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ABSTRACT:

The purpose of the present study was to estimate the dominant handgrip

strength in randomly selected 1111 unrelated, normal, healthy Indian school-going children
(568 boy student and 543 girl student) aged 6-15 years, collected from different schools of
Amritsar, Punjab (India) and its correlations with selected anthropometric variables. Eight
anthropometric variables, viz. height, body weight, percent body fat, total arm length, upper
arm length, forearm length, hand length and hand breadth were taken on each subject, using
standard techniques. Right and left handgrip strength was measured using a standard adjustable
digital handgrip dynamometer. The findings of the present study indicated agradual increment
of both right and left handgrip strength, also selected anthropometric variables from 6 to 15
years both in boy and girl students. Statistically highly significant sex differences (p < 0.001)
were found in age groups 9, 10, 14 and 15 years only in non-dominant handgrip strength.
Highly significant positive correlations (p < 0.001) of dominant right handgrip strength were
observed with all the anthropometric variables studied, except percent body fat both in boy and

girl students.

INTRODUCTION

The human hand is unique and devoted entirely
to functions of manipulation. Its effectiveness in
variousactivitiesisdueto 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 tipsin afirm grasp,
together with ahighly d aborated nervous control and
sengitivity of the fingers (Markze, ' 71). The hand
represents the most sophisticated and differentiated
muscul oskel etal tool in the human being, demanding
thelargest capacity of the nervoussystem in relation
to its size. The complex anatomical and functional
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structure of the hands convergesmainly in gripping,
which is observed constantly during the activities of
daily living of any individual (Kapandji, 2000). The
power of handgrip istheresult of forceful flexion of
all finger joints with the maximum voluntary force
that the subject isableto exert under normal biokinetic
conditions (Richardset al., ' 96; Bohannon, '97) which
uses several muscles in the hand and the forearm
(Bassey and Harries, ' 93). Theestimation of handgrip
strength isof immenseimportancein 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 fiel d of population variation study. It isoften
used as an indicator of overall physical strength
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(Massey-Westrop et al., 2004; Foo, 2007), hand and
forearm muscles performances (Nwuga, ' 75) and as
afunctional index of nutritional status (Klidjian,’82;
Brozek, '84; Watters et al., '85, Vaz et al., '96;
Jegjeebhoy, ' 98; Manandhar, ' 99; Chilimaand Ismail,
2001; Pieterse et al., 2002; Kaur and Koley, 2010),
morbidity and mortality (Klidjian et al., ' 80; Phillips,
'86; Guo et al., ' 96), physical performance (Samson
et al., 2000; Onder et al., 2002), falls and fractures
(Wickhamet al.,’89; Lord et al., '91). It isincluded
in various motor ability measurement test batteries
recommended for children (Pate, ' 89; EUROFIT, ' 98;
Oja and Jurimae, '97, 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
(Wileset al.,’90).

Handgrip strength isaphysiological variablethat
is affected by a number of factors including age,
gender and body size. Strong correlations between
grip strength and various anthropometric traits,
(weight, height, hand length etc.) werereported earlier
(Malinaet al., ’87; Ross and Rashlad, 2002; Koley
et al., 2009, Koley and Khanna, 2014; Koley and
Milton, 2010; Koley and Singh, 2009; Singh et al.,
2009; Jurimae et al., 2009; Kaur, 2009). Effects of
socio-economic status on handgrip strength were
studied by Henneberg et al. (2001, ' 98).

In case of re ationships of handgrip strength with
stature, weight, arm and calf circumferences and
various subcutaneous skinfal ds, it wasfound that boys
attained greater values for those anthropometric
variablesand a so had greater handgrip strength values
thantheir girl counterparts (Beneficeand Malina, ’ 96;
Koley et al., 2009). It was found too, that age
dependent increase of handgrip strength in boysand
girlsaswell asinter-gender differenceswerestrongly
associated with changes of fat free mass during 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). Thegrip strength was reported to

be higher in dominant hand with right handed subjects,
but no such significant differences between sides
could bedocumented 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, '91). The
information regarding the normative values of
handgrip strength in Indian children and adolescents
are scanty, thusthe present study was planned.

