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ىلعرشؤموةيتاذلاةياعرلابللاقتسلالةمهمةضبقلاةوقنإ:ثحبلافادهأ
ءاحصلأادارفلأاناكاذإامديدحتىلإةساردلاهذهتفده.يفيظولاضافخنلاا
عاضوأةثلاثيفامهرابتخادنع،لاوأ:ةفلتخمةصرقةوقوديللةضبقنورهظيس
.ةنميهملاريغديلاوةنميهملاديلانيبةنراقملادنع،ايناثو؛عارذللةفلتخم

بلاطنم٦١هعومجمام،ةعباتتمةروصبو،باطقتسامت:ثحبلاقرط
١٩نيبمهرامعأحوارتتنيذلا،ةنميهملاىنميلاديلايوذنمروكذلاةعماجلا
نمةثلاثقيرطنعتاسايقلاتذخأُ.يبطلاليهأتلامولعةيلكنمةنس٢٣و
عيمجليناثلاعضوملاىلعةيوديلاةضبقلاسايقل"راماج"ضبقمطبِضُ.نيثحابلا
ءانثناةلاحيفيوديلاضبقملاىلعطغضللنيكراشملاهيجوتمتو.تاصوحفلا
اميف.ةيلدتملاعارذلاةلاحو،ةجرد٩٠فتكلاءانحناةلاحو،ةجرد٩٠عوكلا
لباقمماهبلإاةحولىلعطغضينأكراشملكىلعناك،ةصرقلاةوقبقلعتي
سفننمةصرقلاةوقسايقمتو.ةبابسللىطسولاةمظعلليشحولابناجلا
.نيكراشملانعجئاتنلاتيفخأُ.ديلاةضبقةوقسايقلةمدختسملاعضاوملا

كانهنكتملهنأامك.اريبكاريثأتةصرقلاةوقوديلاةضبقرهظتُمل:جئاتنلا
ةصرقلاةوقنألاإ.ىرسيلاوىنميلاديلاةضبقةوقةنراقمدنعةميقتاذقراوف
.ةنميهملاديلاحلاصلةريبكةدايزترهظأ

ديلاةضبقسايقليولعلافرطللعضوميأرايتخاءابطلألنكمي:تاجاتنتسلاا
ةداعتساو،ىلعظافحلاءابطلأاىلعبجيهنأةساردلاهذهترهظأ.ةصرقلاةوقو
ةنميهملاريغوةنميهملايديلأاةصرقةوقوديلاةضبقنمادجةبيرقةجرد
.يديلأاةفيظونيسحتل
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Abstract

Objective: Grip strength is important for independent

self-care and is a predictor of functional decline. This

study aimed to determine if healthy individuals would

demonstrate different hand-grip and key-pinch strengths

at three different arm positions and in comparisons be-

tween dominant and non-dominant hands.

Methods: A total of 61 right-handedominant male col-

lege students aged 19e23 years were consecutively

recruited from the College of Medical Rehabilitation

Sciences. Three researchers performed the measurements.

All tests were performed with the JAMAR� hand-grip

dynamometer handle set in its second position. Partici-

pants were instructed to squeeze the handle of the hand-

grip dynamometer in the 90� elbow flexion, 90� shoulder

flexion, and arm dangled positions. For assessment of

key-pinch strength, every participant had to squeeze the

thumb pad against the lateral aspect of the middle pha-

lanx of the index finger. Key-pinch strength was

measured in the same positions used for assessment of

hand-grip strength. Participants were blinded for the

outcome measurements. The significance level was set at

p < 0.05.

Results: The hand-grip and key-pinch strengths did not

show significant effects. Comparison of right and left

hand-grip strengths also showed insignificant differences.

However, the key-pinch strength showed a significant

increase in favour of the dominant hand.

Conclusions: Clinicians can choose any upper-extremity

position to measure hand-grip and key-pinch strength.
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Furthermore, clinicians should aim to maintain and

restore almost equal scores for hand-grip and pinch

strength of the dominant and non-dominant hands to

ensure better hand function.

