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Abstract

Objectives: Designing one-handed carrying tasks based on biomechanical
findings has a significant impact on preventing musculoskeletal injuries. The
present study was conducted to investigate the muscle synergy of the trunk
and pelvis in the manual carrying of loads with different weights in healthy
young people.

Methods: In this experimental study, 20 male volunteers performed the
walking protocol without load, carrying different weights of 5%, 10%, and
15% of their own weight during unilateral manual load carrying. The
electrical activity of the trunk and pelvis muscles while carrying loads of
different weights was recorded using an electromyography device
(Biovision). To evaluate the differences between different load-carrying
conditions, a repeated measures test was used at a significance level of
P<0.05.

Results: The results showed that in the performance of manual load carrying,
there was a significant difference between muscle synergy (synergy size) in
all walking protocols, including 5% and 10% of body weight and 5% and 15%
of body weight and between 15% and 10% (P<50). While in the performance
of manual load carrying, a significant difference was found between muscle
synergy (synergy direction) in 5% of body weight and 10% of body weight,
this difference was not seen in manual load carrying with 5% of body weight
and 15% of body weight and also between synergy of 15% and 10% (P>0.05).
Conclusion: It seems that the difference in muscle synergy in terms of size in
unilateral manual load carrying can, with increasing load, create more
tension in the back and pelvic muscles; however, the direction or angle does
not change compared to the no-load state.

Keywords: Manual load caring, Muscle activity, Muscle synergy,
Musculoskeletal disorders
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Extended Abstract
Background and Objective

Manual load carrying is a common activity in work
environments and daily life that often exerts significant
stress on the trunk and pelvic muscles. This requires precise
coordination between muscles to stabilize the body,
transfer force, and prevent musculoskeletal injuries.
Disruption in muscular coordination (synergy) can lead to
injuries, such as lower back pain and movement disorders.
Previous studies have reported biomechanical differences
in carrying loads with one hand versus two hands. The aim
of this research was to closely examine the synergy of trunk
and pelvic muscles during manual load carrying with
different weights to gain a better understanding of body
movement mechanics in these situations.

Materials and Methods

This quasi-experimental and applied study was
conducted on 15 healthy men aged 18 to 25. The tools used
included an electromyography device, standard weights,
and wooden boxes. Electrodes were placed according to
standard methods on the erector spinae and gluteus medius
muscles. Participants walked unilaterally without a load
and with weights equivalent to 5%, 10%, and 15% of their
body weight. Data were analyzed using SPSS, Excel, and
MATLAB software, and Shapiro-Wilk tests, ANOVA, and
Bonferroni post-hoc tests were employed to assess
differences.

Results

Since the data were normally distributed based on the
Shapiro-Wilk test, the results of the one-way ANOVA
indicated that load weight had a significant effect on the
magnitude of muscular synergy. Additionally, the mean
scores for synergy magnitude for loads of 5%, 10%, and
15% of body weight were 2.1+0.3, 2.5£0.4, and 3.0£0.5,
respectively (P<0.01). The post-hoc test revealed a
significant increase between the 15% load and the other
two loads, while the difference between the 5% and 10%
loads was not significant. Regarding the direction of
synergy, the results showed that changes in load weight had
no significant effect on the pattern of muscle activity
distribution. Moreover, the mean angles of synergy vectors
for the three load conditions were 45.2°+3.1°, 45.8°+3.4°,
and 46.0°£3.2°, respectively (P=0.12). Finally, the activity
of the erector spinae muscle was consistently greater than
that of the gluteus medius across all conditions.
Consequently, the ratio of erector spinae activity to gluteus
medius activity increased with the load weight, measuring
1.8:1, 2.1:1, and 2.4:1 for loads of 5%, 10%, and 15%,
respectively.

Discussion

The results of the study indicated that as the load weight
increased, the magnitude of muscular synergy changed
significantly. These changes are attributed to the need for
greater coordination among muscles to counterbalance the
instability caused by heavier loads. The gluteus medius

muscle played a crucial role in stabilizing the pelvis, and its
activity increased significantly at higher weights. The
results also revealed that asymmetrical loading during
manual load carrying could lead to excessive stress on the
muscles of one side of the body, consequently increasing
the risk of injury. This study confirmed the essential role of
muscular synergy in manual load carrying. The findings
can contribute to the design of ergonomic interventions and
the development of work standards to reduce the risk of
musculoskeletal injuries. Specifically, it is recommended
that manual load weights be adjusted according to the
individual's capacity and symmetrical loading between the
two hands be utilized.

The results of the ANOVA test showed that with an
increase in load weight, the magnitude of muscular synergy
increased, and there was a significant difference between
the 15% load and the other conditions (5% and 10% of
body weight). These changes may be due to the body's
increasing need to stabilize the trunk and pelvis and the
greater interactions between the erector spinae and gluteus
medius muscles. In heavier load conditions, the external
forces acting on the body increase, requiring the muscles to
exhibit more activity. Previous studies have also noted an
increase in muscle activity when carrying heavier loads.
For instance, studies by Rose et al. (2012) demonstrated
that carrying heavier loads increases shear forces on the
lumbar vertebrae, which can exert more pressure on the
surrounding spinal muscles. Additionally, the results of this
study align with findings by Lang et al. (2015), which
stated that asymmetry in load carrying increases activity in
the trunk and pelvic muscles on the loaded side. Regarding
the direction of muscular synergy, the results indicated that
changes in load weight had no significant effect on the
direction of muscular synergy. This finding may reflect the
body's mechanical adaptability in response to weight
changes, whereby the neuromuscular system maintains a
consistent coordination pattern to prevent potential
disturbances.

Conclusion

The findings of this study highlight the importance of
adhering to ergonomic principles in manual load carrying.
Increases in muscle activity and changes in muscular
synergy, particularly with heavier loads, can lead to fatigue
and an enhanced risk of musculoskeletal injuries. This issue
is especially relevant in work environments where heavier
loads are carried continuously. Furthermore, the findings of
this study confirm that symmetrically distributing the load
between both hands can help reduce stress on the lumbar
and pelvic muscles. This is consistent with previous
research findings that show symmetrical load carrying
exerts less pressure on the musculoskeletal system. The
results indicated that the magnitude of muscular synergy is
influenced by increases in load weight, while the direction
of muscular synergy showed no significant changes. These
findings can be examined from biomechanical and
ergonomic perspectives and may be useful in designing
strategies for the prevention of musculoskeletal injuries.
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