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Abstract

Objectives: Backpacks equipped with hip belts are among the most common and essential
tools for carrying loads during long treks and mountaineering. The use of a hip belt facilitates
appropriate load distribution between the upper and lower body and minimizes muscular
energy expenditure. However, it may also restrict movement. This study aimed to examine
the effect of three different hip belt designs in backpacks, namely 1) movable hip belt, 2)
cross-frame structure, and 3) conventional design, on postural alignment control indices and
center of pressure (COP) changes during standing and walking.

Methods: This semi-experimental study was conducted on 20 male physical education
students aged 19 to 25 years. Three types of backpacks were used to measure postural control
indices and COP changes: (1) backpack with a movable hip belt, (2) backpack with a cross-
frame in the back panel, and (3) conventional backpack. Participants carried the backpacks
on a level, flat surface with a standard load of 13 kg. A control walking test was also performed
without any backpack under similar conditions. COP data in the anteroposterior (AP) and
mediolateral (ML) directions were recorded at a sampling rate of 1000 Hz. The device was
fully calibrated before the test. Data were processed using MATLAB software, and a
Butterworth filter with a cutoff frequency of 10 Hz. Output variables, including COP path,
COP area, velocity of COP (VCOP), and sway, were calculated using standard formulas and
analyzed in SPSS software. The Shapiro-Wilk test was used to assess data normality. Repeated
measures ANOVA was employed to compare the three backpack types, and Bonferroni post-
hoc tests were used for pairwise comparisons.

Results: The results showed no statistically significant differences in terms of COP area during
standing and walking among the different backpack conditions. In terms of COP displacement
(P=0.009) and COP velocity (P=0.009), significant differences were found only during eyes-
closed standing in the AP direction. Pairwise comparisons revealed a significant difference
between the conventional backpack and the one with a movable hip belt. Regarding COP
sway (P=0.030), a significant difference was observed among the three backpacks only during
eyes-closed standing in the ML direction. However, no statistically significant differences
were found between any two backpacks in post-hoc comparisons.

Conclusion: Based on the findings, the backpack with a movable hip belt was the most
effective among the three designs, as it resulted in the lowest COP sway, COP velocity, and
COP displacement. Furthermore, the impact of hip belt design becomes more apparent in
tests with higher complexity. However, it is important to note that reduced COP sway does
not necessarily indicate improved postural control or motor performance, and it may reflect
a restriction in the responsiveness of the neuromuscular system.
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Extended Abstract
Background and Objective

A backpack is a common tool used in daily,
educational, and athletic activities, playing a key role
in load carriage. Backpacks equipped with hip belts
are particularly important due to their ability to
distribute weight evenly between the trunk and pelvis,
thereby reducing pressure on the spine and enhancing
comfort and safety during activities, such as hiking.
However, improper design of these belts may restrict
pelvic movement and ultimately impair motor
performance. While some studies suggest that hip
belts reduce center of pressure (COP) variability and
improve balance, others argue that they restrict
movement. Given the lack of consensus and the
limited number of comparative studies on different hip
belt designs, this research aimed to examine the
effects of three design types, namely mobile belt,
cross-frame, and standard model, on biomechanical
indicators, including center of pressure variations and
postural control, during standing and walking.

Most previous research has focused on the effects
of load weight or its placement in backpacks;
however, few studies have examined the influence of
different hip belt design mechanisms. The present
study aimed to fill this gap by investigating the effects
of three distinct hip belt designs on postural control
and COP indicators under both static and dynamic
conditions. The primary objective was to compare the
impact of these three common designs on COP
parameters, including path length, area, velocity, and
fluctuations, along the anterior—posterior and medial—
lateral axes during standing with eyes open and closed,
as well as during walking.

Materials and Methods
This quasi-experimental study with a comparative

approach was conducted on 20 young male physical
education students. Three types of backpacks with
different hip belt designs were used, each containing a
standardized 13-kilogram load. The load in all
backpacks was placed approximately 30 centimeters
from the base of the pack to ensure similar load
distribution. The shoulder straps and hip belts of each
backpack were adjustable, such that the top of the
backpack was positioned about 10 centimeters below
the shoulder line. Before testing began, adjustments
were made according to the anatomy of each
participant to ensure that the center of the hip belt
aligned with the iliac crest (pelvic bone). The
specifications of the three backpack models were as
follows:

1) Backpack with a mobile hip belt: Designed to
allow pelvic mobility by enabling the belt to follow
the natural movements of the pelvis through a
flexible, movable hip belt mechanism.

2) Backpack with a cross-frame in the back panel:
Equipped with a cross-frame made of spring steel,
providing flexibility and elasticity. This design
allowed free rotational movement and facilitated
load transfer to the pelvic region.

Participants performed a series of tests, including
standing (with eyes open and closed) and walking on
a flat surface. The COP data were collected using a
force plate at a sampling rate of 1,000 Hz and were

subsequently processed in MATLAB software using a
Butterworth filter. The outputs included COP path
length, COP area, COP wvelocity, and COP
fluctuations. Data analysis was conducted in SPSS
software 22 using normality tests, repeated measures
analysis of variance, and Bonferroni post hoc tests for
pairwise comparisons. Each test was performed three
times, and the average of the three trials was used for
analysis.

Results

No statistically significant differences were
observed in COP area and COP velocity among the
three backpack designs during walking and standing
with eyes open. However, during standing with eyes
closed, a significant difference was found in the
anterior—posterior axis for both COP displacement (p
= 0.009) and COP velocity (p = 0.009) between the
backpack with a mobile hip belt and the standard
model. Additionally, in the medial-lateral axis, COP
fluctuations underwent a significant difference among
the three models (p = 0.030); however, pairwise
comparisons revealed no statistically significant
differences. Numerically, the backpack with a mobile
hip belt recorded the lowest values in most indicators
(fluctuations, displacement, and velocity of COP),
indicating better postural stability.

Discussion

The results indicated that differences between hip
belt designs became more evident during more
complex static tasks, such as standing with eyes
closed. Specifically, the mobile belt design led to a
significant reduction in COP fluctuations and
displacement, compared to the standard model,
suggesting a relative improvement in postural
stability. However, under walking conditions—where
neuromuscular performance is typically high—no
significant differences were observed. This may be
attributed to factors, such as the short walking
distance, natural control of participants over their
walking speed, and the simplicity of the walking task
for healthy individuals.

No significant changes were observed in the
medial-lateral direction, even under static conditions,
as fluctuations in this axis are naturally smaller and
more effectively regulated by the intrinsic control
mechanisms of the body. The findings of this study
were partially consistent and partially inconsistent
with those of previous research. For example, the
results aligned with those of a study performed by
Golriz et al. (2023), who reported a reduction in COP
fluctuations. However, they did not align with the
findings of a study conducted by Kim et al. (2015),
who emphasized the influence of load weight and
carrying method as more critical factors.

Conclusion

Based on the findings of this study, it can be
concluded that the backpack with a mobile hip belt
demonstrated superior performance in COP
indicators, such as reduced fluctuations and COP
velocity, under specific conditions, particularly during
standing with eyes closed. However, in many
situations, no statistically significant differences were
observed among the different backpack designs.




Therefore, it is not possible to confirm the absolute
superiority of one design across all movement
conditions. Impact of hip belt design may become
more evident in more complex situations or among
specific populations, such as individuals with postural

disorders. It is recommended that future studies
incorporate natural walking paths, inclined surfaces,
longer load-carrying durations, and more diverse
samples to assess the functional effectiveness of these
designs more accurately.
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