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SUMMARY: This study was designed to determine the effect of testing posture and elbow position on grip
strength in individuals aged between 9 and 18 years. A hand dynamometer (Takei, Tokyo, Japan) was used to
measure grip strength of 546 subjects (213 girls, 333 boys) in two positions: (1) standing with elbow in full
extension, forearm in full supination (anatomical position) and (2) sitting with elbow in 90° flexion, forearm
in semipronation lying on an arm rest. The subjects were asked to squeeze the dynamometer three times with
each hand and for each testing positions with 1-minute resting period between each trial in order to overcome
fatigue. Paired samples t test was used to evaluate the two testing positions. Only the right grip strength was
significantly higher in anatomical position in girls (p<0.05). Besides this result, no statistically significant dif-
ferences were reported for the left grip strength of girls, and for both hands of boys (p>0.05) when the two test-
ing positions were considered. The testing posture and elbow position had mostly little effect on grip strength
of the young age group contrary to adults, which may somewhat be explained with the still ongoing process of
the individuals participated in the study.
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INTRODUCTION
The hand is an organ specialized for grip and sen-

sation of utmost importance. This makes the hand to be
an irreplaceable and subtlest instrument of work as well
as a sensory organ of humans. The grip is an act of
taking by hand and keeping a firm hold of any object,
tool or instrument having different forms for the use of

hand, such as the whole hand or the individual fingers
(1,2). 

It is prominently accepted that grip and pinch
strength measurements provide an objective index of the
functional integrity of the upper extremity (3-10). Besides,
grip strength can be an important index of general health
(4,10,11), nutritional status (12), overall strength (5,11,
13) and the amount of protein reserves in the body (14).
Furthermore, the measurement of grip strength has
great importance for occupational health purposes (9).
The measurement of grip strength is an important com-
ponent of hand rehabilitation, because it helps establish
a baseline for treatment and it is a measure of the effec-
tiveness of therapy (15-17). 
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Various studies are available in the literature stress-
ing the effect of testing posture and joint posture on grip
strength (3,15,18-23). 

The aim of this study was to evaluate the effect of
testing posture and elbow position on grip strength in
individuals aged between 9 and 18 years.

MATERIALS AND METHODS 
A total of 546 subjects (213 girls, 333 boys) aged between

9 and 18 years participated in the study. 

Informed consents of all participants were obtained. The

Ethics Committee of Karaelmas University also endorsed its

approval for the study.  

A digital hand dynamometer (Takei) was used to measure

grip strength in two positions: (1) The volunteer standing with

elbow in full extension, forearm in full supination (anatomical

position) and (2) the volunteer sitting on a chair, with the elbow

flexed at 90° and the forearm in semipronation lying on an arm

rest. Each volunteer was asked to squeeze the dynamometer

three times with each hand and for each testing positions. The

test was performed on one hand after another. There was a 1-

minute resting period between each squeeze in order to over-

come fatigue. The mean value of three squeezes was taken into

account (11). 

Statistical analyses were performed with SPSS for Win-

dows Release 11.01. Statistical comparisons of mean values of

the two testing positions were performed with paired samples t

test.

RESULTS
Results indicated that only the right handgrip

strength was significantly higher in anatomical position in
girls (p<0.05) (Table 1). Besides this result, no statisti-
cally significant differences were reported for the left grip
strength of girls (Table 1), and for both hands of boys and
for both hands of the whole study group (Tables 1 and 2)

(p>0.05) when the two testing positions were considered. 

DISCUSSION
The usual way of measuring grip strength is by

using all five fingers to maximally grip onto a handgrip
dynamometer (24). There are several studies in the liter-
ature establishing grip strength norms of children
(4,10,11).  There are various studies in the literature eval-
uating the effect of wrist position on grip strength (19,25-
27). Teraoka studied the effect of three body positions
(standing, sitting and supine) on grip strength with elbow
extended in each test position and indicated that grip
strength was found to be stronger in standing position
than in sitting position (28).

In the study of Mathiowetz et al., in which grip
strength was evaluated with the elbow in 90° and in full
extension, it was stated that grip strength scores were
significantly higher when the elbow was in a 90° flexed
position (21). The elbow flexed at 45° allows higher grip
strength than when it is at 90° or with elbow in full exten-
sion (9).

In the study of Hillman et al. grip strength was high-
est when subjects were seated in a chair with their
elbows unsupported. They also suggested that when the
upper limb was not supported, grip strength became
stronger due to the synergistic actions of other muscles,
but suggested this to be variable (12). 

