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Abstract

Objectives: Using a backpack with a hip belt limits hip movements and prevents
disruption in hip and trunk coordination. Therefore, this study aimed to compare
the effect of common mechanisms in the design of hip belts in mountaineering
backpacks on the coordination between trunk and pelvis organs during walking.
Methods: This semi-experimental research was conducted on 16 men. Three
types of backpacks with different hip belts were used. Participants carried
backpacks with a load of 13 kg. The continuous relative phase and its variability
were used to analyze the coordination. Descriptive statistics of mean and
standard deviation and analysis of variance with repeated measures were used to
compare variables in four conditions.

Results: According to the results, there was a difference between the level of
coordination in two conditions of without a backpack and a normal backpack,
with the normal backpack showing a significant decrease in coordination
(P<0.05). The results also indicated that the variability in coordination increased
after using backpacks with movable hip belts and cross frames compared to
walking without a backpack (P<0.05).

Conclusion: Based on the existing findings, backpacks with a cross-movable
frame maintain the antiphase coordination between the trunk and pelvis by
allowing freedom of movement in these two organs. It also creates more
flexibility by increasing variability in coordination.
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Extended Abstract
Background and Objective

Backpacks are the most suitable means for daily
load carriage in a symmetrical and organized manner
while walking. The hip belt is one of the ergonomic
factors related to the backpack that alleviates pressure
from the shoulders and transfers it to the lower
extremities, controls the rotational torque forces
associated with heavy loads and trunk movement, and
enhances comfort for the individual. However, the hip
belt may impose physical limitations on the movement
of the pelvis relative to the trunk while walking due to
its attachment point, resulting in a change in the out-
of-phase coordination between the trunk and hips. It
seems that new backpacks with cross-frame
mechanisms that possess elasticity, as well as movable
hip belts designed to follow body movements, can
positively affect the coordination between the trunk
and hips and reduce the detrimental effects of the hip
belt due to the flexibility they provide to pelvic
movement. Therefore, the present study aimed to
compare the effects of common mechanisms in the
design of hip belts of mountaineering backpacks on the
coordination between the trunk and hip during
walking.

Materials and Methods

The present study was a laboratory-based, semi-
experimental investigation with a comparative
research design. Sixteen healthy and active men
participated in this study through convenience
sampling. The inclusion criteria involved the absence
of restrictions on activities and load carrying, no
musculoskeletal disorders, and a regular body mass
index. The data collection tools included Inertial
Measurement Unit sensors for measuring Kinematic
variables, standard scales, and height measuring tools
to assess the body type of the participants. This study
also utilized three different types of backpacks, which
consisted of 1) a backpack with a movable hip belt, 2)
a backpack with a cross-frame in the back, and 3) a
regular backpack. The backpacks were equipped with
weights equivalent to 13 kg, attached via a platform
positioned approximately 30 cm above the bottom of
the backpack. Each participant walked ten steps along
a straight path. Kinematic data were recorded at a rate
of 300 Hz and filtered with a cut-off frequency of 6 Hz.
Subsequently, data corresponding to the five steps
were analyzed. During the data processing phase, after
calculating the position and angular velocity of the
trunk and pelvis during the stance and swing phases of
walking, the coordination between the trunk and pelvis
was assessed through the continuous relative phase
index and also evaluated for variability in coordination
during different phases. The Shapiro-Wilk test was
utilized to assess the normality of the data distribution.
To evaluate differences between the backpacks,
repeated measures ANOVA along with Bonferroni
post-hoc tests were conducted at a significance level of
0.05 (P>0.05).

Results
The results related to the coordination indices and
variability in coordination were initially examined for

normality of data distribution using the Shapiro-Wilk
test, and this was confirmed (P>0.05). Based on the
continuous relative phase index graphs of coordination
under four conditions, the graph related to the no-
backpack condition showed a higher shift, indicating
greater out-of-phase coordination. However, it appears
that in the two walking conditions with the cross-frame
backpack and the movable hip belt backpack, the out-
of-phase coordination of these two backpacks has
increased compared to the regular backpack. The
results of the ANOVA test indicated that there were
significant differences in coordination and variability
in coordination under different conditions with the
three types of backpacks as well as without a backpack
(P<0.05). The level of coordination during the stance
and swing phases between the no-backpack condition
and the normal backpack condition showed significant
differences, such that coordination significantly
decreased in the condition with the regular backpack
(P<0.05). The findings also revealed that the variability
in coordination between the stance phase of normal
walking with the movable hip belt backpack and the
swing phase of regular walking with the cross-frame
backpack increased significantly (P<0.05).

Discussion

This study was conducted to compare the
coordination and variability of coordination between
the trunk and pelvis during walking among the
common mechanisms in the design of hip belts of
different backpacks. Given the natural coordination of
the pelvis and trunk during normal walking, a more
suitable backpack is the one that does not disrupt this
normal coordination. When carrying a backpack,
fastening the hip belt allows for better load distribution
between the trunk and pelvis (upper body and lower
body); however, it restricts pelvic movements, a
finding that was confirmed in the present research.
According to the results, the coordination index
between the trunk and pelvis when using a cross-frame
backpack was very close to the no-backpack condition
throughout the walking cycle. During the swing phase
of walking with a cross-frame backpack, coordination
slightly  decreased; nonetheless, the antiphase
coordination between the trunk and pelvis was still
maintained, and the variability in coordination
increased, indicating greater flexibility of movement.
The statistical results showed that the coordination of
the trunk and pelvis in the transverse plane throughout
the walking cycle remained in antiphase when using
the cross-frame backpack. Therefore, it seems that the
spring metal frame that is arranged crosswise in the
back frame of the backpack is able to facilitate not only
suitable load distribution between the upper and lower
body during walking but also to allow for free
movement of the trunk and pelvis.

Conclusion

Based on the findings of this study, the backpack
with a cross frame and movable hip belt is the most
appropriate type of backpack, as it aims to maintain
antiphase coordination between the trunk and pelvis by
allowing freedom of movement in these body parts.
Additionally, by increasing the variability in




coordination, it provides greater flexibility. Therefore, the pelvis and allow for the tracking of body
it is recommended to use a backpack with flexibility movements when traversing long paths and during
and elasticity that can ensure freedom of movement for hiking.
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