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Abstract  
Introduction: There is an established relationship between stature and various body parts like head, trunk, upper and lower extremity. This 

allows forensic expert to estimate stature from different parts of the body. Many studies have been conducted in many ethnic groups to 

estimate stature from hand and foot dimensions.  

Objectives: The purpose of this cross sectional study is to estimate stature from hand and foot dimensions in South Indian origin student 

population. 

Materials and Methods: Four anthropometric measurements viz. hand length, hand breadth, foot length and foot breadth were taken 

independently on the left and right side of each individual. Besides these, stature and weight of each subject were also recorded. Only right 

handed subjects were included in the present study.  

Results: In this cross sectional study of south Indian population, hands and feet dimensions were utilized to predict the stature of a person. 

The study includes 398 persons (149 males and 149 females) aged between 17 and 30 years. The average stature among males was 167.6 ± 

6.2 and ranged between 151cm and 167.6cm. The average stature among females was 152.5 ± 4.9 and ranged between 142cm and 165cm. 

Males have larger hand and foot dimensions than females. The sex differences are highly significant in left foot length, right foot length, 

left hand breadth and right hand breadth; and significant in right foot breadth. All the parameters of hands and feet showed statistically 

significant positive correlation with stature in the present study and thus can be successfully utilized for stature estimation.  

Conclusion: The present cross sectional study emphasizes the utility of dimension of hands and feet in estimating stature by law 

enforcement agencies and forensic scientists, especially in mutilated and dismembered human remains.  
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Introduction 

Anthropometric technique commonly used by 

anthropologists and adopted by medical scientists has been 

employed to estimate stature for over a hundred years.
1
 In 

the last half of the 20
th

 century, studies have been more 

vigorous when skeletal collections have been assembled in 

many parts of the world.
2
 The stature of an individual is an 

inherent characteristic; its estimate is considered to be an 

important assessment in the identification of unknown 

human remains. There is an established relationship 

between stature and various body parts like head, trunk, 

upper and lower extremities. This allows a forensic expert to 

estimate stature from different parts of the body. It is 

common to find the peripheral parts of the body such as 

hand and foot in explosions, aircraft and railway accidents. 

Many studies have been conducted in different ethnic 

groups to estimate stature from hand and foot dimensions.
3-6

 

There is paucity of such studies in south Indian population. 

An attempt has been made in the present study to estimate 

stature from hand and foot dimensions of south Indians and 

to conduct a comparative study between them. 

 

Materials and Methods 

Materials for this cross sectional study consists of all 

students and staff of South Indian origin of A.J. Institute of 

Medical Sciences & Research Centre, Mangalore, 

Karnataka who are willing to participate in the study 

comprising of both the genders in the age group of 17-30 

years belonging to various parts of South India (Karnataka, 

Kerala, Tamil Nadu, Andhra Pradesh & Union territories of 

Lakshadweep & Pondicherry) during the period from 

September, 2012 to September, 2014. Due permission was 

taken from Institutional Ethics Committee of A.J. institute 

of Medical Sciences & Research Centre, Mangalore for the 

conduct of the study. 

Methods for the study consisted of measuring various 

hand and foot dimensions of these students. Four 

anthropometric measurements viz. hand length, hand 

breadth, foot length and foot breadth were taken 

independently on the left and right side of each individual. 

Besides these, stature and weight of each subject were also 

recorded. Only right handed subjects were included in the 

present study. All the measurements were taken in a well 

lighted room. Before taking the measurements, each subject 

was asked to remove the shoes. The measurements were 

taken by one observer (AS) in order to avoid inter-observer 

error. 

Diurnal variations have been reported in the stature of 

an individual;
7
 thus, all measurements were taken during 

afternoon hours to avoid diurnal variations, if any. The 

measurements were taken using standard anthropometric 

instruments in centimeters to the nearest millimeter. All the 

measurements are recorded on a prestructured proforma. 

