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INTRODUCTION

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). The estimation of handgrip strength
is of immense importance in determining the
efficacy of different treatment strategies of the
hand and also in hand rehabilitation. Grip strength
determines the handedness of an individual, an
important field of population variation study. It is
often used as an indicator of overall physical
strength (Massey-Westrop et al. 2004; Foo 2007),
hand and forearm muscles performances (Nwuga
1975) and as a functional index of nutritional
status (Klidjian 1982; Brozek 1984; Watters et al.
1985; Vaz et al. 1996; Jeejeebhoy 1998;
Manandhar 1999; Chilima and Ismail 2001;
Pieterse et al. 2002), morbidity and mortality
(Klidjian et al. 1980; Phillips 1986; Guo et al. 1996),
physical performance (Samson et al. 2000; Onder
et al. 2002), falls and fractures (Wickham et al.
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ABSTRACT The purpose of the present study was to investigate the trend of handgrip strength and to assess the
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92 left hand dominant) and females (297 right hand and 33 left hand dominant) aged 6 - 25 years from different
schools and Guru Nanak Dev University, Amritsar, Punjab, India. Three anthropometric measurements, viz. height,
weight and BMI were carried out with standard techniques. Handgrip strength 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 findings of the present study indicated a gradual
increment of both right and left handgrip strength from 6 to 23 years in males and from 6 to age 21 years in females.
Statistically highly significant sex differences (p<0.001) were found in right dominant (t = 12.84) and non-dominant
(t = 13.46) handgrip strength, where males had higher mean values in all the anthropometric variables than females.

1989; Lord et al. 1991). It is included in various
motor ability measurement test batteries
recommended for children (Pate 1989; EUROFIT
1998; Oja and Jurimae 1997; 2002). The
assessment of handgrip strength assumes
importance in a number of situations. It may be
used in the investigation and follow-up of patients
with neuromuscular disease (Wiles et al. 1990).

Handgrip strength is a physiological variable
that is affected by a number of factors including
age, gender and body size. Strong correlations
between grip strength and various anthro-
pometric traits, (weight, height, hand length etc.)
were reported earlier (Malina et al. 1987; Ross
and Rösblad 2002; Singh et al. 2009; Koley and
Singh 2009; Koley et al. 2009; Jurimae et al. 2009;
Kaur 2009). Effects of socio-economic status on
handgrip strength were studied by Henneberg
et al. (1998, 2001).

In case of relationships of handgrip strength
with stature, weight, arm and calf circumferences
and various subcutaneous skinfolds, it was found
that boys attained greater values for those
anthropometric variables and also had greater
handgrip strength values than their girl
counterparts (Benefice and Malina 1996; Koley
et al. 2009). It was found too, that age dependent
increase of handgrip strength in boys and girls
as well as inter-gender differences were strongly
associated with changes of fat free mass during
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their childhood (Sartorio et al. 2002). Handgrip
strength is found to be a significant determinant
of bone mineral content and bone area at the
forearm sites and has a positive correlation with
lean body mass and physical activity. Hip/waist
circumferences measurement is a good marker of
fat mass, bone mineral content and lean mass
which are strongly correlated with maximum
isometric grip force (Rashid and Ahmed 2006).
The grip strength was reported to be higher in
dominant hand with right-handed subjects, but
no such significant differences between sides
could be documented for left-handed people
(Incel et al. 2002). Right and left handgrip strength
was positively correlated with weight, height and
body surface area (Chatterjee and Chowdhuri
1991). The information regarding the normative
values of handgrip strength in Indian males and
females is scanty, so the present study was
planned.

MATERIAL AND METHODS

The present study is based on randomly
selected 747 normal, healthy individuals (417
males and 330 females) aged 6–25 years of D.A.V.
Public School and Khalsa College Public School
and Guru Nanak Dev University, Amritsar, Punjab,
India. The age of the subjects were recorded from
the registers of their respective institutes, the
subjects were divided in such a way that age 6
refers to the individuals aged 5 years and 6 months
through 6 years and 5 months and 29 days. Of
those, 325 males (77.94%) and 297 females
(90.00%) were right hand dominant and 92 males
(22.06%) and 33 females (10.00%) were left hand
dominant.  The hand dominance was determined
by asking the subject to throw a tennis ball. All
subjects (parents in case of children) and teachers
were informed about the purpose and contents
of the study. A written consent was obtained from
the subjects (parents of the children). The data
were collected under natural environmental
conditions in morning (between 8 AM. To 12
noon). The study was approved by the local
ethics committee.