MATERIAL AND METHODS

The present cross-sectional study was based on
randomly selected 1111 normal healthy school-going
children (568 boy student and 543 girl student) aged
6-15 years coll ected from various school s of Amritsar,
Punjab, north India. The age of the subjects were
recorded from the date of birth registered in ther
respective ingtitutions. The subjectsweredivided in
such away that age 6 referstotheindividual saged 5
yearsand 6 monthsthrough 6 yearsand 5 monthsand
29 days. Of those, 445 boy students (78.34%) and
489 girl students (90.05%) wereright hand dominant
and 123 boy students (21.65%) and 54 girl students
(9.94%) were left hand dominant. The hand
dominance was determined by asking the subject to
throw a tennis ball. All subjects (parentsin case of
children) and teachers were informed about the
purpose and contents of the study. A written consent
was obtained from the parents of the children. The
data were collected under natural environmental
conditionsin morning (between 8 am. to 12 noon).
Thestudy was approved by thelocal ethicscommittee.

Anthropometry

Eight anthropometric variables, viz. height, body
weight, percent body fat, total arm length, upper arm
length, forearm length, hand length and hand breadth
were taken on each subject, using the techniques
provided by Lohmann et al. (' 88) and were measured
in triplicate with the median value used as the
criterion.

Theheight wasrecorded during inspiration using
a stadiometer (Holtain Ltd., Crymych, Dyfed, UK)
to the nearest 0.1 cm, and weight was measured by
digital ganding scales(Model DS-410, Seiko, Tokyo,
Japan) to the nearest 0.1 kg. Per cent body fat was
assessad using skinfold measurementstaken from four
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sites, viz. biceps, tri ceps, subscapular and suprailiac
using Harpenden skinfold caliper (Holtain Ltd,
Crosswell, Crymych, UK) tothenearest 0.2 mm, and
using the Durnin and Womersley (' 74) skinfold
equation. Upper arm, forearm and total arm length
were measured by the first segment of the
anthropometer in centimetre. Hand length and hand
breadth were measured by sliding caliper in
centimetre.

Handgrip Srength Measurement

Thegrip strength of both right and |eft handswas
measured us ng astandard adjustabledigital handgrip
dynamometer (Takel Scientific InsrumentsCo., LTD,
Japan) at standing position with shoulder adducted
and neutrally rotated and elbow in full extenson. The
dynamometer was held freely without support, not
touching the subject’strunk. The position of thehand
remained constant without the downward direction.
The subjects were asked to put maximum force on
the dynamometer thrice from both sides of thehands.
The maximum value was recorded in kilograms.
Anthropometric equipment and handgrip
dynamometer were calibrated before each assessment.
All subjects were tested thrice and the best of three
attempts was recorded. Thirty secondstimeinterval
was maintained between each handgrip strength
testing.

Satistical Analysis

Descriptive atistics (mean + standard deviation)
were determined for directly measured and derived
variables. Inter-group comparisons between Indian
boy and girl studentsfor thevariabl es considered were
made using an independent t-test. Bivariate correlation
coefficients and linear regression were used to
establish the correlations of dominant handgrip
strength with selected anthropometric variablesin the
school-going children. Data were analyzed using
SPSS (Satistical Packagefor Social Science) version
17.0. A 5% level of probability was used to indicate
statistical significance.

RESULTS AND DISCUSSION

Descriptive statistics of dominant and non-
dominant handgrip strength in Indian school-going
children aged 6-15 years weregiven in Table 1. Boy

students had the higher mean valuesfor thesetraitsin
all the age-groups than their girl counterparts.
However, statistically significant differences
(p<0.011-0.001) werefound in age-groups 9, 10, 14
and 15 years only in non-dominant handgrip strength.

Table 2 showed the descriptive statistics of height
and body weight in Indian school-going children aged
6-15 years. In he ght, girlshad thehhigher mean val ues
in age-groups6, 7, 10, 11, 12 and 13 yearsand | ower
mean valuesin age-groups 8, 9, 14 and 15 yearsthat
the boy students. However no significant differences
(p>0.05) were found in any age-groups. In body
weight, girl students had the higher mean valuesin
age-groups 7 and 10-13 yearsand lower mean values
in6, 8,9, 14 and 15 yearsthan their boy counterparts.
However, no significant differences (p>0.05) were
foundin any age-group for thistrait.

Descriptive stati i cs of percent body fat and total
arm length in Indian school -going children aged 6-
15 years were presented in Table 3. In percent body
fat, girl studentshad the higher mean valuesin all the
age-groups than their boy counterparts, showing
sgnificant differences (p<0.001) in all theage-groups.
Intotal arm length, girl students had the higher mean
valuesin 7 and 9-13 years and lower mean valuesin
age-groups 8, 14 and 15 yearsthan the boy students.
Nonethd ess, significant differences (p<0.018-0.001)
were found in age-groups 11, 14 and 15 years.

