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Physical Strength can be measured by means of hand grip strength. Hand grip strength 
varies greatly with age, anthropometric traits and somatotype when measured by hand 
dynamometer. Correlation of hand grip strength and various anthropometric 
measurements have been established in different populations. A total of 625 randomly 
selected normal healthy college male students (mean age 22.146 years) from nine 
different districts of West-Bengal, India were included as subjects in this study. Results 
indicate that significant positive correlations between all the anthropometric traits, body 
composition variables, somatotype components and right and left hand grip strength were 
found among the college students, except % skeletal mass and ectomorphy component 
which were significant negative correlation with hand grip strength. 
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Introduction 

The human hand is unique in being free of habitual locomotors duty and devoted entirely 
to functions of manipulation. Its effectiveness in these activities is due to particular 
configuration of the bones and muscles which permits opposition of the pulp surface of 
the thumb to the corresponding surfaces of the other four finger tips in a firm grasp, 
together with a highly elaborated nervous control and sensitivity of the fingers (Markze 
MW 1971). Hand grip strength (HGS) is an easily obtainable measure of physical health 
and muscle function. Hand grip strength is a physiological variable that is affected by a 
number of factors including age, gender and body size. Strong correlations between HGS 
and various anthropometric measurements (weight, height, hand length etc.) were 
reported earlier (Malina et al. 1987; Ross and Rosblad 2002; Singh et al. 2009; Koley and 
Singh 2009; Koley et al. 2009; Jurimae et al. 2009; Kaur 2009). 
 
The power of handgrip is the result of forceful flexion of all finger joints with the 
maximum voluntary force that the subject is able to exert under normal biokinetic 
conditions (Richards et al. 1996; Bohannon 1997) which uses several muscles in the hand 
and the forearm (Bassey and Harries 1993). 
 
There is good evidence that HGS is a strong indicator of health status, based on the 
incidence of disability, morbidity, and mortality in adult populations (Giampaoli et al., 
1999; Hughes et al., 1997; Laukkanen, Heikkinen, & Kauppinen, 1995). Elderly men 
who maintain a high HGS are, on average, at a lesser risk for disability and joint 
impairment. In addition, men with higher grip strength tend to live longer than those with 
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low HGS. HGS is related to mortality not only in elderly men but also in healthy, middle-
aged men (Rantanen et al., 2000). HGS corresponds with many morphological features 
related to health. There are significant positive associations between HGS and muscle 
mass (Kallman, Plato, & Tobin, 1990). HGS also varies as a function of developmental 
factors including nutrition, exercise, and health (Geliebter et al., 1997; Hunt, Rowlands, 
& Johnston, 1985). However, HGS, along with other measures of muscle strength, is 
strongly influenced by genetic factors (Arden & Spector, 1997; Fredericksen et al., 2002; 
Reed, Fabsitz, Selby, & Carmelli, 1991). 
 
Methods 

This study was performed with the participation of 625 young college levels male 
students (age range 18-25 years). The subjects were selected from nineteen (19) colleges 
located in nine (9) different districts of West-Bengal in India irrespective of their caste, 
religion, dietary habits and socio-economic status. Exclusion criteria were set upon my 
knowledge of some genetic, psychological, neurological or chronic diseases affecting 
hand function and anthropometric characteristics. The age of the subjects were calculated 
from the date of birth as recorded in their institution. Height of the subjects was measured 
with anthropometric rod to the nearest 0.5 cm (HG-72, Nexgen Ergonomics, Canada). 
Weight of the subjects was measured by using portable digital weighing machine to the 
nearest 0.5 kg. (‘Libra’ weighing machine, made in India). The six muscle girths (upper 
arm, fore arm, wrist, chest, thigh and calf) of the subjects were measured by using 
Freemans Flexible Steel Tape to the cm. Four bone diameters (humerus, Bistyloideus, 
femur and bimalleolus) of the subjects were measured by Lange Caliper (manufactured 
by GPM Swiss Med.) to the cm. Standard Harpenden Skinfold Caliper (GAIAM-PRO 
manufactured by “Baty International, Victoria Road, Burgess Hill, West Sussex, 
RH159LB, U.K”. The spring pressure of the skinfold caliper was 10 gm./mm2) was used 
for measuring eight skinfolds thickness (triceps, sub-scapular, suprailiac, pectoral, axilla, 
abdominal, thigh and calf) of the subjects. The skinfolds thickness of the subjects was 
recorded in mm. 
 
