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Abstract
The purpose of this study was to determine gender differences in hand grip strength of the child athletes
using absolute, ratio and allometric scaling methods. 75 male (age: 10.47 ± 1.11 years) and 65 female
(age: 10.51 ± 1.13 years) healthy and physical active child athletes aged 8-10 years volunteered to
participate in this study. Arm volume measurements of the child athletes were conducted using a water
displacement method. Right and left hand grip strength was measured with hand dynamometer.
A dependent t-test was used to make a gender-based comparison of hand grip strength in absolute and
proportion to body size. There were no significant strength differences found between boys and girls in
terms of absolute, ratio scaling and allometric scaling methods related to arm volume (p>0.05). However,
maximum hand grip strength of the boys was higher than girls both ratio scaling and allometric scaling
methods related to body mass (p<0.05).
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Introduction
Strength of the hand grip is often used as an indicator of
overall physical strength [1,2], general health status [3], hand
and forearm muscle performances [4] and as an index of
nutritional status [5,6]. Hand grip strength can be used in both
children [2,5,7] and adults [1,3]. It is influenced by many
factors including age, gender, handedness, motivation, position
of extremity during test and body size [8-11]. In several
studies, it is shown that anthropometric variables, such as
height, weight [2,12-15], hand length [16,17], hand width [17],
body mass index [2], body surface area [12] correlate with grip
strength.
One of the problems encountered in comparing the strength
measurement is allowing for the effect of body size. Body size
is an important factor in determining individual's muscle
strength, but how strength measurements should be normalized
for differences in body size are controversial [18]. Various
scaling models have been used for the normalization of
performance measurement. The most widely used of these
models are ratio scaling, linear regression, ANNOVA and
allometric scaling [19]. Allometric scaling is the most accepted
model to normalization of data through the removal of the
direct influence of body size [20,21]. Allometric scaling is the
nonlinear regression model fitted to data set [22]. In this
model, it is believed that relationship between depended
(performance or physiological variables) and independent
anthropometric variables is curvilinear and passes through the
origin [23].
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Methods
Participants
A total of 130 child athletes from basketball, volleyball and
handball (65 girls and 75 boys) volunteered to participate in
this study. Physical characteristics of girls and boys are
presented in Table 1. Age, height, right and left arm volume of
the boys were similar to girls while body mass of girls
significantly higher than those of boys (p<0.05). Subjects were
informed about the study and signed informed consent form.
Before the data were collected participants were familiarized
with test procedures.
Table 1. Physical characteristics of boys and girls.
Variables

Girls (mean ± sd)

Boys (mean ± sd)

t

Age (years)

10.51 ± 1.13

10.47 ± 1.11

0.216

Height (cm)

149.78 ± 11.37

148.81 ± 12.57

0.476

Body mass (kg)

46.10 ± 11.87

38.50 ± 12.05

3.749*

Right arm volume (l)

1.249 ± 0.373

1.132 ± 0.400

1.784

Left arm volume (l)

1.234 ± 0.377

1.120 ± 0.393

1.746

Anthropometric measurements
Heights of the children were measured by a wall-mounted
stadiometer (Holtain Ltd, Crymych, Wales). Body mass was
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measured by using a scale (Tanita HD 358 Japan) with
participants wearing short and T-shirt.
The volume of right and left arm was measured using a water
displacement method. A cylindrical volumeter with a depth of
70 cm and a radius of 10 cm was used to measure the volume
of the each arm as shown in Figure 1. The volumeter was
placed on a flat surface and filled with warm water (25-28˚C)
to the level of the spout. After the water stopped overflow from
the spout, each arms of the participants were signed with a
permanent pencil at the level of the axilla. Participants were
immersed their arms into the volumeter and kept them in a
vertical position. When the top of the volumeter contact with
the axilla, participant was instructed to maintain their positions
until the water stopped dripping from the spout. Overflow
water was collected in a plastic container and measured with
500 ml graduated cylinder. All the volumetric measurements
were taken between 09:00-12:00 a.m.

Figure 1. Cylindrical volumeter for measuring arm volume Hand grip
Strength Measurements.

The grip strength of both right and left hands was measured
using a digital hand dynamometer (TKK 5401, Takei Scientific
Instruments, Japan) in a standing position with the shoulder
adducted and elbow in full extension. The subjects were asked
to squeeze the dynamometer with as much force as possible
with both right and left hands. Three attempts were made by all
subjects and the better performance was recorded.

