regression equation 
thus derived for each variable were applied in the study group itself 
and the stature was estimated. Actual stature and the estimated 
stature from multiplication factor method as well as from regression 
analysis method were compared and the error of estimate was 
calculated by finding the difference between estimated and the actual 
stature (Error of Estimate = Estimated stature .- Actual stature). 

3. Results 

Descriptive statistics for stature, hand and foot dimensions in 
males and females are shown in Table 1. Significant male-female 
differences were observed for the stature, hand and foot 
measurements (p  <0.001). Male dimensions were observed to be 
statistically larger than female. Descriptive statistics for the 
multiplication factors derived for the estimation of stature from 
hand and foot dimensions are shown in Table 2. Significant 
male-female differences were observed for the MF derived in the 
study (p < 0.05) except for the MF derived for HL that was almost 
similar in males and females (p = 0.712). Linear regression models 
derived for reconstruction of stature in males and females are 

Range Mean S.D. Range Mean S.D. 

Stature 	147.6-183.6 168.2*  6.5 140.7-169.5 155.7*  5.2 
HL 15.9-20.8 18.2* 0.9 15.1-19.2 16.8* 0.8 
HB 07.1-09.8 8.1* 0.4 06.1-08.5 07.3* 0.4 
FL 21.7-28.6 24.7* 1.2 20.4-24.9 22.6* 1.1 
F8 08.1-10.9 95* 0.5 07.3-09.8 08.5* 0.5 

HL - Hand Length, HB - Hand Breadth. FL - Foot Length, FB - Foot Breadth, 
S.D. - Standard Deviation, * - p <0.05. 

shown in Table 3. Hand and foot measurements show a significant 
correlation with the stature in males and females (p < 0.001). 

Actual stature and stature estimated from multiplication factor 
and regression analysis in males and females are compared in 
Table 4. Mean actual stature and stature derived from MF analysis 
and from regression analysis did not show any differences between 
them. However, it is evident that the range of stature estimated 
from MF analysis is broader and that from regression analysis is 
narrower than that of the actual stature. The standard deviation of 
estimated stature from the MF analysis exceeds the actual standard 
deviation of stature, whereas the estimates from regression anal-
ysis have standard deviations lower than the actual stature. It is 
apparent from the range of estimated stature using MF and 
regression analysis that the MF analysis overestimates the 
maximum actual stature whereas the regression analysis under-
estimates it. The minimum actual stature is mostly underestimated 
in MF analysis and overestimated in regression analysis. However 
when error of estimate was calculated, it is observed that with 
regard to the underestimation and overestimation of stature in the 
study group using multiplication factor and regression analysis, the 
error in estimating stature is significantly larger in multiplication 
factor analysis than that estimated from regression analysis. The 
maximum possible underestimation and overestimation of stature 
in the study group using multiplication factor and regression 
analysis is shown in Table 5. 

4. Discussion 

Stature estimation is an important factor in identification of 
commingled remains in forensic examinations. Of the two basic 
methods of estimating living stature from long bones and body 
parts i.e. anatomical and mathematical method '24  the anatomic 
method is generally preferred over mathematical method when the 
complete skeleton or cadaver is available. The anatomical method 
involves the direct reconstruction of stature by measuring and 
adding together the lengths or heights of a series of contiguous 
skeletal elements from the skull through the foot. The development 
of the anatomical method is attributed to Fully's studies on stature 
estimation. 13  Many authors consider that the anatomical method 

Table 2 
Multiplication factors derived for stature estimation from hand and foot dimensions 
(cm) in males and females. 

MF- male (is = 123) 	 MF- female (n = 123) 

Range 	Mean S.D. Range 	Mean S.D. 

HL 	08.39-10.37 	09.27 	0.4 	08.18-10.04 	09.28 	03 
H8 	17.93-24.06 	20.82* 	0.9 	19.00-25.16 	21.42* 	1.2 
FL 	06.23-07.31 	06.82* 	02 	0637-07.43 	06.89* 	0.2 
FB 	15.10-20.69 	17.73* 	0.9 	15.81-20.66 	18.33 	0.9 

MF- Multiplication Factor. HL-  Hand Length, HB - Hand Breadth, FL-  Foot Length, 
FB - Foot Breadth. S.D. - Standard Deviation, * - p <0.05. 


