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ABSTRACT

Introduction: Biomechanical risk factors, including wrist and elbow angle and standing and sitting
position, are the primary factors affecting hand grip strength and perceived exertion. The interaction of
these factors can include different effects on grip strength and perceived exertion. Therefore, the present
study examines the interaction of varying wrist and elbow angles in sitting and standing postures on the
variability of grip strength and perceived exertion.

Material and Methods: In the present study, 30 students (15 females, 15 males) aged 19-30 participated.
The average grip strength was measured by a dynamometer for 12 different positions based on the angle
of the wrist and elbow in both standing and sitting postures. Perceived exertion was also assessed using
the Borg CR-10 scale for each setting. Data analysis was performed using SPSS 23. The Wilcoxon test
was applied to compare perceived exertion between standing and sitting postures. Furthermore, a three-
way ANOVA was performed to examine interactions between posture (standing/sitting), elbow, and wrist
angles. Mauchly’s Sphericity Test was applied to confirm the ANOVA assumptions, and effect sizes for
multivariate analysis were calculated (partial n?).

Results: In both sitting and standing postures, the highest average grip strength was observed at a
O-degree wrist angle with a 90-degree elbow angle (standing: 28.6 + 10.8, sitting 25.8 + 9.8), while the
lowest average grip strength was recorded at full wrist extension with a 0-degree elbow angle (standing:
19.3 £ 6.5, sitting 17.9 + 6.9). In all three elbow angles examined (0°, 60°, and 90°), the highest value of
perceived exertion was recorded in the full extension of the wrist. The changes in the grip strength at
different angles were the same for sitting and standing postures, yet the hand grip strength was higher in
the standing than the sitting posture (P-value<0.001). The effect of each of the studied factors (sitting and
standing postures, wrist angle, and elbow angle) alone on hand grip strength and perceived exertion was
deemed to be significant (P-value<0.001). Regarding the two-way interactions of the research variables,
the interaction effect of elbow and wrist angles on grip strength (partial n?=0.09, P-value=0.015) and
perceived exertion was significant (partial n?=0.08, P-value=0.06). Furthermore, findings indicated that
the wrist angle had a more pronounced effect on the value of the perceived exertion (partial n?=0.31,
P-value<0.001).
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1. INTRODUCTION

The literature review indicates that evaluating
grip strength, perceived exertion, and the factors
influencing them play a crucial role in the
practical design of hand tools and workstations,
potentially reducing the risk of upper limb injuries.
Furthermore, closely examining the interaction
of these factors can offer deeper insights into
injury prevention strategies for the upper limbs.
Specifically, the combined interaction of these
factors may increase the risk of musculoskeletal
injury, whereas their individual effects might
present a lower risk level. Biomechanical factors
are among the most significant influences on
hand grip strength and perceived exertion. Given
that various jobs, each with unique demands, rely
heavily on grip strength for task performance,
identifying these effective factors and determining
their interaction effects can facilitate the design
and optimization of hand tools. Therefore, aiding
significantly to this approach helps reduce the
risk of fatigue or muscular injury in the upper
limbs. Accordingly, the present study aimed to
(1) examine and compare hand grip strength and
perceived exertion across different elbow and wrist
angles in both standing and sitting postures and (2)
determine the interaction effect of these factors on
grip strength and perceived exertion.

2. MATERIAL AND METHODS

This cross-sectional study was conducted in
a laboratory environment in 2022 with male and
female students as participants. Based on grip
strength in both gender groups and considering
a 99% confidence level with a 1% error margin,
the required sample size was determined to be 13
participants per group. Fifteen participants were
ultimately included in each group to account
for potential attrition. These participants were
selected using a simple random sampling method
based on specific inclusion criteria. Following

the collection of demographic information, hand
grip strength was measured using a calibrated
SAEHAN dynamometer for the dominant hand
in both standard standing and sitting postures.
Each participant’s grip strength was evaluated
across 12 elbow and wrist angle combinations
in standard sitting and standing postures. For
each test, participants were asked to squeeze the
dynamometer handle with maximum force for 3
seconds in three sets, with the average maximum
isometric grip strength recorded. The presentation
order of the postures was randomized.