Keywords: Arm positions; Hand-grip; Handedness; Key-

pinch strength

� 2019 Taibah University.

Production and hosting by Elsevier Ltd. This is an open

access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The Jamar-grip dynamometer is a simple,1 viable,2 valid,

and reliable3 assessment tool that has been extensively used
for assessment of upper-extremity strength impairments.4,5

Hand-grip dynamometer and pinch gauge readings are

extremely useful tools to measure baseline function.5,6

Studies have revealed that grip strength is a reliable
predictor of functional decline and disability.7 Syddall

et al.2 reported that maximum grip strength is significantly
correlated with self-care independence. Maintaining muscle
strength above the safety margin allows individuals to

remain functionally independent for as long as possible.8

Therefore, good muscle strength acts as a reserve that
protects healthy adults.9 Numerous studies have indicated
that changes in upper limb positions during testing affect

hand-grip strength,10e12 while other researchers did not
observe any changes in hand-grip strength as result of
changes in upper limb positions.13

In assessments of hand dominance, multiple studies have
indicated differences in hand-grip strength between the
dominant and non-dominant hands,14,15 However, several

investigators have reported no such differences.16 With
reference to pinch strength, several studies have
investigated pinch strength using different ways of
pinching; however, to the best of our knowledge, very few

studies have examined the effect of changing upper limb
position on specific pinch strengths.10 Similarly, there is no
evidence to support differences in pinch strength between

dominant and non-dominant hands.
Few studies have established reference values for hand-

grip and key-pinch strengths in different positions.4,9

Moreover, despite the close interaction between posture
and upper-extremity function, there is no recent consensus
among researchers regarding the testing postures.17 In

addition, norms for certain populations to which patients’
hand-grip and key-pinch strength scores can be compared
are not readily available.18 Therefore, this study aimed to
investigate variations in hand-grip and key-pinch strengths

at different upper limb positions. Furthermore, there is
conflicting evidence regarding the relationship between right
and left hand-grip and key-pinch strengths in normal

healthy adults. Inclusion of novel measurement concepts
will enable clinicians to arrive at an educated decision when
designing a rehabilitation program19 to restore hand-grip

and key-pinch strengths after any upper-extremity func-
tional decline.
Materials and Methods

Participants

Sixty-one consecutive healthy, right-handed males aged
between 19 and 23 years were recruited to participate in the
study. The sample size was calculated using a sample size
table and an online sample size calculator. We used a type I

error of 5% and type II error of 20% for one study group.
Many researchers encourage using a sample of participants
close in age to obtain normal reference values of hand-grip

strength among healthy subjects. The participants’ de-
mographic information was collected. All participants were
students at the College of Medical Rehabilitation, Physical

Therapy Division. Participants were included if they were
between 19 and 23 years of age, right-hand dominant,
healthy, and free from any physical disability or significant

pain. The operational definition of handedness in the current
study was the relative preference for one hand in the per-
formance of unilateral tasks. Such a definition has been
widely reported in the literature. We excluded subjects who

had a history of spinal or arm surgery, were suffering from
major health problems, showed physical disability or dia-
betes, or were underweight.

Procedure

The subjects provided written informed consent after the

study protocol was explained to them. The investigator
examined the functional mobility of the right and left
shoulder joints. Three investigators were trained to carry out

reliable measurements. Researchers instructed every subject
to demonstrate superior Apley’s test of the right shoulder
and inferior Apley’s test of the left shoulder, followed by
superior Apley’s test of the left shoulder and inferior Apley’s

test of the right shoulder. The therapists measured the dis-
tance between the fingertips of the right and left middle fin-
gers using a tape measure. A single JAMAR hand-grip and

key-pinch strength dynamometer (Sammons Preston,
Bolingbrook, IL) was calibrated according to the manufac-
turer’s specifications.4,5 The JAMAR hand-grip dynamom-

eter handle was set in its second position20 and used for all
tests. A pinch gauge was used for testing the key-pinch
strength. The investigators demonstrated the activity to the

participants. Hand-grip strength and key-pinch strength for
both hands were recorded in a single session. The order of
measurements was counterbalanced, and every participant
was instructed to generate the maximum possible force