Table4 showed the descriptive statistics of upper
and forearm length in Indian school-going children
aged 6-15 years. In upper arm length, girls had the
higher mean values in age-groups 7 and 9-14 years
and lower mean val uesin age-groups 6, 8 and 15 years
than the boy students. However, statistically
significant differences (p<0.002) werefound only in
age-group 11 years. In forearm length, girl students
had thehigher mean valuesin age-groups 7, and 9-13
yearsand lower mean valuesin 6, 8, 14 and 15 years
than their boy counterparts. However, significant
differences (p<0.001) were found in age-groups 14
and 15 yearsfor thistrait.

Thedescriptive statisticsof hand length and hand
breadth in Indian school-going children aged 6-15
years were shown in Table 5. In hand length, girl
studentshad the higher mean valuesin age-groups7,
8 and 10-13 years and lower mean values in age
groups 6, 9, 14 and 15 years than the boy students.



56 Shyamal Koley, ArchanaKhanna& Klaus Peter Herm

TABLE 1

Descriptive statistics of dominant and non-dominant handgrip strength in school-going children
aged 6-15 years of Amritsar, Punjab

Age-groups Dominant handgrip strength (kg) t-value p-value Non-dominant handgrip strength t-value p-value
(yrs) (kg)
Boy students Girl students Boy students  Girl students
n Mean SD N Mean SD Mean SD Mean SD
6+ 53 846 168 51 803 153 1089 0280 757 166 735 140 0584 0.561
7+ 55 938 200 54 875 227 1190 0238 874 190 801 164 1655 0.103
8+ 51 1133 197 50 9.86 194 3.048 <0.003 10.75 232 1000 230 1317 0.193
o+ 59 1311 3.06 56 10.77 252 3.393 <0.001 1237 250 10.13 216 3.890 <0.001
10+ 61 1368 2.00 55 1245 206 1937 0.057 1273 204 1106 199 2635 <0.011
11+ 59 1516 3.16 53 1482 314 0441 0660 1417 314 1437 3.06 0262 0.794
12+ 57 1682 343 55 1595 3.02 0948 0.347 1549 269 1472 358 0980 0.331
13+ 53 2010 3.09 54 1844 321 1290 0.202 1828 328 1729 215 0.850 0.398
14+ 58 2282 326 57 1869 323 4.438 <0.001 2194 360 16.77 346 5157 <0.001
15+ 62 2894 347 58 2064 208 6.229 <0.001 2681 325 1825 272 6.753 <0.001
TABLE 2

Descriptive statistics of height and weight in school-going children of Anritsar, Punjab

Age-groups Height (cm) t-value p-value Body weight (kg) t-value p-value
(yrs) Boy students Girl students Boy students Girl students
Mean SD Mean SD Mean SD Mean SD
6+ 110.80 330 11194 4.85 0.73 0470 18.16 189 17.68 2.75 0.823 0.414
7+ 114.55 349 116.27 332 1190 0239 1894 3.05 19.32 3.53 0.463 0.645
8+ 12251 333 121.30 326 1109 0272 2158 260 2111 2.20 0.792 0.431
o+ 127.47 327 126.34 370 0710 0480 24.77 337 2356 3.17 0.934 0.354
10+ 130.04 3.67 13211 312 1135 0260 24.95 200 25.76 1.64 0.853 0.397
11+ 135.60 3.01 140.50 358 2909 <0.005 28.70 337 3101 3.98 1.657 0.102
12+ 140.56 3.37 143.00 328 1420 0160 30.29 3.65 33.76 4.30 1.917 0.060
13+ 147.09 428 14941 414 1296 0200 34.92 412  37.12 3.69 1.200 0.235
14+ 154.48 425 150.71 3.06 2443 <0017 41.67 453 4059 417 0.554 0.581
15+ 161.65 437 152.40 354 5766 <0.001 47.04 488 4395 3.75 1.442 0.154
TABLE 3

Descriptive statistics of percent body fat and total upper arm length in school-going children of Amritsar, Punjab

Age-groups Percent body fat t-value p-value Total arm length t-value p-value
(yrs) (%) (cm)

Boy students Girl students Boy students Girl students

Mean SD Mean SD Mean SD Mean SD
6+ 18.48 318 2318 220 7.067 <0.001 48.70 289 48.70 243 0.003 0.998
7+ 17.41 317 2413 291 9.075 <0.001 50.60 271 5135 3.82 0.910 0.366
8+ 17.98 220 2470 233 11207 <0.001 54.38 262 53.89 227 0.807 0.422
o+ 20.32 365 25.07 3.19 5502 <0001 56.61 250 56.62 2.68 0.017 0.986
10+ 18.37 314 2554 276 9.006 <0.001 57.28 429 57.62 5.27 0.294 0.769
11+ 20.02 320 27.75 214 6.991 <0.001 60.70 203 63.09 2.76 2.437 <0.018
12+ 20.67 330 28.07 321 8897 <0001 63.14 274 6445 5.37 1.256 0.214
13+ 20.77 352 28.36 192 8147 <0.001 66.86 348 67.58 2.87 0.769 0.445
14+ 23.57 339 29.02 333 5656 <0001 70.91 3.75 6850 3.26 2.784 <0.007