All the anthropometrics measurements of the subjects were taken right side of the body as 
per the direction of the Leon and The Koerner Foundation Study Group in 1973. 
Researcher was used the technical error of measurement (TEM) for evaluating the 
consistency, or precision, of the measurer on a given variable. The TEM is the square 
root of the sum of the differences between measures one and two squared, divided by 
twice the number of subjects. The TEM provides an estimate of the measurement error 
that is in the units of measurement of the variable. 
 
Table 1. Technical error of measurements of the present study and normal value of TEM 

Variables TEM of the Measurements Normal Value of TEM 

Height & Weight 0.00% 0.5% 

Breadths and Girths 0.01% 1.0% 

Skinfolds 0.9% 5.0% 
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For calculating body composition of the subjects following equations were used: 

Assessment of Body Mass Index (BMI): 
BMI = [Weight in Kg. ÷ (Height in m.)2] 
Measurement of % Body Fat as per Siri Equation (1956): 
% Body Fat = [(4.95 ÷ Body Density)-4.5] × 100 
Where body density was calculated as per Jackson and Pollock (1978) – seven sites 
equation: 
Body density = 1.112 – 0.00043499(∑7skf) +   0.00000055(∑7skf)2 – (0.00028826(X2) 
Where – ∑7skf = sum of 7 skinfolds i.e. Pectoral, Axilla, Abdominal, Suprailiac, 
Subscapular, Triceps and Midthigh. 
Assessment of Lean Body Mass (LBM): 
LBM = (Body Weight – Total Body Fat Weight) 
Measurement of Skeletal Muscle Mass (SMM) as per Poortman’s Formula (2005): 
SMM (Kg.) = Height[{0.0064 × (CAG)2} + {0.0032 × (CTG)2} + {0.0015 × (CCG)2}] + 
(2.56 × Sex) + (0.136 × Age) 
Where – Height in m.; Age in Years; Sex (Male = 1 & Female = 0); CAG = Corrected 
Arm Girth in cm. (Arm Girth in cm. – Triceps skinfold in cm.); CTG = Corrected Thigh 
Girth in cm. (Mid-Thigh Girth in cm. – Mid Thigh skinfold in cm.); CCG = Corrected 
Calf Girth in cm. (Calf Girth in cm. – Calf skinfold in cm.) 
Assessment of % Skeletal Muscle Mass (% SMM): 
% SMM = [SMM (Kg.) ÷ Body Mass (Kg.)] × 100 
Measurement of Skeletal Mass (SM) as per Drinkwater et al. Formula (1986): 
SM (Kg.) = [(HB + WB + FB + AB) ÷ 4]2 × ht × 0.92Kg. × 0.001 
Where - HB = Humerus Biepicondyler Diameter; WB = Bistyloideus Diameter; FB = 
Femur Biepicondylar Diameter; AB = Bimalleolar Diameter; ht = Height in cm. 
Assessment of % Skeletal Mass (% SM): 
% SM = [SM (Kg.) ÷ Body Mass (Kg.)] × 100 
Measurement of Body Surface Area (BSA) as per Mosteller’s Formula (1987): 
BSA (m2) = [{Height (cm.) × Weight (Kg.)} ÷ 3600]1/2 
 
Somatotype components (endomorphy, mesomorphy and ectomorphy) of the subjects 
were calculated according to Carter and Heath method (1990). 

Equation for Endomorphy: 
0.1451(X) - 0.00068(X)2 + 0.0000014(X)3 - 0.7182 
Where ‘X’ is the sum of the triceps, sub-scapular and suprailiac skinfold thickness 
multiplied by 170.18 ÷ height in cm. 
 

Equation for Mesomorphy: 
(0.858 × H.B.D) + (0.601 × F.B.D) + (0.188 × C.A.C) + (0.161 × C.C.C) – 
(Height × 0.131) + 4.5 
Where H.B.D = Humerus Bone Diameter; F.B.D = Femur Bone Diameter; C.A.C 

=  Corrected Arm Circumference (Arm Girth in cm. – Triceps Skinfold in cm.); 
C.C.C =  Corrected Calf Circumference (Calf Girth in cm. – Calf Skinfold in cm.) 
 
Equation for Ectomorphy: 
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If H.W.R. (Height in cm ÷ 3√weight in kg) is greater than or equal to 40.75 (≤ 
40.75) then  
Ectomorphy = (H.W.R × 0.732) – 28.58 
If H.W.R. is less than 40.75 but greater than 38.25 (> 40.75 but < 38.25) then 
Ectomorphy = (H.W.R × 0.463) – 17.63 
If H.W.R. is equal to or less than 38.25 (≥ 38.25) then  
Ectomorphy = 0.1 or recorded as ½ 

 
Handgrip Strength Measurement 
The grip strength of both right and left hands was measured using a standard adjustable 
digital handgrip dynamometer (Takei Scientific Instruments Co., Ltd., Japan) at standing 
position with shoulder adducted and neutrally rotated and elbow in full extension. The 
dynamometer was held freely without support, not touching the subject’s trunk. The 
position of the hand remained constant without the downward direction. The subjects 
were asked to put maximum force on the dynamometer thrice from both sides of the 
hands. The maximum value was recorded in kilograms. Anthropometric equipments and 
handgrip dynamometer were calibrated before each assessment. All subjects were tested 
thrice and the best of three attempts was recorded. Thirty seconds time interval was 
maintained between each handgrip strength testing. 
 
