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Abstract

Purpose: Volleyball is an intermittent sport and as the use of the hand is essential in it, hand morphology
and functional properties play an important role in its performance. Also, volleyball requires a sustained level
of hand prehensile force to maximize control and performance. Therefore, the aim of the present study was to
evaluate the effect of anthropometric characteristics of the upper limb on hand gripe of elite female volleyball
players.

Material and Methods: 50 volleyball players (age 12-17 years) volunteered to participate in the present
study. A series of anthropometric tests were carried out on each participant including forearm length,
arm length, wrist Breadth and arm Breadth, forearm circumference and hand span. For grip strength
measurement, digital hand dynamometer was used.

Results: The results of the stepwise multiple regression analysis about predictors showed that the most
important basic anthropometric variable was body height (R?x100=31.2%) and BMI , age and hand span were
predictors of maximal hand strength.

Discussion and Conclusion: In the present study, results indicated body height and BMI were the most
important anthropometric variables in junior females. In the other words, taller volleyball players would have

better hand grip strength.
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Introduction

Volleyball is one of the ball games requiring
comprehensive  abilities  including  physical,
technical, mental and tactical abilities .As
volleyball demands excessive use of the hand, hand
morphology and functional properties could be
important factorsinits successful performance. The
hand does not function in isolation, and is
dependent on the integrity of the shoulder and
elbow complexes to allow the appropriate
positioning of the hand in space to complete the
desired task [1]. Also, volleyball requires a
sustained level of hand prehensile (power grip)
force to maximize control and performance [2].

Hand grip strength has often been used as an
indicator of overall physical strength and health,
and hand performance and function [3]. Several
studies, such as Nevill and Holder , Nicolay and
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Walker and Sartorio et al explored the influence of
anthropometric and body composition variables on
handgrip strength in adults and children and stated
different results [4,5,6]. Quite naturally, the
interest in anthropometric characteristics and
body composition of athletes from different
competitive sports has increased tremendously
over the last decades. All ball games require
comprehensive  abilities  including  physical,
technical, mental and tactical ones. Among them,
physical abilities of the players are more important
as these have marked effects on the skill of players
and the tactics of the teams because ball games
require repeated maximum exertion such as
dashing and jumping [7].

In this regards, anthropometric dimensions
and morphological characteristics play an
important role in determining the success of an
athlete. The aim of the present study was to
evaluate the effect of anthropometric
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characteristics of the upper limb on hand gripe
of elite, female volleyball players.

Material and Methods

50 volleyball players (age 12-17 years)
volunteered to participate in the present study. All
of the participants playedfor their school teams
taking part in provincial tournaments. Exclusion
criteria were set upon our knowledge of some
genetic, psychological, neurological or chronic
diseases  affecting hand function and
anthropometric  characteristics. A series of
anthropometric tests were carried out on each
participant including forearm length (from lateral
epicondyle to styloid process of ulna), arm
length (from acromion process to olecranon
process), forearm circumference (the balk of
muscle), wrist Breadth and arm Breadth, hand
span(from the tip of thumb to the tip of the little
finger) [3,5].

adigital hand dynamometer (Saehan, company)
was used. to measure the grip strength. The
participant sat on a chair with the elbow flexed at
90 and the forearm in semi pronation position lying
on an arm rest. The participants were asked to
squeeze the dynamometer three times with their
dominant hand. There was a five-minute rest
between the squeezes in order to overcome fatigue.

The best value of the three squeezes was taken into
account [5].

Means and standard deviations of the testing
trails were used for statistical analysis. Linear
Regression was used to assess the influence of
predictor variables on the independent variable.
The statistical analysis was performed using the
SPSS software (version 16).

Results

Basic anthropometric and body composition
variables of the participants are presented in
Tablel. The mean values of hand grip strength in
the participants was 24.3 kg (SD=6.1).

The results of the stepwise multiple regression
analysis regarding the predictors are presented in
Table2. The most important basic anthropometric
variable was body height (R* 31.2) .Among the
basic upper limb anthropometric variables, it was
observed that hand span had the greatest influence
on the hand grip strength of the individuals (R*=
53.2) followed by age (R*= 45.5), and , BMI (R’=
38.6).

In order to verify these models and to illustrate
their ability to predict maximal hand strength,the
normal arability plot was drawn. The residuals
were normally distributed (Figure.1).

Tablel: Characteristics and anthropometric data of the participants.

