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Abstract 

The purpose of this study was two-fold, firstly, to evaluate the anthropometric profile of Indian inter-

university basketball players and, secondly, to search the correlation of body mass index, % body fat, hand grip 

strength (right dominant) and Vo2max,with other anthropometric characteristics studied. Eleven anthropometric 

characteristics, four body composition parameters, two physical and two physiological variables were measured 

on randomly selected 60 inter-university Indian basketball players (35 males and 25 females) aged 18–25 years 

from Guru Nanak Dev University, Amritsar, Punjab, India with adequate controls (n = 102, 52 males and 50 

females). The results indicated that male basketball players were taller (6.63%) and heavier (7.31%) and female 

basketball players were slightly taller (0.31%) and lighter (3.74%) than their control counterparts.  One way 

analysis of variance showed significant (p ≤ .004 - .000) between group differences in all the variables (except 

hip circumference) between basketball players and controls. In basketball players, significantly positive 

correlations were found with BMI and other 12 variables, with percent body fat and 7 variables, with right hand 

grip strength and 12 variables and with Vo2max and other 9 variables, and significantly negative correlations 

were found with BMI and other 1 variable (% lean body mass), with percent body fat and other 6 variables, with 

right hand grip strength and other 2 variables and with Vo2max with other 3 variables. The findings of the 

present study might be useful in future investigation on player selection, talent identification in the game of 

basketball and its training program development.  

 

 

Key Words:  Anthropometric characteristics, Hand grip strength, Vo2 max. Indian inter-university basketball 

players. 

 

Introduction 

Though the game of basketball was invented and developed in North America, nowadays, it has become 

one of the most popular sports around the globe. During competitions and practice sessions, players are  

involved in heavy schedules which require careful short- and long-term planning of their training programs.    

Anthropometric dimensions and morphological characteristics play an important role in determining the success 

of an athlete (Rico-Sanz,1998; Wilmore and Costill, 1999; Keogh, 1999). Quite naturally, the interest in 

anthropometric characteristics and body composition of athletes from different competitive sports has increased 

tremendously over the last decades. It has been well established that specific physical characteristics or 

anthropometric profiles indicate whether the player would be suitable for the competition at the highest level in a 

specific sport (Claessens  et al., 1999; Bourgois et al., 2000; Reilly et al., 2000; Gabbet, 2000; Ackland et al., 

2003; Slater et al., 2005). These anthropometric and morphological parameters are the sensitive indicators of 
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physical growth and nutritional status of the sportspersons for their maximal performances (Wilmore and Costill, 

1999; Chatterjee et al., 2006).  

Several studies have examined the relationships between anthropometric and physiological 

characteristics of basketball players (Lamonte et al., 1999; Ackland et al., 1997; Bale, 1991; Bayios et al., 2006; 

Latin et al., 1994; Ostojic et al., 2006; Viviani, 1994; Apostolidis et al., 2004; Narazaki et al., 2008). But in 

Indian context the literature is scant in this regard. To fill the gap in the literature, the present study was planned.   

 

Materials and methodology 

 

Participants 

The present cross-sectional study is based on randomly selected 60 inter-university Indian basketball 

players (35 males and 25 females) aged 18–25 years (mean 17.69 years, ± 1.56) from Guru Nanak Dev 

University, Amritsar, Punjab, India. An adequate number of controls (n = 102, 52 males and 50 females, mean 

age 17.76 years, ± 2.11) with no particular athletic background were also collected from the same place for 

comparisons. The age of the participants were recorded from the date of birth registered in their respective 

institutes. The participants were divided in such a way that age 18 refers to the individuals aged 17 years and 6 

months through 18 years and 5 months and 29 days. A written consent was obtained from the participants. The 

data were collected under natural environmental conditions in morning (between 8 AM. To 12 noon). The study 

was approved by the local ethical committee. 