Data Analysis 
The acquired data was transferred to the computer and evaluated with SPSS (Statistical 
Package for the Social Sciences, version 16.0, SPSS Inc, Chicago, IL, USA). The 
descriptive statistics (mean, standard deviation, standard error of mean) were used and 
Pearson product moment correlation of coefficients was employed to determine the 
relationships of all measured parameters with grip strength. The level of statistical 
significance was set at p < 0.01.  
 

Results  
 
Table 2 shows the distribution of mean values, standard deviations and standard error of 
mean of anthropometric traits, body composition variables, somatotype components and 
hand grip strength of college level men students. Mean height (cm), weight (kg) and BMI 
of the college students were 168.20, 59.199 and 20.910 respectively. Mean % body fat, % 
skeletal muscle mass, % skeletal mass and lean body mass was 13.066, 49.661, 13.584, 
and 51.407 respectively. The mean somatotype of the Indian men college level students 
were endomorphic mesomorph (4.032-4.543-3.065). Mean right hand grip strength and 
left hand grip strength of the subjects were 48.594 kg. and 46.013 kg. respectively. 
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Table 2. Descriptive statistics of anthropometric traits, body composition, somatotype 
and hand grip strength 

 
  Mean S.D SE Mean 
 Age (Y) 22.146 2.288 0.092 

Anthropometric 
Traits 

Height (cm) 168.20 5.53 0.22 
Weight (Kg) 59.199 5.989 0.240 
BMI 20.910 1.704 0.068 
Upper Arm Girth (cm) 28.896 1.931 0.077 
Fore Arm Girth (cm) 24.911 1.360 0.054 
Wrist Girth (cm) 16.892 1.452 0.032 
Chest Girth (cm) 86.623 4.191 0.197 
Biepicondyler humerus (cm) 6.742 0.294 0.011 
Bistyloideus (cm) 5.365 0.311 0.012 

Body 
Composition 

% Body Fat 13.066 3.478 0.139 
% Skeletal Muscle Mass 49.661 3.559 0.142 
% Skeletal Mass 13.584 1.170 0.047 
Lean Body Mass (Kg) 51.407 5.036 0.201 
Body Surface Area (m2) 1.661 0.102 0.004 

Somatotype 
Endomorphy 4.032 0.967 0.038 
Mesomorphy 4.543 1.079 0.043 
Ectomorphy 3.065 0.960 0.038 

Grip Strength 
Right Hand (Kg) 48.594 5.228 0.209 
Left Hand (Kg) 46.013 5.167 0.207 

 
 

Pearson correlation of anthropometric traits, body composition variables and somatotype 
components with right handgrip strength and left hand grip strength was presented in 
Table 3. All the variables were statistically significant positive correlation at 0.01 level 
with right and left hand grip strength, except height, % skeletal mass, and Ectomorphy 
component which were statistically significant negative correlation at 0.01 level. Table 3 
indicate that the right hand (RH) and left hand (LH) grip strength of college students had 
significantly correlations with height (RH-r = 0.256; LH-r = 0.246), weight (RH-r = 
0.234; LH-r = 0.229), BMI (RH-r = 0.487; LH-r = 0.476), upper arm girth (RH-r = 0.505; 
LH-r = 0.481), fore arm girth (RH-r = 0.343; LH-r = 0.343), wrist girth (RH-r = 0.621; 
LH-r = 0.6152), chest girth (RH-r = 0.362; LH-r = 0.332), biepicondyler humerus (RH-r 
= 0.309; LH-r = 0.285), bistyloideus (RH-r = 0.116; LH-r = 0.112), % body fat (RH-r = 
0.116; LH-r = 0.112), % skeletal muscle mass (RH-r = 0.416; LH-r = 0.410), % skeletal 
mass (RH-r = - 0.086; LH-r = - 0.100), lean body mass (RH-r = 0.176; LH-r = 0.160), 
body surface area (RH-r = 0.128; LH-r = 0.126), endomorphy (RH-r = 0.174; LH-r = 
0.197), mesomorphy (RH-r = 0.662; LH-r = 0.627), ectomorphy (RH-r = - 0.554; LH-r = 
- 0.536). 
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Table 3. Pearson correlation of anthropometric traits, body composition and somatotype 
with hand grip strength 

