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Abstract 

Aim and Objectives: Stature (body height) is an important and useful anthropometric parameter for identification of an 

individual. The present study was undertaken to set up a standard formulae to estimate stature from hand length and foot 

length in medical students of Nagpur region of Maharashtra state.  

Method: Four hundred healthy and normal adult medical students comprising of 200 males and 200 females in 18-25 years 

age group were included in the study. The hand length and foot length were measured independently on left and right side 

of each individual using a Sliding caliper and spreading calipers respectively. Stature of individuals was measured with the 

help of a Stadiometer.  

Results: The paired sample „t‟ test showed that the statistical difference between males and females on both sides was 

highly significant for all the measurements (p < 0.0001). The correlation between stature and various parameters studied in 

both the sexes were found to be positive and statistically highly significant (p < 0.0001). The correlation coefficient of foot 

length in both males and females together depicts higher correlation with stature than hand length with highest correlation 

coefficient 0.87. The correlation between stature and hand length as well as stature and foot length was higher in females 

than males. Linear and multiple regression equations for stature estimation were calculated separately for males and 

females as well as for both sexes together. 

Conclusion: The significant positive correlations between the explanatory variables and stature indicate that these variables 

can be successfully used to predict stature. 
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1. Introduction 

Personal identification is one of the main tasks of 

forensic research. Estimation of stature has been considered 

as one of the parameters of forensic anthropology and will 

assist in establishing the biological profile of a person [1]. 

Stature prediction occupies relatively a central position in 

anthropometric research. Anthropometry as adopted by 

medical scientist is described as a technique of expressing 

the form of human body quantitatively as it is the 

systematic collection and correlation of measurement of the 

human body [2]. Dimensional relationship between body 

segments and the whole body has been the focus of 

anatomists, scientists, and anthropologists for many years 

[3]. Body proportions and the dimensions of various body 

segments, including the long bones of their limbs and the 

bones of the foot and hand have been used to estimate 

stature [4]. 

Stature is the height of the person in upright 

posture and this parameter determine the physical identity 

of an individual. Before estimating stature, one must 

determine the race, sex, and age of the individual as stature 

varies with these variables. Potential stature refers to the 

stature of an individual who has not undergone skeletal 
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changes associated with the aging process. These changes 

do not occur in most people who are 30 years of age or less 

at the time of death [5]. Living stature refers to the stature 

of an individual who has undergone degenerative changes 

associated with the aging process which results in a 

decrease in stature. Most people who are 30 years old or 

older at the time of death have undergone some of these 

changes [5]. 

Regression analysis is one of the most heavily 

used statistical methods in physical anthropology. This is 

largely as a result of its ubiquity and wide availability in 

statistical packages. Many previous studies have been done 

to estimate the stature from length of different long bones 

using either multiplication factors or regression formulae 

[6-8]. Others have tried to estimate the stature using 

different body parts such as length of hand and foot; head 

length and arm span [9-11]. Here, we have made an attempt 

to find out correlation between hand length and foot length 

with stature and also to derive regression equations for the 

calculation of stature from hand length and foot length. 

 

2. Material and Method 

The study design was a cross-sectional one, total 

400 healthy and normal adult medical students of either sex 

(200 Male and 200 Female), age between 18-25 years and 

those having no obvious deformities or previous history of 

trauma to the hands or feet were selected for the study. 

Permission was obtained from the Head of Departments of 

medical colleges to conduct this study. After getting 

approval letter from Independent Ethics Committee, the 

study was started. Exclusion criteria included students with 

any musculoskeletal deformity like kyphosis, scoliosis, 

poliomyelitis, trauma etc. which will affect the normal 

measurements of hand and foot length, measurements 

excluded if any nail extending over the end of toe and other 

fingers, patients with pedal deformity or injury, abnormal 

heights like gigantism, dwarfism etc. 

The subjects were measured for the following 

parameters after obtaining written informed consent. 