Anthropometry

Three anthropometric variables, viz. height,
weight, BMI, and grip strength of both right and
left hand were taken on each subject.
Anthropometric variables of the subjects were

measured using the techniques provided by
Lohmann et al. (1988) and were measured in
triplicate with the median value used as the
criterion.

The height was recorded during inspiration
using a stadiometer (Holtain Ltd., Crymych,
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)/height2 (m) 2.

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 remain-
ed 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 equipment and handgrip dyna-
mometer 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.

Statistical Analysis

Descriptive statistics (mean ± standard
deviation) were determined for directly measured
and derived variables. Intra and inter-group
comparisons between Indian males and females
for the measured variables were made using an
independent t-test. Data were analyzed using
SPSS (Statistical Package for Social Science)
version 17.0. A 5% level of probability was used
to indicate statistical significance. Correlations
were estimated as per Pearson’s correlation
coefficient test.

RESULTS

Descriptive statistics of height, weight, BMI
and handgrip strength of Indian males are given
in table 1. Statistically significant differences were
found in height (t = 3.06), weight (t = 3.72), BMI (t
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= 2.10) and in left handgrip strength (t = 4.92)
between right and left hand dominant males.
Surprisingly, left hand dominant males have
higher mean values for all the variables than right
hand dominant males. The reason may be due to
small sample size in this group.

Table 2 shows the descriptive statistics of
three anthropometric variables and grip strength
of both hands in Indian females. The left hand
dominant females have higher mean values for all
the variables (except right handgrip strength)
than their right hand dominant female counter-
parts, but the differences were statistically signifi-
cant only in left handgrip strength (t = 3.21), the
reason may be again the small sample size. In
fact, the frequencies of left hand dominant males
were only 22.06% in Indian males and 10.00% in
females. That’s why sex differences for handgrip
strength were done only between right hand
dominant males and females (Tables are not
shown) where males have higher mean values for
all the five measured variables, focussing highly
significant differences in height (t = 6.64), weight
(t = 5.98), BMI (t = 2.49), right handgrip strength
(t = 12.84) and left handgrip strength (t = 13.46).

Age-wise distribution of means and standard
deviations of right and left handgrip strength in
right hand dominant Indian males and females
are shown graphically in Figs. 1-4. In case of right

hand dominant males, a gradual increment of right
(Fig. 1) and left (Fig. 3) handgrip strength was
found up to age 23 years (minimum 8.59 kg in age
6 years and maximum 43.51 kg in age 23 years in
right handgrip strength and minimum 7.05 kg in
age 6 years and maximum 40.16 kg in age 23 years
in left handgrip strength respectively). In case of
right hand dominant females, a gradual increment
was noted up to age 21 years for right (Fig. 2)
handgrip strength (minimum of 9.32 kg in age 6
years and maximum 24.91 kg in age 21 years) and
up to age 19 years for left (Fig. 4) hand grip
strength (minimum 8.50 kg in age 7 years and
maximum 22.21 kg in age 19 years.

The correlation coefficients (r) of dominant
right handgrip strength with anthropometric
variables in Indian males and females are shown

Table 1: Descriptive statistics of anthropometric variables and handgrip strength in Indian males

Variables Right hand dominant males Left hand dominant males t-value
(n=325) (n=92)

Mean S.D. Variance Mean SD Variance

Height (cm) 157.85 20.38 415.34 165.16 19.49 379.86 3.06*
Weight (kg) 50.93 20.95 438.90 60.01 19.40 376.36 3.72**
BMI kg/m2 19.41 4.78 22.85 20.62 5.22 27.25 2.10*
Right handgrip strength (kg) 29.70 12.89 166.15 31.22 11.64 135.49 1.02
Left handgrip strength (kg) 27.21 12.05 145.20 34.24 12.24 149.82 4.92**

*Significant at 0.05 level; * *Significant at 0.001 level

Table 2: Descriptive statistics of anthropometric variables and handgrip strength in Indian females

Variables Right hand dominant females Left hand dominant females t-value
(n=297) (n=33)

Mean S.D. Variance Mean SD Variance

Height (cm) 148.35 14.52 210.83 148.84 17.76 315.42 0.18
Weight (kg) 42.19 14.68 215.50 46.11 17.36 315.42 1.43
BMI kg/m2 18.51 4.17 17.39 19.78 4.80 23.04 1.63
Right handgrip strength (kg) 19.13 6.17 38.07 18.65 6.98 48.72 0.42
Left handgrip strength (kg) 16.95 5.44 29.59 20.29 7.49 56.10 3.21*