 
  Grip Strength 
  Right Hand Left Hand 

Anthropometric 
Traits 

Height (cm) 0.256** 0.246** 
Weight (Kg) 0.234** 0.229** 
BMI 0.487** 0.476** 
Upper Arm Girth (cm) 0.505** 0.481** 
Fore Arm Girth (cm) 0.343** 0.343** 
Wrist Girth (cm) 0.6.21** 6.152** 
Chest Girth (cm) 0.362** 0.332** 
Biepicondyler humerus (cm) 0.309** 0.285** 
Bistyloideus (cm) 0.116** 0.112** 

Body 
Composition 

% Body Fat 0.151** 0.177** 
% Skeletal Muscle Mass 0.416** 0.410** 
% Skeletal Mass -0.086 -0.100** 
Lean Body Mass (Kg) 0.176** 0.160** 
Body Surface Area (m2) 0.128** 0.126** 

Somatotype 
Endomorphy 0.174** 0.197** 
Mesomorphy 0.662** 0.627** 
Ectomorphy -0.554** -0.536** 

** indicate p<0.01 
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Figure 1. Scatter plot of hand grip strength of college
students in respect to endomorphy component
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Figure 2. Scatter plot of hand grip strength of college students

in respect to mesomorphy component
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Figure 3. Scatter plot of hand grip strength of college students

in respect to ectomorphy component

 

Discussion 

Hand grip strength appears to be related to an ensemble of masculine-specific 
characteristics, and it believes that HGS in males is an indicator of selection during 
evolutionary history for overall physical strength among males. Earlier studies have 
established that the anthropometric traits, body composition and somatotype were the 
influencing factors of handgrip strength. The mean value of the hand grip strength of 
college male student was higher in the right hand (48.594) in comparison to left hand 
(46.013). As the right hand of the subjects was the dominant hand, the subjects showed 
greater grip strength in that hand than the non-dominant hand, which might be because of 
difference in muscle strength between two hands. Incel et al (2002) also reported that the 
hand grip strength is to be higher in dominant hand with right handed subjects, but no 
such significant differences between sides could be documented for left handed people. 
However, Bagi et al (2011) noted greater grip strength in the dominant hand both in cases 
of right hander and left handers. The findings  of this study were also supported by the 
work of O’Driscoll et al. (1992), and Richards et al (1996). They reported higher grip 
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strength values in the dominant hand compared to the non-dominant hand. However, 
there was a disagreement with above finding with that of the work done by Reikeras 
(1983) and Harkonen et al (1993) who reported that there was no significant difference in 
grip strength of dominant hand and non dominant hand. According to Rabergs and 
Roberts (1997) one explanation for the differences in grip strength may be due to the use 
of more muscle and muscular hypertrophy in the dominant hand which leads to increased 
strength. 
 
This study describes a positive association with grip strength to weight, BMI, all the 
muscle girths, % skeletal muscle mass and lean body mass.  Based on findings by 
Sartorio et al. (2002) and Kyle et al. (2005), it is reasonable to suppose that this pattern is 
related to fat free mass and other aspects of masculinity. The finding of this study show 
that HGS, BMI, all the muscle girths, % skeletal muscle mass and lean body mass highly 
correlate with each other. In case of height, a positive correlation with the hand grip 
strength can be the result of various factors such as with greater heights that would lead 
to longer arms, with greater lever arm for force generation, resulting in an efficient 
amount of force. Chatterjee and Chowdhuri (1991) concluded in the same direction that 
right and left hand grip strength was positively correlated with weight, height and body 
surface area. It is also reported that hand grip strength determines the muscular strength 
of an individual (Foo 2007). So, an increase in hand grip strength determines the physical 
strength of an individual. 
 
The somatotype components of endomorphy and mosomorphy both produced positively 
significant correlations with the hand grip strength; however, the mesomorphy 
component yielded higher correlation with grip strength than did endomorphy. On the 
other hand, ectomorphy component contributed negatively significant correlation with 
hand grip strength, as because Ectomorphy computed primarily from Height in cm ÷ 
3√weight in kg. 

Conclusion 

The findings of the present study would be of great value in medical anthropology 
research, and in physical therapy treatment strategies. In order to properly diagnose 
various musculoskeletal deformities, especially related to upper extremities, and for their 
rehabilitation, the assessment of normative values for handgrip strength and its 
association with physical and physiological traits is essential.  
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