2.1 Stature 

Measured as vertical distance from vertex (the 

highest point on the top of head) to the floor in mid-sagital 

plane with subject standing barefooted, on an even floor 

and the head being oriented in the Frankfurt‟s plane. It is 

measured with the help of Stadiometer (Anthropometer) 

[12]. Frankfurt‟s plane: The plane determined by the lowest 

points on the infra orbital margins and the tragion (the 

notch immediately above the tragus of the ear). This 

corresponds almost exactly to the plane of visual axis, 

which is obtained when the individual is looking straight in 

front of him. 

2.2 Hand Length 

Measured as straight distance from mid-point of a 

line connecting the styloid processes of radius and ulna to 

the most anterior projection of the skin of the middle finger. 

The hand is laid flat on a table. It was measured with the 

help of sliding calipers [13]. 

2.3 Foot Length 

Measured as straight distance from the most 

posterior projecting point on the heel to the tip of the most 

anterior projecting point of toe. With the subject standing 

erect, it was measured with the help of spreading calipers 

[13]. Before measuring the foot lengths, it was ensured that 

both the feet were firmly placed on a flat surface and 

ensuring that both feet bears the body weight evenly. 

Footrest was used for ensuring flat surface. The length is 

measured between most backward and prominent part of 

the heel and the most distal part of the longest toe of the 

foot. Second toe was considered as most prominent while 

measuring the foot length; wherever it was longer than the 

great toe. 

The measurements of hand length and foot length 

were taken from the limbs of both sides of the body. The 

measurements were taken in centimeters. The results were 

analyzed statistically. 

2.4 Statistical Analysis  

Statistical analyses were done using descriptive 

analytical methods which included Mean and Standard 

deviation, Pearson Correlation coefficient (r) Regression 

equation, students paired „t‟ test with and usage of graph 

pad software system.  

 

3. Observations and Results   

Table 1 represents the mean values ± standard 

deviations (S.D), maximum, minimum values and ranges 

for the measured parameters. In male subjects, the mean 

stature was 172.10 ± 6.479 cm and ranged between 159 cm 

to 186 cm. The average hand length of right side and left 

side were 18.96±1.189 cm and 19.01±1.091cms 

respectively whereas average foot length of right side and 

left side were 25.60±1.335 cm and 25.96±1.327 cm 

respectively. Similarly in female subjects, the mean stature 

was 158.58±12.268 cm and ranged between 147 cm to 171 

cm. The average hand length of right side and left side in 

female subjects were 17.64±0.834 cm and 17.59±0.874 cm 

respectively while the average foot length of left side and 

right side were 23.26±1.179 cm and 23.20±1.167 cm 

respectively. Hence the mean values of stature, hand length 

and foot length were found to be greater for males than 

females. 
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Table 1: Descriptive statistics of parameters studied in total sample 

 
Hand Length Foot Length  

Stature 
Right Left Right Left 

Minimum 15.8 16 20.3 20.7 147 

Maximum 21.5 21.6 29.2 29.0 186 

Range 5.7 5.6 9.2 8.3 39 

Mean 18.30±1.219 18.33±1.239 24.42±1.717 24.38±1.716 164.93±4.986 

 

All the parameters in the total sample exhibited 

statistically significant (P < 0.0001) positive correlations 

with the stature on both sides but the correlation coefficient 

of foot length depicts higher correlation with stature than 

hand length with highest correlation coefficient of 0.87. The 

correlation between stature and hand length as well as 

stature and foot length was higher in females than males, 

(Table 2).   

 

Table 2: Correlation coefficient (r) between dependant variable (stature) and explanatory variables (LHL, RHL, 

LFL and RFL) in the total sample, in males and in females 

Sex Parameters r ‘P’ value 

In Males 

Left Hand Length 0.66 

 < 0.0001 
Right Hand Length 0.72 

Left Foot Length 0.69 

Right Foot Length 0.66 

In Females 

Left Hand Length 0.74 

< 0.0001 
Right Hand Length 0.71 

Left Foot Length 0.79 

Right Foot Length 0.76 

In Both 

Left Hand Length 0.81  

Right Hand Length 0.80  

Left Foot Length 0.87  < 0.0001 

Right Foot Length 0.85  

 

The linear regression analysis of the data has 

provided the regression equations for each parameter to 

predict the height in both males and females together and 

in either male or female (Table 3). While multiple linear 

regression equation for the estimation of stature from 

combination of the dimensions of foot and hand in 

males, females and in both sexes, (Table 4). The multiple 

regression equations shows multiple correlation 

coefficients for RHL-RFL and LHL-LFL in males, 

females and both as 0.75 and 0.74 , 0.79 and 0.82 , 0.87 

and 0.89 respectively which were greater than the 

correlation coefficients of simple regression equations. 