 

Measurements and calculations 

Eleven anthropometric variables, viz. height, weight, BMI, chest circumference, hip circumference, 

femur biepicondylar diameter, humerus biepicondylar diameter, biceps skinfold, triceps skinfold, subscapular 

skinfold and calf skinfold, four body composition parameters, viz. percent body fat, percent lean body mass, 

basal metabolic rate and water percent, two physical parameters, viz. right and left hand grip strength and two 

physiological variables, viz. heart rate and Vo2 max were taken on each subject. Anthropometric variables of the 

participants were measured using the standard techniques (Lohmann et al., 1988) and were measured in triplicate 

with the median value used as the criterion.  

 

Anthropometry 

The height was recorded during inspiration using a stadiometer (Holtain Ltd., Crymych, and Dyfed, 

UK) to the nearest 0.1 cm, and weight was measured by digital standing scales (Model DS-410, Seiko, Tokyo, 

Japan) to the nearest 0.1 kg. BMI was then calculated using the formula weight (kg)/height
2
 (m)

 2
.  Chest, hip 

and upper arm circumferences were measured by a flexible metallic tape (Holtain Ltd). Femur and humerus 

biepicondylar diameters, upper arm length, forearm length and total arm length were measured by sliding 

caliper. 

 

Body composition components 

Percent body fat was assessed using skinfold measurements taken  from four sites, viz. biceps, triceps, 

subscapular and calf using Harpenden skinfold caliper (Holtain Ltd, Crosswell, Crymych, UK) to the nearest 0.2 

mm, and using the Durnin and Womersley [(1974) skinfold equation. Percent lean body mass was calculated 

subtracting percent body fat from 100. Basal metabolic rate and water percent were assessed by Bioelectrical 

Impedance Analysis (Houtkooper et al., 1996).  

 

Hand grip strength 

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 participants 

were asked to put maximum force on the dynamometer thrice from both sides of the hands. The maximum value 

was recorded in kilograms. Anthropometric equipment and handgrip dynamometer were calibrated before each 

assessment. All participants were tested after 3 minutes of independent warm-up. Thirty seconds time interval 

was maintained between each handgrip strength testing.  

 

Physiological variables 

Heart rate was estimated manually. Vo2max was estimated by Queen’s College Step Test (McArdle et 

al., 1972). The instruments were calibrated prior to use and all measurements were taken on the subject’s right 

side. 

 

Statistical analyses 
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Standard descriptive statistics (mean ± standard deviation) were determined for directly measured and 

derived variables. One way analysis of variance was employed for the comparisons of data among Indian inter-

university basketball players and controls, followed by post hoc Bonferroni test (if differences were significant). 

Pearson’s correlation coefficients were applied to establish the relationships among the variables measured. Data 

were analysed using SPSS (Statistical Package for Social Science) version 14.0. An alpha level of p<0.05 was 

used to indicate statistical significance.  

 

Results  

Descriptive statistics of various anthropometric, body composition, physical, physiological and arm 

anthropometric characteristics in basketball players and controls are given in Table 1 and 2. Male basketball 

players were taller and heavier,  having significant differences (p ≤ .05) in height (t= 2.12), subscapular skinfold 

(t= 2.70), right hand grip strength (t= 2.25) and lower arm length (t= 2.77), and highly significant differences 

(p ≤ .000) in femur and humerus bi-epicondylar diameters (t= 6.94 and 5.38 respectively),water percent (t= 

5.21), heart rate (t= 5.68), vo2 max (t= 5.68), upper arm length (t= 3.54) and total arm length (t= 4.17) than their 

control counterparts. While female basketball players were slightly taller but lighter, having significant 

differences (p ≤ .05) in femur bi-epicondylar diameter (t= 3.29), calf skinfold (t= 2.75), percent body fat  

(t= 2.24), percent lean body mass (t= 2.25), basal metabolic rate (t= 2.28), water percent (t= 2.64), upper arm 

length (t= 2.97), arm circumference (t= 3.14) and upper arm area (t= 3.13), and highly significant differences  

(p ≤ .000) were found only in triceps skinfold (t= 4.44) than their control counterparts.  