*Significant at 0.001 level

Table 3: Correlation coefficient of dominant right
handgrip strength with anthropometric variables
in Indian males and females

Variables Males Females
r r

Age (years) 0.857 0.792
Height (cm) 0.872 0.786
Weight (kg) 0.853 0.773
BMI kg/m2 0.736 0.649
Left handgrip strength (kg) 0.986 0.963

All values are significant at 0.001 levels.
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Fig. 1. Graphic presentation of right handgrip strength of right hand dominant Indian males
aged 6 – 25 years, Mean ± SD
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Fig. 2. Graphic presentation of right handgrip strength of right hand dominant Indian females
aged 6 – 25 years, Mean ± SD
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Fig. 3. Graphic presentation of left handgrip strength of right hand dominant Indian males
aged 6 – 25 years, Mean ± SD

Fig. 4. Graphic presentation of left handgrip strength of right hand dominant Indian females
aged 6 – 25 years, Mean ± SD
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in table 3.  Highly significant positive correlations
(p < 0.001) were observed between the grip
strength of right hand dominant males and females
in all the anthropometric variables, showing
statistically significant positive correlations in all
the sets.

DISCUSSION

It is reported that contractile properties of
human skeletal muscles become mature early in
infancy (Malina and Bouchard 1991). Handgrip
strength is one of the characteristics of
handedness depending which population
variation is studied. Handedness is a multifactorial
trait, having heredity as one of its factors.
Variations in Indian populations regarding the
distribution of handedness have been reported
from anthropological point of view (Malhotra
1971, 1976; Dronamraju 1975; Das et al. 1985a, b,
1986a, b, c; Bhasin 1986). One important factor is
noticed in this study is the high frequency of left
handedness among the males of this Punjabi
population. In fact, the highest frequency
(19.74%) of left handedness was reported in the
males of Koya Doras population of Andhra
Pradesh (Dronamraju 1975) so far. But in the
present study, the frequency of left handedness
was reported to be as high as 22.06%, which is a
striking one and a noble part of the study. The
reason may be, in most of  parts of India, the gene
pool is comparatively rigid with restricted marriage
pattern, i.e. strict endogamy, but in Punjab, gene
admixture occurred since a long back, giving the
population a heterogeneous status. Foreign
invaders like the Persians, the Greeks, the
Scythians, the Parthians, the Huns, the Turks,
and the Mughals came to India through this
north-west gateway, giving more chances of
mixing of genetic materials. Another reason may
be the small sample size.

The findings of the present study indicated a
gradual increment of both right and left handgrip
strength from 6 to 23 years in males (Figs. 1 and
3) and from 6 to age 21 years in females (Figs. 2
and 4). In fact, apart from heredity, a number of
factors are responsible for the generation of
handgrip strength, viz. nutritional status (Klidjian
1982; Brozek 1984; Watters et al. 1985; Vaz et al.
1996; Jeejeebhoy 1998; Manandhar 1999; Chilima
and Ismail 2001; Pieterse et al. 2002), socio-
economic status (Henneberg et al. 2001, 1998) etc.

It was reported earlier that physical

performance had a strong association with body
strength, shape, size, form and structure of an
individual (Malina et al. 1987; Ross and Rösblad
2002). The findings of the present study follows
the same direction (Table 3) highlighting a highly
significant positive correlation between all the
anthropometric variables measured and right and
left handgrip strength both in males and females.
It is reported that as a rule, handgrip strength
(both right and left hand dominant) is stronger in
males than females across all age groups
(Newman et al. 1984; Mathiowetz et al. 1986). The
findings of the present study too followed the
same direction in Indian males and females,
reporting statistically highly significant sex
differences (p < 0.001) in right dominant (t = 12.84)
and non-dominant (t = 13.46) handgrip strength.
Males have higher mean values in all the
anthropometric variables than their female
counterparts. It was, in fact, reported earlier that
men possessed considerably greater strength
than women for all muscle groups tested. Women
scored about 50% lower than men for upper body
strength and about 30% less for leg strength
(McArdle et al. 2001).

Sartorio et al. (2002) in their study reported
that age dependent increase of handgrip strength
in boys and girls were strongly associated with
changes of muscle mass during their childhood.
Chatterjee and Chowdhuri (1991) concluded in
the same direction that right and left handgrip
strength was positively correlated with age,
height, weight and body surface area. It is also
reported that handgrip strength determines the
muscular strength of an individual (Foo 2007).
So, an increase in handgrip strength determines
the physical strength of an individual.

The findings of the present study would be
of great value in medical anthropology research,
population genetics studies 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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