Therefore the interpretation of these results suggested 

that the multiple regression equations were better 

indicators of stature estimation from hand lengths and 

foot lengths as compared to the simple linear regression 

equations. 

 

Table 3: Linear regression equations obtained for various parameters studied in males and females as well as in 

total sample were as follows:- 

Sex Measured parameters Linear regression equations 

In Males 

Left Hand Length Stature = 97.557+ 3.907 

Right Hand Length Stature = 98.108 +3.903 

Left Foot Length Stature = 86.001 + 3.369 

Right Foot Length Stature = 89.963 + 3.210 

In Females 

Left Hand Length Stature = 84.572 + 4.208 

Right Hand Length Stature = 83.260 + 4.269 

Left Foot Length Stature = 80.275 + 3.375 

Right Foot Length Stature = 84.155 + 3.200 

In  Both 

Left Hand Length Stature = 57.926 + 5.859 

Right Hand Length Stature = 58.310 + 5.849 

Left Foot Length Stature = 55.849+ 4.491 

Right Foot Length Stature = 57.778 + 4.404 
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Table 4: Multiple regression equations for various parameters studied in males and females as well as in total 

sample were as follows 

Sex Linear regression equations 

In Males 
Stature = 81.086 + 2.707 (RHL) + 1.551 (RFL) 

Stature = 75.404 + 2.110 (LHL) + 2.208 (LFL) 

In Females 
Stature = 72.470 + 2.075 (RHL) + 2.128 (RFL) 

Stature = 70.456 + 1.978 (LHL) + 2.299 (LFL) 

In  Both 
Stature = 46.780 + 2.474 (RHL) + 3.001 (RFL) 

Stature = 46.536 + 2.337 (LHL) + 3.115 (LFL) 
 

The equations also exhibit standard error of 

estimate (SEE). The SEE predicts the deviations of 

estimated stature from the actual stature. Table 5 shows the 

SEE values of all possible simple and multiple linear 

regression equations with respect to males, females and 

total sample. A low value indicates greater reliability in the 

estimated stature.  

 

Table 5:  R, R
2
, Adjusted R

2 
and SEE values of all possible (simple and multiple) linear regression equations 

with respect to males, females and total sample  

Sex DV EV(s) R (r) R
2
(r

2
) Adjusted R

2
 SEE 

Male Stature 

RHL 0.72 0.51 0.51 5.124 

LHL 0.66 0.43 0.43 6.075 

RFL 0.66 0.43 0.43 6.629 

LFL 0.69 0.47 0.47 6.429 

RHL&RFL 0.75 0.57 0.56 5.937 

LHL&LFL 0.74 0.55 0.54 6.303 

Female Stature 

RHL 0.71 0.51 0.51 5.250 

LHL 0.74 0.54 0.54 4.824 

RFL 0.76 0.57 0.57 4.579 

LFL 0.79 0.62 0.62 4.328 

RHL&RFL 0.79 0.63 0.62 4.782 

LHL&LFL 0.82 0.68 0.67 4.330 

Both ( M+F) Stature 

RHL 0.80 0.64 0.64 4.010 

LHL 0.81 0.66 0.66 3.832 

RFL 0.85 0.72 0,72 3.351 

LFL 0.86 0.75 0.75 3.175 

RHL&RFL 0.87 0.76 0.77 3.361 

LHL&LFL 0.89 0.79 0.78 3.161 

 

4. Discussion  

The results of the present study demonstrated that 

the length of the hands and feet show statistically significant 

positive correlation with stature of an individual. The 

presence of a positive linearity between the study variables 

and stature facilitates formulation of regression equations 

which can be successfully utilized for stature estimation in 

study population. 