Stature is measured as the vertical distance between the 

vertex and the floor, where the vertex is the highest point on 

the head when the head is held in Frankfurt Horizontal (FH) 
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plane. Hand length is projected distance between the points 

inter-stylion (middle point of the line connecting the point 

stylion radiale, i.e., the most distal point on the styloid 

process of radius and stylion ulnare, i.e., the most distal 

point on the styloid process of ulna and the tip of the third 

finger using Digital pointed Vernier calipers). Hand breadth 

is the distance between the most prominent point, outside of 

the lower epiphyses of the 2nd metacarpal (metacarpal 

radiale., i.e., point most medially projected on the head of 

the 2nd metacarpal when the hand is stretched) to the most 

prominent inside point of the lower epiphyses (metacarpal 

ulnare, i.e., Metacarpal- ulnare: It is the point projecting 

most laterally from the head of the 5th metacarpal) of the 

5th metacarpal using Digital pointed Vernier calipers. Foot 

length is the distance from the most backward and 

prominent part of the heel (pternion) and the most distal 

part of the longest toe of the foot (acropodian). Foot 

breadth is measured perpendicular to the long axis with 

sliding calipers as a straight distance between the 

metatarsale fibulare and metatarsale tibiale with the foot in 

a fully stretched position with a Digital pointed Vernier 

calipers. The foot length of each individual was measured 

with a Digital pointed Vernier calipers as a straight distance 

between the pternion and acropodian with the subject 

standing upright with equal pressure on both the feet. 

Base line data will be represented using tables. 

Statistical analysis was carried out using IBM SPSS 

Statistics (IBM Inc., version 17 for Windows) software 

package to calculate linear and multiple regression 

equations and compute multiplication factor. Multiplication 

factors for hand and foot dimensions were calculated by 

dividing the stature of an individual by hand and foot 

dimensions, respectively for each subject in males and 

females and dividing the sum by the sample size. Pearson‟s 

correlation coefficient was calculated to establish the 

correlation between the stature and the hand and foot 

dimensions. Paired sample t-test was performed to find the 

right and left side differences in hand and foot dimensions 

among males and females. The significance of results was 

tested using Student‟s t-test. p-Value of less than 0.01 was 

considered as significant. 

 

Results 

The present study consists of a cross sectional sample of 

298 students and staffs (149 males and 149 females) of 

south Indian origin from A. J. Institute of Medical Sciences 

and Research Centre, Mangalore, ranging in age from 17 to 

30 years belonging to various regions of south India. 

The average stature among males was 167.6 ± 6.2 and 

ranged from 151cm and 167.6cm. The average stature 

among females was 152.5 ± 4.9 and ranged between 142cm 

and 165cm. All the values of all the measurements in case 

of males are higher than females. These sex differences are 

highly significant (p< 0.001) in left foot length, right foot 

length, left hand breadth and right hand breadth; and 

significant (p< 0.01) in right foot breadth. The mean 

difference, standard difference and t values are higher in 

cases of males and are statistically significant. (p<0.01) No 

significant statistical differences are found in the 

measurements of hand length, hand breadth, foot length and 

foot breadth in both sides. 

The comparison of stature with other anthropometric 

measurements in males, observed that, correlation is 

significant at the 0.01 level (2-tail) in the left hand length 

measurement and at 0.05 level (2-tail) in the right hand 

length, left hand breadth and right foot breadth 

measurements. It is observed that, correlation is significant 

at the 0.01 level (2-tail) in the left hand length measurement 

and at 0.05 level (2-tail) in the right hand length 

measurements. 

Linear regression generally accepted in the form of 

y=a+bx, where „y‟ is the value to be estimated, which is 

stature; „a‟ is the regression coefficient of the dependent 

variable, „b‟ is the regression coefficient of the independent 

variable that is hand length, hand breadth, foot length, and 

foot breadth of both the sides and „x‟ is the measurement of 

hand or feet. Table 8 presents the linear regression equations 

for various parameters of hand and feet derived by the 

statistical analysis in males. 

Table 1 exhibits linear regression equations predicting 

stature using various parameters of hands and feet in males. 

The equation also presents standard error of estimate (SEE). 