during a single repetition. Every participant was instructed to
sit comfortably in an armless chair with the feet touching the
floor. Participants had to sit with the trunk upright, elbow

flexed to 90�, forearm and wrist in a neutral position, and not
touching the trunk. The face of the gauge was positioned
away from the participant’s face. Every participant was

instructed to squeeze the handle of the dynamometer as hard
as possible. For assessment of key-pinch strength, the
examiner held the distal end of the pinch gauge while the
participant was instructed to squeeze the thumb pad against

the lateral aspect of middle phalanx of the index finger. The
key-pinch grip was chosen since it has been widely reported
in literature.5 All measurements for hand-grip and key-pinch

http://creativecommons.org/licenses/by-nc-nd/4.0/
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strengths were recorded in one-pound (1 lb ¼ 0.45 kg) in-
crements. Measurements were taken in three different posi-

tions: 90� elbow flexion, 90� shoulder flexion, and with the
arms dangled (Figures 1a, b, and c and 2a, b, and c).

Statistical analysis

A two-way mixed factorial design analysis of variance
(ANOVA) was run to compare the strength output in mul-

tiple arm positions and between dominant and non-
dominant hands. The analysis was conducted for hand-grip
strength as well as for key-pinch strength. A paired-sample
t test was run to compare the mean scores of the right and

left sides during the tests for hand-grip strength and key-
pinch strength. Pearson correlation analyses were per-
formed to examine the relationship between participants’

strength output values obtained for every position when
testing for the hand-grip strength and key-pinch strength. A
paired-sample t test was run to compare the mean mobility
Figure 1: Hand-grip strength test using the hand-grip dynamometer (

position).

Figure 2: Key-pinch strength test using the pinch gauge (a. 90� elbo
score in the right superior left inferior Apley’s scratch test
with that in the left superior right inferior Apley’s scratch

test. Statistical significance was set at alpha �0.05. IBM
SPSS 20.0 was the software used for all data analyses (IBM
Corp. Armonk, N.Y., USA).

Results

Participants’ descriptive statistics and demographics are

presented in Table 1. A 3 � 2 mixed-design ANOVA was
performed to examine the effects of arm positions (elbow
flexed to 90�, shoulder flexed to 90�, and arms dangled) and

arm dominance (dominant and non-dominant hands) on
hand-grip and key-pinch strength.

For hand-grip strength, no significant main effects or in-

teractions were found. The arm position � hand dominance
evaluation [F (2,240) ¼ 0.371, P > 0.05], the main effect of
arm positions [F (2,240) ¼ 2.173, P > 0.05], and the main

effect of hand dominance [F (1,120) ¼ 0.308, P > 0.05] were
a. 90� elbow flexion, b. 90� shoulder flexion, and c. arm dangled

w flexion, b. 90� shoulder flexion, and c. arm dangled position).



Table 1: Demographic data of the study participants (N[ 61).

Characteristics Mean SEM Range

Age (years) 20.36 0.11 19e23

Height (cm) 171.72 0.79 158e188

Weight (kg) 72.04 2.03 50e120

BMI 26.6 0.12 23.1e29.8

Upper arm length (cm) 37.2 0.06 35.3e39.1

Midarm circumference (cm) 31.2 0.10 28.9e33.1

Triceps skinfold (mm) 12.6 0.20 11.8e14.00

Subscapular skinfold (mm) 19.4 0.32 18.7e21.3

RtSupLtInfApley’sScratch (cm) 1.64 4.11 00e22

LtSupRtInfApley’sScratch (cm) 3.80 6.20 00e26

SEM, standard error of mean; RtSupLtInfApley’sScratch, right

superior left inferior Apley’s scratch test.

LtSupRtInfApley’sScratch, Left superior right inferior Apley’s

scratch test.