When sex differences were studied in basketball players, statistically significant differences (p ≤ .05) 

were noted in subscapular skinfold, and highly significant differences (p ≤ .000) were found in height (t=6.17), 

weight (t=4.38), femur bi-epicondylar diameter (9.53), humerus bi-epicondylar diameter (8.53), triceps skinfold 

(t=3.47),  percent body fat (t=4.59), percent lean body mass (t= 4.580, basal metabolic rate (t= 8.45), water 

percent (t= 6.29), right and left hand grip strength (t= 6.78 and 7.27 respectively), Vo2 max (t= 21.27), upper arm 

length (t= 4.83), lower arm length (t= 7.09), total arm length (t= 5.46), upper arm circumference (t= 3.65), upper 

arm area (t= 3.70), upper arm muscle area (t= 5.98) and arm fat index (t= 5.26).  

One way analysis of variance showed significant (p ≤ .01 - .000) between group differences in all the 

variables (except BMI, hip circumference and calf skinfold) between volleyball players and controls.  

 

Table 2 shows the correlation coefficients of BMI, percent body fat, right hand grip strength and Vo2max with 

other anthropometric, body composition, physical and physiological variables in basketball players and 

controlsIn basketball players, significantly positive correlations were found with BMI and other 12 variables, 

with percent body fat and 7 variables and with right hand grip strength and 12 variables and with Vo2max and 

other 9 variables, and significantly negative correlations were found with BMI and 1 variable (%lean body 

mass), with percent body fat and other 6 variables, with right hand grip strength and other 2 variables and with 

Vo2max with other 3 variables. Fig. 1-4 showed the scattered plot of BMI, %body fat, hand grip strength (right 

dominant) and Vo2max in basketball players. 

 

Discussion and conclusions 

Anthropometric and morphological characteristics play a vital role in determining the success of 

sportspersons (Rico-Sanz, 1998; Wilmore and Costill, 1999; Keogh, 1999). Specific physical characteristics or 

anthropometric profiles are required for the highest level of performance in a specific sport (Claessens  et al., 

1999; Bourgois et al., 2000; Reilly et al., 2000; Gabbet, 2000; Ackland et al., 2003; Slater et al., 2005).  

1. Anthropometric characteristics 

In basketball, teams compete by manicures handling the ball above the head, height is considered to be 

the most important physical attribute. In the present study, the mean height and weight of the male basketball 

players (174.00 cm, ± 9.16 and 66.11 kg, ± 12.39 respectively) were lesser than the male basketball players of 

Greece (199.50 cm ± 6.2 and 95.5 kg, ± 8.8 respectively) reported by Apoatolidis et al. (2004), USA (192.40 cm 

± 11.7, 91.9 kg, ± 17.5 respectively) reported by Narazaki et al. (2008), Italy (194.2 cm, ± 6.5 and 94.7 kg, ± 8.7 

respectively) reported by Viviani  (1994) and Australia (188.8 cm, ± 7.2 and 82.7 kg,  ± 7.3 respectively) 

reported by Withers et al. (1977), while in female players, the mean height and weight (160.30 cm, ± 7.41 and 

53.88 kg, ± 7.56 respectively) were lesser than the Greece (174.70 cm, ± 7.8 and 71.50 kg, ± 10.1 respectively)  

reported by Bayios et al. (2006) and  American (174.20 cm, ± 9.00 and 66.90 kg, ± 5.8 respectively) reported by 

Narazaki et al. (2008). In the study, significantly lesser height among the Indian inter-university basketball 

players might be disadvantageous for them in attaining a good jumping height as their center of gravity would be 

comparatively lower.  