The SEE predicts the deviations of estimated stature from 

actual stature. It ranges between ± 6.04 to ± 6.16 in relation 

to parameters of hand and ± 6.15 to ± 7.15 in relation to 

parameters of feet. A low value indicates the greater 

reliability in the estimated stature. Left hand length and left 

foot breadth exhibits a lower value in males and gives better 

reliability in prediction of stature. 

 

Table 1: Linear regression equations derived by the 

statistical analysis in males 

Stature = 135.40 + 1.687 (RHL) SEE ± 6.116 

Stature = 129.81 + 2.015 (LHL) SEE ± 6.038 

Stature = 155.64 + 1.465 (RHB) SEE ± 6.158 

Stature = 151.67 + 1.984 (LHB) SEE ± 6.129 

Stature = 180.48 - 0.499 (LFL) SEE ± 6.211 

Stature = 170.12 - 0.094 (RFL) SEE ± 6.232 

Stature = 153.24 + 1.548 (LFB) SEE ± 6.154 

Stature = 150.79 + 1.789 (RFB) SEE ± 7.146 

 

(RHL= Right Hand Length; RHB= Right Hand Breadth; 

LHL= Left Hand Length; LHB= Left Hand Breadth; RFL= 

Right Foot Length; RFB= Right Foot Breadth; LFL= Left 

Foot Length; LFB= Left Foot Breadth) 

 

Table 2 exhibits linear regression equations predicting 

stature using various parameters of hands and feet in 

females. The SEE ranges between ± 4.76 to ± 4.87 in 

relation to parameters of hand and ± 4.88 to ± 4.89 in 

relation to parameters of feet. Left hand length, right foot 

length and left foot breadth exhibits a lower value in males 

and gives better reliability in prediction of stature. 
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Table 2: Linear regression equations derived by the 

statistical analysis in females 

Stature = 125.35 + 1.53 (RHL) SEE ± 4.789 

Stature = 128.56 + 1.38 (LHL) SEE ± 4.760 

Stature = 157.90 - 0.73 (RHB) SEE ± 4.874 

Stature = 158.14 - 0.79 (LHB) SEE ± 4.870 

Stature = 152.83 - 0.02 (LFL) SEE ± 4.893 

Stature = 158.14 - 0.23 (RFL) SEE ± 4.883 

Stature = 148.02 + 0.50 (LFB) SEE ± 4.883 

Stature = 152.12 + 0.04 (RFB) SEE ± 4.893 

 

(RHL= Right Hand Length; RHB= Right Hand Breadth; 

LHL= Left Hand Length; LHB= Left Hand Breadth; RFL= 

Right Foot Length; RFB= Right Foot Breadth; LFL= Left 

Foot Length; LFB= Left Foot Breadth) 

 

Multiple regression was calculated similarly to the linear 

regression but here the independent variables are two or 

more, like hand length, hand breadth, foot length, and foot 

breadth. Table 3 illustrates the multiple regression equations 

for estimation of stature by using hand and feet 

measurement on the left side for males and Table 4 

illustrates the multiple regression equations for estimation 

of stature by using hand and feet measurement on the right 

side for males. The range of standard errors of estimation in 

case of multiple regression is smaller than that of 

linear regression obtained, this reveals the fact that the use 

of multiple parameters is superior than use of single 

parameter. And hence the accuracy in estimation is much 

better with a smaller range of error in estimation. 

In Table 3 equations are computed using left side of the 

male population studied. Equation number 1 where all the 

parameters are used to derive the equations, in 2
nd

 equation 

only the length and breadth of hands are used and while in 

equation number 3, the measurements of foot is used. 

 

 

Table 3: Multiple regression equations for estimation of stature by using hand and feet measurement on the left side for 

males 

Left side 

1 Stature 147.91 + 2.21(HL) + 0..38(HB) -1.07(FL) + 0.30(FB) ± 5.997 

2 Stature 129.74 + 1.74(HL) + 0.66(HB) ± 6.050 

3 Stature 167.20 - 0.57(FL) + 1.61(FB) ± 6.147 

 

(HL=Hand Length; HB= Hand Breadth; FL= Foot Length; FB= Foot Breadth) 

 

In Table 4 equations are computed using right side of the male population studied. Equation number 1 where all the 

parameters are used to derive the equations, in 2
nd

 equation only the length and breadth of hands are used and while in 

equation number 3, the measurements of foot is used. 