In the present study, the Borg CR-10 scale was
used for the subjective rating of physical exertion.
At the end of each test, participants rated their
perceived exertion and the difficulty of the task
at each angle using a 0-10 scale. Data analysis was
performed using SPSS 23 software. The Wilcoxon
test was applied to compare perceived exertion
between standingandsitting postures. Furthermore,
a three-way ANOVA was performed to examine
interactions between posture (standing/sitting),
elbow, and wrist angles. Mauchly’s Sphericity Test
was applied to confirm the ANOVA assumptions,
and effect sizes for multivariate analysis were
calculated (partial ’}2).

3. RESULTS AND DISCUSSION

The results revealed that men’s average
grip strength was higher than women’s in all
the examined positions. Consistent with these
findings, a study by Lee KS et al. (1) identified
gender as the most significant predictive factor
for hand grip strength, with men exhibiting
significantly higher strength than women. The
changes in grip strength at different angles were
similar for both sitting and standing postures,
although grip strength was higher in the standing
than the sitting posture (P-value<0.001). This
difference likely arises from biomechanical
factors, as individuals can typically exert more

Table 1: Three-way ANOVA with three factors of posture, elbow and wrist angle on grip strength and subjective assessment of per-
ceived effort

Source Grip strength
F Sig.

Elbow angle 16.06 0.000
Posture 17.32 0.000
Wrist angle 46.1 0.000
Elbow angle* Posture 0.41 0.673
Elbow angle* Wrist angle 2.27 0.015
Posture* Elbow angle 1.34 0.268
Elbow angle* Wrist angle*

0.79 0.567

Posture
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CR-10 |
partial n? F Sig. partial n?
0.36 7.06 0.003 0.20
0.37 7.04 0.013 0.20
0.61 12.52 0.000 0.31
0.01 1.03 0.345 0.04
0.09 2.39 0.065 0.08
0.05 1.81 0.167 0.06
0.05 1.92 0.108 0.07
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force while standing. Previous research has
indicated that the musculoskeletal system aligns
optimally in the standing position, enhancing the
synergy between the lower and upper muscles
and increasing grip strength. Each of the studied
factors-posture (sitting and standing), wrist angle
and elbow angle significantly affected hand grip
strength and perceived exertion (P-value<0.001).
Regarding the two-way interactions of the
research variables, the interaction effect
between elbow and wrist angles on grip strength
(partial n?=0.09, P-value=0.015) and perceived
exertion was almost significant (partial 2=0.08,
P-value=0.06). Furthermore, findings suggested
that wrist angle had a more pronounced effect
on perceived exertion levels (partial 77=0.31,
P-value<0.001) (Table 1). Similarly, the study
by Kong YK et al. (2) found that the three-way
interaction among elbow angle, posture, and
shoulder angle significantly influenced grip
strength, indicating that achieving maximum
grip strength requires a comprehensive
understanding of these key factors interactions.
Likewise, Hellig T et al. (3) demonstrated the
interaction effect of arm angle and body posture
on perceived exertion.
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4. CONCLUSIONS

The results this present study revealed that men
had a higher grip strength than women across all
the tested positions, and that the grip strength was
greater in the standing posture compared to the
sitting posture. These findings indicate that the
three examined factors-wrist angle, elbow angle,
and body posture- significant affect both grip
strength and perceived exertion. Notably, wrist
angle had a more substantial influence on grip
strength and perceived exertion than the other
factors. Additionally, the interaction between wrist
and elbow angles was found to be significant in
determining grip strength and perceived exertion.
These results highlight the need for further analysis
of the combined effects of wrist and elbow angles
in hand-intensive tasks, especially in activities
demanding strong grip strength.
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