Figure 3: Key-pinch strength values in pounds (mean � SD) for

the right and left hand at 90� elbow flexion, 90� shoulder flexion,

and the arm dangled position.
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insignificant. Hand-grip strength scores were not influenced
by either arm position or hand dominance. No post-hoc
comparisons were needed since the results were insignifi-

cant. Mauchly’s test of sphericity yielded insignificant find-
ings with P > 0.05, which indicates that the variances in the
differences between all possible pairs of levels of arm posi-
tions are equal. Box’s test of equality of covariance matrices

was significant at P< 0.05, which indicates that the observed
covariance matrices of the dependent variables were equal
across groups.

For the key-pinch strength, no significant interaction ef-
fect of the arm position � hand dominance [F
(2,240) ¼ 0.547, P > 0.05] was found. The main effect of arm

positions [F (2,240) ¼ 2.707, P > 0.05] was also insignificant.
However, the main effect of hand dominance [F
(1,120) ¼ 4.327, P < 0.05] was significant. A paired-sample t

test was performed to compare the mean scores of the right
and left hands. For the hand-grip strength, no significant
difference was found in any comparison, as shown in Table 2.

In assessments of the key-pinch strength, significant dif-

ferences were found for all comparisons (Figure 3). At the
90� elbow flexion position, a significant increase from the
left side to the right side was found [t (60) ¼ 3.52,

p < 0.005]. A moderate positive correlation was found [r
(59) ¼ 0.5], indicating a significant linear relationship
between the two variables. At 90� shoulder flexion, a

significant increase from the left side to the right side was
found [t (60) ¼ 2.49, p < 0.05]. A moderate positive
correlation was found [r (59) ¼ 0.6], indicating a significant
Table 2: Strength outcomes of hand-grip and key-pinch

comparing right and left side.

Strength output Right side Left side t p Value

Hand grip

90� Elbow flexion 82.5 � 15.7 81.1 � 15.6 0.99 >0.05

90� Shoulder flexion 84.8 � 18.4 82.4 � 16.8 1.58 >0.05

Arm dangled position 82.9 � 16.6 81.9 � 16.1 0.57 >0.05

Pinch grip

90� Elbow flexion 19.4 � 3.8 17.8 � 3.4 3.25 <0.005

90� Shoulder flexion 19.5 � 3.9 18.4 � 3.7 2.94 <0.05

Arm dangled position 18.6 � 4.2 18.8 � 4.1 2.68 <0.05
linear relationship between the two variables. In the arm

dangled position, a significant increase from the left side to
the right side was found [t (60) ¼ 2.68, p < 0.05]. A
moderate positive correlation was found [r (59) ¼ 0.6]

indicating a significant linear relationship between the two
variables.

The mean score on the left superior right inferior Apley’s
scratch test was 3.80 [standard deviation (SD) ¼ 6.21], and

the mean score on the right superior left inferior Apley’s
scratch test was 1.64 (SD ¼ 4.11). A significant difference in
mobility was found [t (60) ¼ �3.67, P < 0.001]. Moreover, a

moderate positive correlation was found [r (59) ¼ 0.68,
P< 0.001] indicating a significant linear relationship between
the two variables.

Discussion

The findings of this study did not indicate any significant

difference at different arm positions and between right and
left hand-grip strength. However, left key-pinch strength was
significantly less than right key-pinch strength.

Hand-grip strength values did not significantly vary with
changes in arm positions since the shoulder and elbow po-
sitions have less effect on changes in the kinematics of the

upper extremity when measuring distal gross motor strength.
The findings reported by Farooq and Khan13 are in
agreement with our results. In their study assessing 20
right-handed male participants with a mean age of

26.5 � 6.4 years, upper limb postural deviations also showed
no significant effect on grip strength. Conversely, Tayyari
et al.12 conducted a study on a sample of college students

with a mean age of 22.5 � 3.35 years to investigate the
effect of elbow flexion on the hand-grip strength. Their re-
sults showed that elbow extension was associated with a

significantly higher hand-grip strength than elbow flexion.
Moreover, the hand-grip strength recorded in the 90� elbow
flexion position was significantly higher than the values ob-

tained in the 30�, 60�, and 120� elbow flexion positions.