 

Table 4: Multiple regression equations for estimation of stature by using hand and feet measurement on the right side for 

males 

Right side 

Stature 146.37+ 1.51(HL) - 0.06(HB) - 0.67(FL) + 1.13(FB) ± 6.116 

Stature 136.97 + 1.41(HL) + 0.46(HB) ± 6.133 

Stature 158.74 - 0.33(FL) + 1.88(FB) ± 6.130 

 

(HL=Hand Length; HB= Hand Breadth; FL= Foot Length; FB= Foot Breadth) 

 

Table 5 illustrates the multiple regression equations for estimation of stature by using hand and feet measurement on the left 

side for females, and Table 6 illustrates the multiple regression equations for estimation of stature by using hand and feet 

measurement on the right side for females. 

In Table 5 equations are computed using left side of the female population studied. Equation number 1 where all the 

parameters are used to derive the equations, in 2
nd

 equation only the length and breadth of hands are used and while in 

equation number 3, the measurements of foot is used. 

 

Table 5: Multiple regression equations for estimation of stature by using hand and feet measurements on the left side for 

females 

Left side 

1 Stature 120.47 + 3.32(HL) -3.56(HB) -0.22(FL) +0.62(FB) ± 4.491 

2 Stature 124.13 + 3.19(HL) -3.72(HB) ± 4.481 

3 Stature 148.63 +0.51(FB)-0.03(FL) ± 4.900 

 

(HL=Hand Length; HB= Hand Breadth; FL= Foot Length; FB= Foot Breadth) 
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In Table 6 equations are computed using right side of the female population studied. Equation number 1 where all the 

parameters are used to derive the equations, in 2
nd

 equation only the length and breadth of hands are used and while in 

equation number 3, the measurements of foot is used. 

 

Table 6: Multiple regression equations for estimation of stature by using hand and feet measurements on the right side for 

females 

Right side 

1 Stature 160.63 + 2.29(HL) -1.30 (HB) - 0.36(FL) - 1.64(FB) ± 6.128 

2 Stature 147.13 + 1.90(HL) - 1.76(HB) ± 6.185 

3 Stature 183.60 - 0.08(FL) - 1.54(FB) ± 6.176 

 

(HL=Hand Length; HB= Hand Breadth; FL= Foot Length; FB= Foot Breadth) 

 

Comparison of actual stature and stature estimated from measurements of hands and feet are shown in Table 7. Estimation 

was calculated using the linear regression equations obtained by the study. The maximum, minimum and mean values of 

independent variables of each parameters are considered as represented in the table number 1 and 2, and the estimated stature 

is calculated for each parameters used in this study for both females and males. 

 

Table 7: Comparison of actual stature and estimated stature from measurements of hands and feet 

Estimated stature 

using regression 

equation for 

Males Females 

Minimum 

estimated 

stature 

Maximum 

estimated 

stature 

Mean 

estimated 

stature 

Maximum 

estimated 

stature 

Maximum 

estimated 

stature 

Mean 

estimated 

stature 

Right hand length 164.73 171.19 167.72 150.31 156.41 152.44 

Left hand length 163.84 172.34 167.63 150.25 157.25 152.45 

Right hand breadth 165.22 169.10 167.63 151.34 153.34 152.48 

Left hand Breadth 164.92 170.12 167.64 151.13 153.37 152.49 

Right foot length 167.50 168.05 167.70 151.67 153.30 152.64 

left foot length 168.78 167.39 166.52 151.41 152.52 152.46 

Right foot breadth 164.74 169.54 167.43 152.40 152.51 152.47 

Left foot Breadth 165.61 170.19 167.83 151.79 153.22 152.59 

Actual stature 151 183 167.65 142 165 152.47 

 

Discussion 

Stature estimation is an important factor in identification of 

commingled remains in forensic examinations. It can be 

achieved by anatomical and mathematical method.
3,8,9

 The 

anatomic method is generally preferred over mathematical 

method when the complete skeleton or cadaver is available. 