Data analysis
Hand grip strength values of male and female participants were
allometrically corrected according to their body size. To this
end, relations between the dependent variables (Right Hand
grip Strength (RHS) and Left Hand grip Strength (LHS)) and
independent variables (Body Mass (BW), Right Arm Volume
(RAV), Left Arm Volume (LAV)) were analysed using
nonlinear allometric model of “y=aXb”. In this formula: “y”
refers to dependent variables (Right Hand grip Strength (RHS)
or Left Hand grip Strength (LHS)); “a” to proportional
coefficient; “X” to independent variables (Body Mass (BW),
Right Arm Volume (RAV) or Left Arm Volume (LAV)); and
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“b” to exponent (allometric exponent). Natural logarithm of the
dependent and independent variables were taken in the nonlinear allometric model and were converted into the linear form
of “(ln); ln y=ln a+b ln X+ln ε”. In this formula: “ln y” refers
to dependent variable; “ln a” to the point where the line
intersects with the y-axis; “b” to line curve; “ln X” to
independent variable; and “ln ε” error term. Allometric model
was developed for the independent variables having common b
exponent for both groups. For this purpose, after the allometric
model was converted into a linear one, Group x ln X
interaction term was included in the model together with
Group (g) (girls=0, boys=1) variable, giving the following
equation:
ln y = ln a + cG + d (G x ln X) + b ln X + ln ε
In this equation, significance of both G x ln BM, G x ln RAV
and G x ln LAV terms were tested separately for both Right
Hand grip Strength (RHS) and Left Hand grip Strength (LHS).
Since normal distribution of dependent and independent
variables is a pre-condition for allometric model, normality of
variables was tested using Kolmogorov-Smirnov One Sample
Test after logarithmic conversion of strength values and body
size values. No variable was found to statistically significantly
deviate from the normal distribution (p>0.05). After the
variables were inserted into the model, G x ln BM, G x ln RAV
and G x ln LAV and Left Hand grip Strength (LHS) interaction
terms were found to be statistically insignificant for Right
Hand grip Strength (RHS) and Left Hand grip Strength (LHS)
(p>0.05). In other words, relations between Right Hand grip
Strength (RHS)-Body Mass (BM), Right Hand grip Strength
(RHS)-Right Arm Volume (RAV), Right Hand grip Strength
(RHS)-Left Arm Volume (LAV), Left Hand Grip Strength
(LHS)-Body Mass (BM), Left Hand Grip Strength (LHS)Right Arm Volume (RAV), Left Hand Grip Strength (LHS)Left Arm Volume (LAV) and curves of the lines representing
these relations were found to be similar between the groups.
Since “G x ln BM, G x ln RAV” and “G x ln LAV” interaction
terms of Right Hand grip Strength (RHS) and Left Hand grip
Strength (LHS) were insignificant for the formula equation,
these terms were excluded from the model to produce the
following equation;
ln y = ln a + cG + b ln X + ln ε
95% confidence intervals of the b exponents of the terms
included in the developed models were calculated. In addition,
error terms of the models were analysed to check whether the
strength variables were freed from body size. KolmogorovSmirnov One Sample Test was used to test the normal
distribution of error terms. In all models, error terms were
found to show normal distribution (p>0.05). Differences
between the handgrip strength values of girls and boys were
examined after the strength variables (independent variables)
of the groups were free from the body size as a result of
allometric model ((y/Xb) (y: Right Hand grip Strength (RHS)
and Left Hand grip Strength (LHS); X: Body mass, Right Arm
Volume (RAV) and Left Arm Volume (LAV), b: exponent))
[24].
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A dependent t test was used to compare differences between
the handgrip strength values (absolute, ratio-scaled and
allometrically-scaled to body size) of girls and boys.

Results
Absolute and ratio-scaled hand grip strength of girls and boys
related to body mass, left arm volume and right arm volume
were presented in Table 2. There were no significant strength
differences found between boys and girls in terms of absolute
and ratio scaling methods related to right and left arm volume
(p>0.05). However, boys had greater right and left hand grip
strength values than their girls’ counterparts in related to body
mass (p<0.05) as shown in Table 2.
Table 2. Hand grip strength of the girls and boys expressed in
absolute terms and ratio scaled to body mass, left and right arm
volume.

RHS: Right Hand Grip Strength (kg); LHS: Left Hand Grip Strength (kg); BM:
Body Mass (kg); RAV: Right Arm Volume (liter); LAV: Left Arm Volume (liter).