15+ 22.21 311 31.70 2.02 13.423 <0.001 74.07 299 70.22 371 4.644 <0.001
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TABLE 4
Descriptive statistics of upper arm length and forearm length in school-going children of Amritsar, Punjab
Age-groups Upper arm length t-value p-value Forearm length t-value p-value
(yrs) (cm) (cm)
Boy students Girl students Boy students Girl students
Mean SD Mean SD Mean SD Mean SD
6+ 20.76 201 2050 203 0517 0607 1553 202 15.80 213 0534  0.595
7+ 21.33 136 2167 166 0909 0367 1649 140 16.66 1.83 0424  0.673
8+ 22.94 127 2258 122 1186 0240 1799 125 17.78 1.46 0640 0.524
9+ 23.82 183 2383 193 0033 0974 1873 162 18.79 1.49 0.142  0.887
10+ 24.00 204 2408 258 0127 0.899 1894 183 19.04 2.63 0.173  0.863
11+ 25.27 163 26.89 234 3258 <0.002 2043 128 20.74 2.08 0.740  0.462
12+ 26.92 243 2734 241 0713 0479 2047 232 21.26 2.27 1401  0.166
13+ 28.53 209 2888 139 0798 0428 21.92 178 22.33 1.40 1.037  0.303
14+ 29.86 194  29.97 153 0253 0801 23.67 150 2210 2.20 3.392 <0.001
15+ 31.27 150 30.81 188 1091 0279 24388 177 2264 1.60 5.390 <0.001
TABLE5
Descriptive statistics of hand length and hand breadth in school-going children of Amritsar, Punjab
Age-groups Hand length (cm) t-value p-value Hand breadth (cm) t-value p-value
(yrs) Boy students Girl students Boy students Girl students
Mean SD Mean SD Mean SD Mean SD
6+ 1241 0.68 1240 099 0.058 0.954 5.78 0.40 5.64 0.40 1404 0.165
7+ 12.79 0.70  13.02 114 0998 0.322 5.86 0.35 5.82 0.46 0.395 0.694
8+ 1345 064 1354 064 0567 0.573 6.11 0.36 6.02 0.45 0.843  0.402
9+ 14.06 058 14.00 076 0328 0.744 6.42 0.32 6.23 0.40 2.137 <0.036
10+ 14.33 105 1451 087 0.752 0.455 6.48 0.46 6.55 0.48 0.632  0.530
11+ 15.00 087 1545 1.00 1.974 <0.053 6.82 041 6.90 0.54 0.639  0.525
12+ 15.74 0.78 1585 119 0416 0.679 6.95 0.39 6.98 0.49 0277 0.783
13+ 16.41 107 16.37 0.85 0191 0.849 7.38 0.55 7.26 0.46 0973 0334
14+ 17.38 106 1643 0.75 4.183 <0.001 7.93 0.49 7.28 0.35 6.149 <0.001
15+ 17.92 067 16.77 0.86 6.078 <0.001 8.23 043 7.47 0.38 7.535 <0.001
TABLE 6
Correlation coefficients and linear regression of dominant handgrip strength with selected anthropometric variables
in school-going children of Amritsar, Punjab
Variables Correlations Linear regression
Boy students Girl students Boy students Girl students
r p r p R? P R? P
NDHGS 0.920 <0.001 0.871 <0.001 0.847 <0.001 0.758 <0.001
HT 0.747 <0.001 0.719 <0.001 0.558 <0.001 0.517 <0.001
BW 0.657 <0.001 0.673 <0.001 0431 <0.001 0.453 <0.001
%BF -0.102 0.060 -0.058 0.290 0.011 0.063 0.003 0.295
TAL 0.684 <0.001 0.657 <0.001 0.467 <0.001 0431 <0.001
UAL 0.578 <0.001 0.567 <0.001 0.334 <0.001 0.322 <0.001
FAL 0.582 <0.001 0.569 <0.001 0.339 <0.001 0.324 <0.001
HL 0.683 <0.001 0.677 <0.001 0.466 <0.001 0.458 <0.001
HB 0.758 <0.001 0.692 <0.001 0.575 <0.001 0.478 <0.001
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However, statistically significant differences
(p<0.053-0.001) were found only in age-groups 11,
14 and 15 years. In hand breadth, boy students had
the higher mean valuesin all the age-groups except,
10-12 yearswheregirl studentstook the upper hand.
However, significant differences (p<0.036-0.001)
werefound in age-groups 9, 14 and 15 yearsfor this
trait.