In the study of Kuzala and Vargo, grip strength of 46
participants aged between 21 and 46 years were evalu-
ated. Four elbow positions were used (0°, 45°, 90° and
135° of flexion) with the dominant hand. They stressed
that the greatest grip strength was observed with 0° of
flexion of the elbow, whereas the weakest was observed
with the elbow in 135° of flexion (20).

Table 1: Comparison of right handgrip strength values in two different positions.

Right handgrip strength (Kgf)

(Anatomical position)

Mean ± SD

Right handgrip strength (Kgf)

(Elbow flexion)

Mean ± SD

Girls (n = 213) * 19.59 ± 5.64 19.00 ± 4.76

Boys (n = 333) 23.16 ± 9.55 23.36 ± 9.93

Whole Group (n = 546) 21.77 ± 8.42 21.65 ± 8.57

*Paired samples t test, p<0.05.
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In the study of Balogun et al., grip strength of domi-
nant hands of 61 individuals aged between 16 and 28
years were evaluated in four positions. They reported
that grip strength was the lowest in the sitting position
with elbow in 90° flexion, whereas it was the highest with
the subject standing with elbow in full extension. The only
significant difference reported was between sitting with
elbow in 90° flexion and standing with elbow in full exten-
sion (3).  

In the study of Boadella et al., grip strength values
were found to be higher in standing position versus sitting
position, although no statistical analysis is available con-
cerning the comparison of standing and sitting postures
(29).

In the study of Su et al. it was stated that the differ-
ences between 0° shoulder flexion with elbow flexed at
90° versus 0° shoulder flexion with elbow extended were
found to be statistically significant; 0° shoulder flexion
with elbow flexed at 90° had the lowest scores (15).

All of the studies cited showed differences in maxi-
mum handgrip force in different upper limb postures.
The underlying causes of changes in strength can be
related to variation in muscle force capacity resulting
from muscle length, which is related to upper limb pos-
ture. Besides, strength is influenced by specific experi-
mental conditions such as testing protocols and the
equipment used, where the type of dynamometer is
very significant as is the diameter of the gripped sensor.
Even for the same experimental conditions different
values of maximum force can be obtained for different
populations of subjects differentiated by individual fac-
tors (30). 

In our study grip strength with elbow flexed was
found to be higher in boys for both hands, but girls had

higher grip strength values with elbow extended for both
hands (Tables 1 and 2). The only statistically significant
difference was observed between right handgrip values
of girls (Table 1). 

It can be suggested that our results are similar to
those of Mathiowetz et al. (21), Kattel et al. (9) and Hill-
man et al. (12) when boys are considered, and also
there is controversy with the results of Kuzao and Vargo
(20), Balogun et al. (3), Boadella et al. (29) and Su et al.
(15) for boys although the differences were not statisti-
cally significant. A vice versa result can be claimed to
be true when girls were considered. The age group and
individual factors can be the reasons for the argument
with the literature, as most of the individuals partici-
pated in our study are considered to continue to grow
up.

From a biomechanical perspective, the length-ten-
sion relationships of muscles involved in grip strength are
essential and should be taken into account when dealing
with issues changing elbow position. Flexor digitorum
superficialis is the only primary finger flexor that crosses
the elbow joint (31). Therefore elbow position may affect
the strength performance of this muscle. As a muscle is
placed in a shortened position, it may become incapable
of generating the tension necessary to achieve a func-
tional contraction (20). As the elbow is placed in more
degrees of flexion, flexor digitorum superficialis is pro-
gressively placed in a more shortened position, thereby
placing it at a mechanical disadvantage (20). This may
explain the decreased grip strength obtained from girls
with elbow flexion. But there is still a controversy when
boys are considered. This may somewhat be explained
with the still ongoing process of the individuals partici-
pated in our study.

Table 2: Comparison of left handgrip strength values in two different positions.

Left handgrip strength (Kgf)

(Anatomical position)

Mean ± SD

Left handgrip strength (Kgf)

(Elbow flexion)

Mean ± SD

Girls (n = 213) * 18.98 ± 4.81 18.96 ± 4.85

Boys (n = 333) 22.73 ± 9.43 22.89 ± 9.80

Whole Group (n = 546) 21.26 ± 8.15 21.36 ± 8.45

*Paired samples t test, p<0.05.
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