Allometrically scaled hand grip strength of girls and boys
related to body mass, left arm volume and right arm volume
were presented in Table 4. When the right hand grip strength
and left hand grip strength values allometrically scaled to right
arm value and left arm value, there were no significant grip
strength differences found between boys and girls (p>0.05).
However, When the right hand grip strength and left hand grip
strength values allometrically scaled to body mass, maximum
right and left hand grip strength scores of the boys were higher
than girls (p<0.05) as shown in Table 4.
Table 4. Hand grip strength of the girls and boys expressed in
allometrically scaled to body mass, left and right arm volume.
Variables

t

(kg.kg-1 0.82 ± 0.20

0.93 ± 0.29

-2.579*

LHS/BM0.87
BM0.87)

(kg.kg-1 0.62 ± 0.14

0.71 ± 0.22

-2.919*

(kg.l-1 15.89 ± 4.33

16.35 ± 3.91

-0.66

(kg.l-1 14.92 ± 3.86

15.57 ± 3.84

-0.983

Girls mean ± sd

Boys mean ± sd

t

RHS (kg)

18.15 ± 5.18

17.75 ± 6.89

0.38

LHS (kg)

17.13 ± 4.84

16.97 ± 6.99

0.163

RHS/BM
(kg.BM-1)

0.40 ± 0.10

0.47 ± 0.17

-2.986*

RHS/RAV0.69
RAV0.69)

LHS/BM
(kg.BM-1)

0.38 ± 0.09

0.45 ± 0.15

-3.236*

LHS/LAV0.76
LAV0.76)

RHS/RAV
(kg.l-1)

15.19 ± 4.69

16.05 ± 3.82

-1.201

LHS/LAV

Boys mean ± sd

RHS/BM0.81
BM0.81)

Variables

(kg.l-1)

Girls mean ± sd

*p<0.05

RHS: Right Hand Grip Strength (kg); LHS: Left Hand Grip Strength (kg); BM:
Body Mass (kg); RAV: Right Arm Volume (liter); LAV: Left Arm Volume (liter).
14.44 ± 4.11

15.35 ± 3.66

-1.386

*p<0.05

RHS: Right Hand Grip Strength (kg); LHS: Left Hand Grip Strength (kg); BM:
Body Mass (kg); RAV: Right Arm Volume (liter); LAV: Left Arm Volume (liter).