 

 

Table 1. Descriptive statistics of various anthropometric and physiological characteristics in   Indian inter-

university basketball players and controls. 
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BBM (n=35) BBF  (n=25) CM  (n=52) CF (n=50) Variables 

Mean S.D. Mean S.D. Mean S.D Mean S.D 
Height(cm)** 174.03 9.16 160.32 7.41 170.62 5.88 159.17 6.05 

Weight(kg)** 66.11 12.39 53.88 7.56 64.38 11.03 51.83 8.97 

Body Mass Index  (kg/ m2) (kg/m2) 21.70 2.82 20.92 2.46 22.15 3.56 20.46 3.80 

Chest circumference cm)* 87.11 8.02 84.00 5.23 85.18 7.35 82.28 7.32 

Hip circumference (cm) 93.51 8.05 91.32 6.02 90.29 7.00 89.43 8.01 

Femur epicondylor diameter (cm)** 9.57 1.03 6.96 1.06 8.14 0.86 7.42 1.02 

Humerus epicondylor diameter (cm)** 7.18 0.97 5.46 0.32 6.18 0.76 5.49 0.71 

Biceps Skinfold (mm)* 9.63 3.81 10.72 4.46 10.54 2.44 12.38 4.94 

Triceps Skinfold (mm)** 14.86 5.22 19.16 3.94 15.10 4.67 16.86 5.28 

Subscapular Skinfold (mm)** 15.54 5.87 18.80 6.00 18.88 5.50 20.82 5.90 

Calf Skinfold (mm) 17.43 4.95 16.16 5.62 15.98 3.55 17.98 6.45 

% Body fat ** 17.01 5.10 22.50 3.68 18.75 5.21 21.88 4.45 

% Lean body mass** 82.99 5.10 77.50 3.68 81.26 5.21 78.12 4.45 

Lean body mass (kg)** 54.55 9.07 41.58 4.69 52.02 7.73 40.23 5.79 

Right hand grip strength (kg)** 37.49 8.41 24.78 4.85 41.11 6.57 24.25 4.24 

Left hand grip strength(kg)** 36.99 8.27 24.20 3.51 38.62 6.40 22.45 4.18 

Basal metabolic rate (kcal)** 1723.14 192.22 1378.48 79.67 159.98 8.14 1352.92 106.23 

Water%** 59.57 3.48 54.13 3.03 54.89 4.49 49.72 7.02 

Heart Rate (beats/min)** 103.66 11.45 104.32 8.40 119.31 13.32 123.20 12.07 

VO2 max (ml/kg/min)** 67.79 4.81 46.54 1.55 61.22 5.59 43.04 2.22 

 

BBM = Basketball males; BBF = Basketball females; CM = Control males; CF = Control females        * 

significant at 0.01 - .02 level, ** significant at .001 - .000 level 

 

Table 2:Correlation coefficients of BMI, percent body fat, right hand grip strength and Vo2max with various 

anthropometric and physiological variables in Indian inter-university basketball players and controls. 

 

BMI % BF RGHS VO2MAX Variables 

BB Con BB Con BB Con BB Con 
Height (cm) 0.207 0.059 -0.233 -.213 * .759(**) .704 ** .579(**) .620** 

Weight (kg) .763(**) .857 ** 0.156 .293 ** .743(**) .603 ** .482(**) .416** 

Body mass index (kg/m2) 1 1 .489(**) .463 ** .371(**) .293** 0.169 0.133 

Chest circumference (cm) .826(**) .818 ** .404(**) .445 ** .565(**) .269** 0.254 0.087 

Hip circumference (cm) .739(**) .762 ** .453(**) .457 ** .424(**) 0.163 0.181 -0.018 

Femur epicondylor diameter  .294(*) .307 ** -0.252 0.135 .660(**) .383** .706(**) .323** 

Humerus epicondylor diameter  0.232 .365 ** -.362(**) 0.049 .570(**) .459** .729(**) .343** 

Biceps Skinfold (mm) .519(**) .341 ** .612(**) .563 ** -0.17 -.219* -0.057 -.255** 

Triceps Skinfold (mm) .409(**) .497 ** .896(**) .773 ** -397(**) -0.1 -.344(**) -0.182 

Sub scapular Skinfold (mm) .596(**) .614 ** .892(**) .832 ** -0.145 -0.095 -0.219 -0.177 