Assessment of hand-grip and key-pinch strength570
Mullerpatan et al.10 investigated the grip strength in a
sample of 1005 healthy adults, and their results showed

that grip strength was significantly different at four
different elbow positions. The maximum grip strength was
recorded at the 0� elbow position, with a linear decline in

grip strength noted at the 45�, 90�, and 135� positions. The
findings obtained by Limbasiya et al.11 are in agreement
with the role of the interaction of elbow and wrist positions

on grip strength. The researchers studied a sample of
healthy participants and investigated the effect of joint
interactions on hand-grip strength. La Delfa et al.21

confirmed the role of forearm rotation and wrist exertion

direction on wrist strength.
Given that our sample contained a group of healthy

subjects who were very close in age, no significant difference

was detected. Our findings agree with the results of several
studies that did not detect any difference in grip strength
between dominant and non-dominant hands. Omar et al.16

studied 525 participants to compare the role of hand
dominance in hand-grip strength. Their results showed that
hand dominance has no effect on hand-grip strength. Their
study sample consisted of a group of children who resided in

KSA. The results obtained byMcQuiddy et al.18 also showed
that hand dominance has no significant effect on hand
strength.

Conversely, several studies have shown a significant dif-
ference in hand-grip strength associated with hand domi-
nance. A general rule regarding hand-grip strength suggests

that the strength values for the dominant hand are approx-
imately 10% greater than those for the non-dominant
hand.14 However, our findings are not in agreement with

the results of several studies that detected a difference
between dominant and non-dominant hands. Hepping
et al.14 studied a group of healthy participants by
investigating hand-grip strength. The results showed

dominance-specific differences, with a higher score when
using the preferent hand. The recorded value was 9.5 for
right-preferent boys. The findings obtained by Tayyari12 and

Hepping et al.14 concur with the role of dominance since the
hand grip of the dominant hand in their study was
significantly stronger in right-handed participants. The re-

sults obtained by Ferreira et al.15 are also consistent with the
findings reported by most other researchers; they reported
that the dominant hand is stronger than non-dominant hand.

The current study did not show any significant differences
in pinch-strength values with changes in arm positions. The
investigators attributed this to the fact that the study popu-
lation consisted of healthy subjects who were very close in

age. On the other hand, the authors who found significant
differences associated with changes in arm positions did not
agree on favouring a particular arm position. Mullerpatan

et al.10 reported that pinch strength was significantly
different at four different elbow positions. The maximum
pinch strength was recorded at the 0� elbow position, with

a linear decline over the 45�, 90�, and 135� positions.
There is a scarcity of literature reporting the role of hand

dominance in changing key-pinch strength. In the present
study, the key-pinch strength of the left side was significantly

less than that on the right side, and the values for both sides
were less than the accepted norms reported in literature.
These findings are consistent with the findings obtained by
several authors who reported lower normal values for hand-
grip and pinch strengths among age- and gender-matched

populations from other continents in comparison with the
known values.5,10,22

In essence, the findings of this measurement study provide

preliminary reference values for hand-grip and key-pinch
strengths among healthy students in the College of Medical
Rehabilitation, which can improve the potential for objective

evaluation of hand-grip and key-pinch strengths in their age-
and sex-matched cohorts in KSA. Measurements should be
recorded using identical upper-extremity positions.23 One of
the limitations of the present study was that all participants

were males since we only had access to male students at the
time of the study. Clinicians will need to further assess the
obtained reference values for hand-grip strength since

males and females, even though healthy, would have
different hand-grip strength values.
Conclusions

In conclusion, no difference among arm positions was
found, indicating that any position according to the clini-
cian’s preference can be used to test for hand-grip and key-

pinch strength. However, the left key-pinch strength is ex-
pected to be less than the right key-pinch strength in right-
handedominant subjects. The reference values for hand-grip

and key-pinch strengths that were observed in this cohort can
be used as preliminary objective indices in functional
assessment. Furthermore, these reference values have prac-
tical value for clinical evaluation of patients with upper-

extremity disorders. Studies with larger sample sizes are
needed to elucidate more robust hand-grip strength values
that can be used in the clinical settings.24
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