In our study, the mean value of stature was higher 

in males as compared to females. Thus the mean values of 

all male parameters studied were higher when compared 

with mean values of female parameters; this result was 

correlated with other studies [14-16]. These statistically 

significances between males and females were due to the 

fact that fusion of epiphysis of bones occurs earlier in males 

than females. Males have about two more years of bone 

growth than females [14]. The present study showed 

bilateral symmetry for all the parameters studied in males 

and females. Studies conducted by Jasuja et al [17] reported 

significant asymmetry for foot length and Krishan et al [1] 

reported significant asymmetry for hand length. All the 

parameters of our study showed positive correlation with 

stature by Pearson correlation coefficient and thus results 

can be applied for stature estimation. The Correlation 

coefficients for right and left hand length in both sexes were 

0.80 and 0.81 respectively. Also for right and left foot 

lengths were 0.85 and 0.87 respectively. Therefore foot 

length was the best parameter for the estimation of stature in 

total subjects. This supports the findings of Khanapurkar et 

al [18].    

The value of correlation coefficient for males hand 

length was 0.72 and for females hand length was 0.74. 

Female hand length parameter showed statistically 

significant and highly positive correlation with stature than 

male hand length parameter. This was similar with the 

previous studies [14,18,19]. Similarly the value of 
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correlation coefficient for males foot length was 0.69 and 

for female foot length was 0.79. The difference in the 

correlation coefficients in males and females may be 

attributed to environmental, social and genetic factors. 

Female foot length showed statistically significant highly 

positive correlation with the stature than male foot length. 

This finding was similar with the study of Philip et al [20] 

and IIaperuma et al [21].  

 The presence of positive correlations between 

stature and other study parameters hand length and foot 

length facilitates formulation of regression equations which 

can be successfully utilized for stature estimation in the 

population. In the present study height was estimated using 

simple and multiple linear regression models, we compared 

the results of these models and found that the multiple linear 

regression models was better than simple linear regression 

model for estimating stature. The coefficient of 

determination (R
2
) values for RHL-RFL and LHL-LFL in 

male were 0.57 and 0.55 respectively which indicates 57% 

and 55% of the prediction of the height can be attributed to 

hand length and foot length of right side and left side 

respectively. Similarly the coefficient of determination (R
2
) 

values for RHL-RFL and LHL-LFL in female were 0.62 

and 0.68 respectively which indicates 63% and 68% of the 

prediction of the height can be attributed to hand length and 

foot length of right side and left side respectively. For both 

male and female the coefficient of determination (R
2
) values 

for RHL-RFL and LHL-LFL were 0.76 and 0.79 

respectively which indicates 76% and 79% of the prediction 

of the height can be attributed to hand length and foot 

length of right side and left side respectively.  

The multiple correlation coefficients „R‟ in both 

males and females together was 0.89, also R
2
 was 0.79. This 

means 79% of prediction of height can be done by hand 

length and foot length together while 75% of prediction of 

height could be attributed to foot length alone and 66% to 

hand length alone i.e. more accurate prediction of height 

can be done by multiple regression equation than simple 

linear regression equation. Similar to our results Krishnan et 

al [1] and Sanli et al [22] also stated that multiple linear 

regression model is best fitted than simple linear regression 

model for estimating height from hand length and foot 

length. It was observed that multiple regression equations 

were with highest values of R, R
2
, and adjusted R

2
 and with 

lowest values of SEE. Therefore the interpretation of these 

results suggests that multiple regression equations were the 

best indicators of stature estimation compared to linear 

regression equations. 

The result of present study shows that the 

dimensions of hand lengths and foot lengths can be 

successfully used for estimation of stature by law 

enforcement agencies forensic experts and anatomists. The 

only precaution which must be taken into consideration is 

that these formulae are applicable to the population from 

which the data have been collected. It is due to inherent 

population variations in these dimensions, which may be 

attributed to genetic and environmental factors like climate, 

nutrition etc.       

 

5. Conclusion  

In the present study, all the parameters correlated 

significantly with stature but foot length in both males and 

females together depicts higher correlation with stature than 

hand length. This significant positive correlation between 

the explanatory variables and stature indicate that these 

variables can be successfully used to predict stature. Also, 

study concluded that multiple linear regression analysis is 

better over simple linear regression analysis in accurately 

estimating stature.  
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