Calf Skinfold (mm) .471(**) .383 ** .429(**) .462 ** -0.089 -0.143 0.176 -.216* 

% Body fat from skin fold .489(**) .463 ** 1 1 -347(**) -0.182 -.441(**) -.253* 

% Lean body mass -489(**) -.463 ** -1.000(**) -1.000**) .347(**) 0.182 .441(**) .253* 

Right hand grip strength (kg) .371(**) .293 ** -.347(**) -0.182 1 1 .589(**) .747** 

Left hand grip strength (kg) .315(*) .328 ** -.355(**) -.212 * .937(**) .957** .599(**) .742** 

Basal metabolic rate (kcal) .574(**) .615 ** -0.074 0.03 .808(**) .748** .713(**) .619** 

Water% -0.186 -0.168 -.583(**) -.352 ** .558(**) .408** .560(**) .403** 

Heart rate (beats/min) -0.023 0.147 -0.085 -0.046 0.082 -0.117 -.353(**) -.530** 

VO2  max (ml/kg/min) 0.169 0.133 -.441(**) -.253 * .589(**) .747** 1 1 

 

BB = Basketball; Con = Controls; * Significant at 0.05 level; ** Significant at 0.01 level 
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Fig.1 Scatter- plot of BMI in basketball players 

 

 
                    

 Fig.2 Scatter- plot of %body fat in basketball players 
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Fig.3. Scatter-plot of hand grip strength (right dominant) in basketball players 

 
Fig.4. Scatter- plot of VO2 max in basketball players 

2. Body composition 

Body composition greatly effects the energy-related physical strength and skill in various sports 

(Kitagawa et al. 1974). The estimated % body fat was lower in both sexes (17.1 %, ± 5.10 in male and 22.50 %, 

± 3.68 in female basketball players) than controls. However, the Indian inter-university basketball players had 

higher mean value for %BF in both the sexes as compare with the American players (9.7 %, ± 5.9 in male and 

19.8%, ± 4.5 in female players) reported by Narazaki et al. (2008), with the Greek male players (11.4%, ± 1.9) 

reported by Apostolidis et al. (2004) and Australian male basketball players (16.6%, ± 2.6) reported by Withers 

et al. (1977), but had lesser %BF as compared with female Greek players (24.3%, ± 3.6) reported by Bayios et 

al. (2006).  

3. Physical variables 

In basketball players of both sexes, hand grip strength (right dominant) was reported to be higher than 

controls, showing biomechanical advantages in the game.  Regarding the hand grip strength of the players of 

other sports events, it was reported that the hand grip strength values of Indian inter-university male Kabaddi (an 

ancient Indian rural game) players were higher in comparison to those of Indian footballers and hockey players 

of the same sex (De et al., 1982). In cricket, male players had the higher mean value for this trait (35.86 kg ± 

7.07) as compared to controls (32.39 kg ± 7.91) (Koley and Yadav, 2009). In basketball, hand grip strength is 

essential for receiving the ball, passing, throwing and basketing the ball.  

3. Physiological variables 

Albeit, basketball is not an endurance sport per se, having high values of cardiopulmonary functions is 

important for the players to maintain a high level of activity during the entire game. In the present study, Indian 

basketball players have lesser value for heart rate and greater value for VO2 max than controls. Similar 

differences were also reported (McArdle et al., 1931) where basketball females were found to have slightly 

higher VO2 max than college female students (35.5 and 33.6 respectively), while later studies show significant 

increase ranging from 44.0 – 54.0 (Drinkwater et al., 2008). These differences were might be attributed to high 

physical training and selection criteria for the games. While the values of VO2 max for female players were 

found to increase in the late 1970’s, values for male players did not change remarkably over the last four 

decades. Nonetheless, great variability was observed for this trait in male players ranging from 45.3 ± 5.9 

mLO2/kg/min (Gocentas et al., 2004) to 65.2 mLO2/kg/min (Tavino et al., 1995). Though the methods used for 

the measuring the VO2 max varies subsequently the values.   

The data presented in the present study carry immense practical application and should be useful in future 

investigation on player selection, talent identification in basketball and training program development.  
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