The anatomical method involves reconstruction of stature by 

measuring and adding together the lengths of a series of 

adjacent skeletal elements from the skull through the foot. 

The development of the anatomical method is attributed to 

Fully.
7
 Anatomical method provides best approximation of 

stature when applicable to skeleton or cadaver.
9-17 

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 make use of the measurements of one or more 

bones or body parts to determine stature. 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, necessitating  

 

 

different formulae are required for different population 

groups, different bones or body parts.
18

 Standard error of 

estimate thus needs to be considered giving a possible 

range of stature from a given bone/body part. Mathematical 

methods employed in stature estimation include 

multiplication factor and regression analysis. Forensic 

significance of these mathematical methods is based on the 

principle that there is a high linear correlation between an 

individual‟s stature and the body part or bone length. 

Studies have shown that hand dimensions vary in 

different races. Nigerian female hand was found to be wider 

and shorter than that of their foreign counterparts.
19

 A 

significant difference was found in hand lengths of females 

among Indians, west Europeans and natives of West Indies, 

while no difference was found in hand breadth.
20

 

Our study reveals that mean values of hands and feet 

measurement were higher in males when compared to 

females among all the parameters. This is in concurrence 

with other studies across the globe.
5,6,21

 This may be 

attributable to the fact that males are genetically taller than 

females, and age of puberty being two years later in males 

as compared to females give them additional time for 
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growth.
6,21

 This suggests that the formula for one sex cannot 

be applied to estimate stature for other sex. 

All the parameters of hands and feet showed 

statistically significant positive correlation with stature in 

the present study and thus can be successfully utilized for 

stature estimation. Left hand length is very highly 

significant among both the genders and showing higher 

degree of correlation with stature. Next in order of 

significance is right hand length in both the genders. Thus 

among both the genders left hand length is the best 

parameter to estimate stature in both the genders. The 

relatively low standard estimate of error for the hand length 

in males (± 6.038) and in females (± 4.760) ensures better 

precision in stature estimation. The presence of a positive 

linearity between the study variables and the stature 

facilitates formulation of regression equations which can be 

successfully utilized for stature estimation in south Indian 

population. 

Various studies around the globe in relation to 

estimation of stature from foot lengths 
4,21,

 
22,

 
23,24,25,26,27 

depicts a positive correlation between the foot length and 

stature, which ranged between 0.56 to 0.86 and 0.5 to 0.8 in 

males and females respectively, illustrating the importance 

of foot length in stature estimation. The value of correlation 

co-efficient as obtained in the present study was - for males 

and -0.06 for females. This is lower as compared to all the 

other studies. This low value of Pearson‟s correlation may 

be attributable to differences genetic and other 

environmental factors. Although several other Indian studies 

have been conducted for stature estimation from foot 

measurements, the present findings are not comparable to 

them as those studies are not conducted in similar 

population.
4,21,23,25,28,29,30

 Due to strong influence of genetic 

and environmental factors on the height of the individual, 

similarity of the study population is vital in formulating 

regression equations. 

Pearson‟s correlation coefficients of males and females 

for estimation of stature from hand length was almost 

identical in the present study (0.24 in males and 0.22 in 

females). Similar study across the nation reveals the 

negligible gender difference.
21,28,29

 

The Pearson‟s correlation coefficients obtained for 

these parameters for both thegenders in the present study are 

slightly lower but comparable to other studies around the 

globe.
21,31

 The observations of the present study suggest that 

these parameters can be utilized to formulate equations to 

predict stature. 

 

Conclusion 

The present study emphasizes the utility of dimension of 

hands and feet in estimating stature by law enforcement 

agencies and forensic scientists, especially in mutilated and 

dismembered human remains. The care must be taken to 

adopt population specific and gender specific formulae to 

ward off the influence of genetic and environmental factors 

like climate, nutrition etc.
6,32,33
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