Common allometric formulas for girls and boys were
constructed from the independent variables that include
common b exponent for both groups. Common allometric
formulas derived from right arm volume, left arm volume and
body mass for right and left hand grip strength are presented in
Table 3. Common b exponents derived for Right Hand Grip
Strength
(RHS)
were
RAV0.69 (95%
confidence
interval=0.56-0.82)
and
BM0.81 (95%
confidence
interval=0.65-0.95), derived for LHS were LAV0.76 (95%
confidence interval=0.63-0.88) and BM0.87 (95% confidence
interval=0.72-1.01) as shown in Table 3.
Table 3. Allometric formulas for Right Hand Grip Strength (RHS) and
Left Hand Grip Strength (LHS) derived from Right Arm Volume
(RAV), Left Arm Volume (LAV) and Body Mass (BM).
ln RHS=(2.73 ± 0.03)+(0.04 ± 0.04) G+(0.69 ± 0.06) ln RAV
ln LHS=(2.67 ± 0.03)+(0.13 ± 0.05) G+(0.76 ± 0.07) ln LAV
ln RHS=(-0.21 ± 0.28)+(0.12 ± 0.05) G+(0.81 ± 0.07) ln BM
ln LHS=(-0.48 ± 0.28)+(0.13 ± 0.05) G+(0.87 ± 0.07) ln BM
*p<0.05
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Discussion
The purpose of this study was to determine gender differences
in hand grip strength of the child athletes (10-12 years old)
using absolute, ratio and allometric scaling methods. The
findings of this study demonstrated that there were no
significant differences in both absolute right hand grip and left
hand grip strength scores between boys and girls. Similarly,
when hand grip strength values were normalized for arm
volume, ratio and allometrically scaled maximum hand grip
strength scores of the boys and girls were similar. However,
When the hand grip strength values scaled to body mass as a
rationally and allometrically, maximum right and left hand grip
strength scores of the boys were higher than girls.
Studies examining handgrip strength between genders produce
conflicting results. While some studies suggest that absolute
handgrip strength values of males are higher than those of
females [6,25,26], some others express no statistically
significant difference between genders [27]. Effects of age as
well as maturity level should be ignored when analysing
strength differences between groups. Various studies have
shown a significant increase in handgrip strength of both girls
and boys with the transition from childhood to adolescence
[7,9,16,25]. However, girls become adolescents generally at
earlier ages than boys. Therefore, significant increases in the
absolute handgrip strength values of girls to have become
adolescent may be higher than those of the pre-adolescence
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boys at the same chronological age. In their study on handgrip
strength of the adolescent girls and boys aged 11-14 years, [9]
found that absolute handgrip strength values of the girls aged
11 years was higher than those of the same-aged boys, but this
difference was not statistically significant. However, handgrip
strength values of males significantly higher than female
counterparts after the 11 years old due to hormonal reasons. It
is stated that the effect of growth and testosterone hormones on
handgrip strength is greater in boys than in girls [6,28].
In addition to maturity level and age, body size should be taken
into consideration to make a correct comparison between the
performance values of groups. Jaric et al. stated that body size
has important effects on muscle strength and, as a result,
expression of strength values in relation to body size would be
a more appropriate approach to be adopted in comparison of
athletes’ performance values [18]. Different methods can be
used in scaling performance values to body size. Among these
methods, the most commonly used are ratio scaling and
allometric scaling.
Ratio scaling method divides performance (i.e. strength) values
directly by body size [29]. This is one of the methods mostly
widely used to free performance variables from the effects of
body size [22]. In other words, the purpose of this method is to
normalize the performance increase brought by increase in
body mass. This thought is supported by the following findings
of the present study: strength values of girls are higher than
those of boys in absolute terms, at a statistically insignificant
level though, and strength values of boys are higher than those
of girls when body mass factor is considered. However, ratio
scaling method is criticised since it assumes a linear relation
between the performance variables and body size and, as a
result, produces disadvantageous results for those with heavier
bodies (to penalize heavier individuals) [30].
Allometric scaling is another method used in analyses of
performance values of groups. Allometric scaling method is
the most valid approach which ensures data normalization by
eliminating body size effects [20]. Since it removes scalinginduced performance score disadvantages of heavier
individuals, it is more effective than ratio scaling method [24].
This study produced no statistically significant difference
between the genders when strength values were scaled to arm
volume both proportionally and allometrically. However, when
the strength were scaled to body mass, strength values
produced by boys were found to be higher than those of girls in
both methods although the difference between the groups was
reduced by the allometric method as shown in Tables 2 and 4.
Some studies analysing the performance differences between
groups suggest that performance difference between the groups
decrease [19] and some other studies state that this difference
totally disappears after allometric scaling [19,20,31]. However,
these studies make comparisons on the basis of different
performance variables (power, strength etc.).
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Conclusion
When the handgrip strength of girls and boys aged 8-10 years
was scaled to arm volume via absolute, ratio scaling and
allometric scaling methods, no statistically significant
difference was found between the groups, while boys were
recorded to have statistically significantly higher handgrip
strength values than girls when this strength is scaled to body
mass. Although allometric scaling method decreased the
strength value difference between the groups, it did not have
any effect on the statistical results.

References
1. Massy-Westropp N, Rankin W, Ahern M, Krishnan J,
Hearn TC. Measuring grip strength in normal adults:
reference ranges and a comparison of electronic and
hydraulic instruments. J Hand Surg Am 2004; 29: 514-519.
2. Jurimae T, Hurbo T, Jurimae J. Relationship of handgrip
strength with anthropometric and body composition
variables in prepubertal children. Homo 2009; 60: 225-238.
3. Giampaoli S, Ferrucci L, Cecchi F, Lo Noce C, Poce A.
Hand-grip strength predicts incident disability in nondisabled older men. Age Ageing 1999; 28: 283-288.
4. Nwuga VC. Grip strength and grip endurance in physical
therapy students. Arch Phys Med Rehabil 1975; 56:
297-300.
5. Kenjle K, Limaye S, Ghugre PS, Udipi SA. Grip strength
as an index for assessment of nutritional status of children
aged 6-10 years. J Nutr Sci Vitaminol (Tokyo) 2005; 51:
87-92.
6. Montalcini T, Ferro Y, Salvati MA, Romeo S. Gender
difference in handgrip strength of Italian children aged 9 to
10 years. Ital J Pediatr 2016; 42: 16.
7. Dunn W. Grip strength of children aged 3-7 years using a
modified sphygmomanometer: comparison of typical
children and children with rheumatic disorders. Am J
Occup Ther 1992; 47: 421-428.
8. Hanten WP, Chen WY, Austin AA, Brooks RE, Carter HC.
Maximum grip strength in normal subjects from 20 to 64
years of age. J Hand Ther 1999; 12: 193-200.
9. Niempoog S, Siripakarn Y, Suntharapa T. An estimation of
grip strength during puberty. J Med Assoc Thai 2007; 90:
699-705.
10. Oxford KL. Elbow positioning for maximum grip
performance. J Hand Ther 2000; 13: 33-36.
11. Koley SM, Gandhi A. Effect of hand dominance in grip
strength in collegiate population of Amritsar, Panjab, India.
Anthropolog 2010; 12: 13-16.
12. Chatterjee S, Chowdhuri BJ. Comparison of grip strength
and isometric endurance between the right and left hands of
men and their relationship with age and other physical
parameters. J Hum Ergol 1991; 20: 41-50.
13. Aghazadeh F, Lee K, Waikar A. Impact of anthropometric
and personal variables on grip strength. J Hum Ergol
(Tokyo) 1993; 22: 75-81.