Variables Mean( range) (n=50) Standard Deviation
Age 13.9(year) 1.0
Height 157.1( cm) 6.2
Body mass 51.9 (kg) 10.5
Arm length 32.7(cm) 2.1
Forearm length 24.8(cm) 1.2
Forearm circumference 23.1(cm) 1.8
Arm breadth 6.4(cm) 11
Wrist breadth 5.2(cm) 0.6
Hand span 19.1(cm) 1.4
Grip strength 24.3(kg) 6.1

Table2: results of linear regression analysis for anthropometric, height, BMI and age and hand span variables

Indicators variables

MultipleR R® F SEE P

Height 0.55
BMI 0.62
Age 0.67

Hand Span 0.73

031 2129 5.17 0.00
038 559 449 0.02
045 571 470 0.02
053 7.23 441 0.01
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Figurel: Results on a population of 50. Residual cumulative probability

Discussion and Conclusion

In this study, the influence of upper limb
anthropometric variables on hand grip strength was
studied in female, elite junior volleyball players.
Our findings showed the influence of age, BMI ,
height and hand span anthropometric variables on
hand grip. Our resultswere similar to those of
Nevill and Holder,whoconcluded the larger the
size of the hand, the greater the handgrip
strength [4]. Nicolay and Walker indicated that
hand and forearm sizes generally served as better
predictors of grip strength as compared to body
height and body mass [5]. However, we found that
although hand span was a predictor of hand
strength, height and body composition were better
predicting variables.

Kallman et al. previously claimed that forearm
circumference provided the most practical index of
maximal grip strength [8]. However, Anakwe et al.
recently found that forearm circumference could
predict maximal grip strength in men but not in
women [9]. Our results did not show the effect of
forearm circumference on hand grip strength either
confirming the findings of Anakwe, Nicolay and
Walker have also statedthat in young females,
the best single linear measurement to predict
grip force was palm width that is almost similar
our findings.

Our results also showed age influences on
maximal hand strength. Sartorio et al indicated
that the increase in hand grip strength with age is

largely dependent on the parallel increase in muscle
mass [6]indicating the importance of age factor.
In addition, we found that height and BMI were
also predictors of hand grip forcethat is in line
withthe findings of Semproli et al. who showed
that in children, basic anthropometric variables
(body height and BMI) had a greater contribution
inpredicting handgrip strength as compared to the
specific anthropometric variables of the hand
[10].Also, Schmidt and Toews stated that body
height and body mass affected maximal hand grip
[11]., Bassey and Harries also showed that hand
grip strength correlated with such anthropometric
characteristics as skeletal size in adults [12].

Asin volleyball, teams compete by handling the
ball above the head, height is considered to be the
most important physical attribute., results from the
present study indicated that body height and BMI
were more important anthropometric variables in
junior females. In other words, the taller
thevolleyball player, the stronger her hand grip.
Regarding specific anthropometric variables, hand
span was a better predictor of volleyball
players’performance. Consequently, taller
individuals with larger handsmight be more
successful in volleyball.

References

1- Barut C, Demirel P, Ksran S, (2008). Evaluation of
hand anthropometricmeasurements and grip strength
in  basketball,volleyball and handball players.



28

Grip Strength and Anthropometric Characteristics

International Journal of Experimental and Clinical
Anatomy 2: 55-59.

2- Blackwel RJ, Kornatz KW, Heath EM (1999). Effect
of grip span on maximal grip force and fatigue of
flexor digitorum superficies. Applied Ergonomics 30 :
401 - 405.

3- Ju'rima’ea T, Hurbob T, Jurima'e J (2009).
Relationship of handgrip strength with anthropometric
and body composition variables in prepubertal
children. Journal of Comparative Human Biology 60:
225-238

4- Nevill AM, Bate S, Holder RL( 2005). Modeling
Physiological and Anthropometric Variables Known
to Vary with Body Size and Other Confounding
Variables. American Journal of Physical Anthropology
128(41): 141-153

5- Nicolay CW, Walker AL (2005). Grip strength and

endurance: influences of anthropometric variation, hand

dominance, and gender. Int J Industr Ergon 35: 605—

618.

6- Sartorio A, Lafortuna CL, Pogliaghi S, Trecate

L(2002). The impact of gender, body dimension

and body composition on handgrip strength in

healthy children. J Endocrinol. Invest 25: 431-

435,

7- Tsunawake N, Tahara Y, Moji K, et al. (2003).
Body Composition and physical fitness of female
volleyball and basketball players of the Japan
inter-high school championship teams. J Physiol
Anthropol Appl Hum Sci 22:195-201.

8- Kallman DA, Plato CC, Tobin JD (1990). The role of
muscle loss in the age-related decline of grip strength:
cross-sectional and longitudinal perspectives. J
Gerontol 45 (3): 82-88.

9- Anakwe RE, Huntley JS, McEachan JE (2007). Grip
strength and forearm circumference in a healthy
population. J Hand Surg Eur 2:203-9

10- Semproli, S, Brasili P, Toselli S, Ventrella, A.R,
Jurime J, Jurime T (2007). The influence of
anthropometric characteristics to the handgrip and
pinch strength in 6-10-year old children. AnthropAnz.
65: 293-302.

11- Schmidt R, ToewsJ (1970). Grip strength as
measured by the Jamar dynamometer. Arch Phys
MedRehabil 51: 321-327.

12- Bassey EJ, Harries U J (1993). Normal values for
handgrip strength in 920 men and women aged over
65 years and longitudinal changes over 4 years in 620
survivors. Clin Sci 84: 331-337