The bivariate correlation coefficients (r) and
linear regression of dominant right handgrip srength
with selected anthropometric variables in Indian
school-going children were shown in Table 6. Highly
significant positive correlations (p < 0.001) of
dominant handgrip strength were observed with all
the anthropometric variables studied, except percent
body fat both in boy and girl students.

It isreported that handgrip strength determines
the muscular strength of an individual (Foo, 2007).
Thus, an increasein handgrip strength determinesthe
physical strength of aperson. It isalso reported that
contractile properties of human skeletal muscles
become mature early in infancy (Malina and
Bouchard, '91). The findings of the present study
indicated a gradual increment of both right and | eft
handgrip strength, also the anthropometric variables
studied, from 6 to 15 years both in boy and girl
students (see Tables 1to 5). Statistically highly
significant sex differences (p < 0.001) werefound in
age groups 9, 10, 14 and 15 years only in non-
dominant handgrip strength. In fact, handgrip srength
is one of the characteristics of handedness which is
an important aspect of population variation studies.
Handednessisamultifactorial trait, having heredity
as one of its factors. From anthropological point of
view, variationsin thedistribution of handednessin
Indian populations have been reported earlier
(Mahotra,’ 71, 76; Dronamraju, ’ 75; Daset al ., ' 85a,
b; ’86a, b, ¢c; Bhasin, '86). Oneimportant factor was
noticed in this study, that was high frequency of | eft
handedness among the boys of this Punjabi
population. In fact, the highest frequency (19.74%)
of left handednesswasreported in the males of Koya
Doras population of Andhra Pradesh (Dronamraju,
'75) sofar. But in the present study, the frequency of
| eft handedness was reported to be as high as21.65%,
whichwasstriking one. In our earlier study also, the
frequency of left handedness in adult Punjabi

population was reported as 31.79% (K oley and Singh,
2009). The reason may be, in most of the parts of
India, the gene pool is comparatively rigid with
restricted marriage pattern, i.e. strict endogamy, but
in Punjab, gene admixture occurred since along back,
giving the popul ation a heterogeneous status. Foreign
invaderslike Persians, the Greeks, the Scythians, the
Parsians, the Huns, the Turks, and the Mughalscame
to Indiathrough thisNorth-West gateway, giving more
chances of mixing of genetic materials. Another
reason may be of small sasmple size.

Apart from age, gender and heredity, number of
other factors are also responsible for handgrip
strength, such as nutritional status (Klidjian, ' 82;
Brozek, '84; Watters et al., '85; Vaz et al., '96;
Jegjeebhoy, ' 98; Manandhar, ' 99; Chilimaand Ismail
2001; Pieterse et al., 2002; Kaur and Koley, 2010),
socio-economic status (Henneberg et al., 2001, ' 98;
Koley and Khanna, 2014) etc.

It wasreported earlier that physical performance
had a strong association with body strength, shape,
size, form and structure of an individual (Malina et
al., '87; Ross and Rasblad, 2002). The findings of
the present study followed the same direction (Table
6) highlighting ahighly significant positivecorrelation
between all the anthropometric variables studied,
except percent body fat and dominant right handgrip
strength both in boy and girl students. It wasreported
that asarule, maleswerestronger (regarding dominant
handgrip strength) than femalesacrossall age-groups
(Newman et al., '84; Mathiowetz et al., '86; Koley
and Khanna, 2014; Koley and Milton, 2010; Koley
and Singh, 2009; Singh et al., 2009). Thefindings of
the present study too foll owed the same direction in
Indian school-going boys and girls, reporting
gtatistically highly significant sex differences (p <
0.001) in right dominant and non-dominant handgrip
strength in age-groups 8, 9, 14 and 15 years. It was,
in fact, reported earlier that men possessed
considerably greater strength than women for all
muscl e groups tested. Women scored about 50% lower
than men for upper body strength and about 30% less
for leg strength (McArdleet 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
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Chowdhuri ('91) concluded in the same direction that
right and left handgrip strength was positively
correlated with age, height, weight and body surface
area.

CONCLUSION

Thefindingsof the present study would be of great
value in medical anthropology research, population
variation studies and in physical therapy treatment
strategies. In order to properly diagnose various
muscul oskdl etal deformities, especially rel ated to upper
extremities, and for their rehabilitation, theassessment
of normative valuesfor age-specific range of handgrip
strength and its association with physical and
physiological traitsisessential.
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