Biomed Res- India 2017 Volume 28 Issue 4

Gender differences in hand grip strength of the child athletes by using absolute, ratio and allometric scaling methods
14. Schmidt RT, Toews JV. Grip strength as measured by the
Jamar dynamometer. Arch Phys Med Rehabil 1970; 51:
321-327.
15. Liao K. Hand grip strength in low, medium, and high body
mass index males and females. M East J Rehabil Health
2016; 3: 1-7.
16. Hager-Ross C, Rosblad B. Norms for grip strength in
children aged 4-16 years. Acta Paediatr 2002; 91: 617-625.
17. Clerke AM, Clerke JP, Adams RD. Effects of hand shape
on maximal isometric grip strength and its reliability in
teenagers. J Hand Ther 2005; 18: 19-29.
18. Jaric S. Muscle strength testing: use of normalisation for
body size. Sports Med 2002; 32: 615-631.
19. Hazir T, Kosar NS. Assessment of gender differences in
maximal anaerobic power by ratio scaling and allometric
scaling. Isokinetics and Exerc Sci 2007; 15: 253-261.
20. Jacobson BH, Thompson BJ, Conchola EC, Glass RA.
Comparison of absolute, ratio and allometric scaling
methods for normalizing strength in elite American football
players. J Athl Enhanc 2013; 2: 2.
21. Dos Santos FK, Nevill A, Gomes TN, Chaves R.
Differences in motor performance between children and
adolescents in Mozambique and Portugal: impact of
allometric scaling. Ann Hum Biol 2016; 43: 191-200.
22. Nevill AM, Holder RL. Scaling, normalizing, and per ratio
standards: an allometric modeling approach. J Appl Physiol
1995; 79: 1027-1031.
23. Markovia G, Sekulia D. Modelling the influence of body
size on weightlifting and powerlifting performance. Coll
Antropol 2006; 30: 607-613.
24. Batterham AM, George KP. Allometric modeling does not
determine a dimensionless power function ratio for

Biomed Res- India 2017 Volume 28 Issue 4

maximal muscular function. J Appl Physiol 1997; 83:
2158-2166.
25. Newman DG, Pearn J, Barnes A, Young CM, Kehoe M.
Norms for hand grip strength. Arch Dis Child 1984; 59:
453-459.
26. Mathiowetz V, Wiemer DM, Federman SM. Grip and pinch
strength: norms for 6- to 19-year-olds. Am J Occup Ther
1986; 40: 705-711.
27. Link L, Lukens S, Bush MA. Spherical grip strength in
children 3 to 6 years of age. Am J Occup Ther 1995; 49:
318-326.
28. Neu CM, Rauch F, Rittweger J, Manz F, Schoenau E.
Influence of puberty on muscle development at the forearm.
Am J Physiol Endocrinol Metab 2002; 283: E103-107.
29. Folland JP, Mc Cauley TM, Williams AG. Allometric
scaling of strength measurements to body size. Eur J Appl
Physiol 2008; 102: 739-745.
30. Winter E. Scaling: partitioning out differences in size.
Pediatr Exerc Sci 1992; 4: 296-301.
31. Crewther BT, Gill N, Weatherby RP, Lowe T. A
comparison of ratio and allometric scaling methods for
normalizing power and strength in elite rugby union
players. J Sports Sci 2009; 27: 1575-1580.
*Correspondence

to

Mihri Baris Karavelioglu
Department of Physical Education and Sports
Dumlupinar University
Turkey

1537

