[ Downloaded from jhsw.tums.ac.ir on 2026-06-19 ]

[ DOR: 20.1001.1.2251807.1402.13.2.1.0 ]

JHSW

OPEN ACCESS

Journal of Health and Safety at Work 2023; 13(2): 202-217
TUMS

ORIGINAL RESEARCH PAPER

The Effect of Repetitive Lifting on Trunk Muscles’ Fatigue and
Kinematics of Spine and Load-in-Hand

Zeinab Kazemi®, Adel Mazloumi**, Navid Arjmand?, Zanyar Karimi®, Ahmadreza Keihani®,
Mohammad Sadegh Ghasemi®

1 Department of Industrial Engineering, Clemson University, Clemson, USA

2 Sports Medicine Research Center, Neuroscience Institute, Tehran University of Medical Sciences, Tehran,
Iran | Department of Occupational Health Engineering, School of Public Health, Tehran University of Medical
Sciences, Tehran, Iran

3 Department of Mechanical Engineering, Sharif University of Technology, Tehran, Iran

4 Department of Ergonomics, School of Public Health, Urmia University of Medical Sciences, Tehran, Iran

°> Department of Medical Physics and Biomedical Engineering, School of Medicine, Tehran University of
Medical Sciences, Tehran, Iran.

¢ Department of Ergonomics, School of Public Health, Iran University of Medical Sciences, Tehran, Iran

Received: 2022-08-09 Accepted: 2023-01-01

ABSTRACT

Introduction: Given the high prevalence of low back pain in manual handling activities, its known
relationship with spinal loads, and the role of muscular fatigue and the body’s adaptive mechanisms to
counteract fatigue, this study investigated the effect of repetitive lifting tasks on trunk muscular fatigue
and the kinematics of the spine and load-in-hand.

Material and Methods: Eighteen male volunteers lifted a box from the floor to their waist height at a
pace of ten lifts per minute until they could no longer continue the task and reported the highest level of
exhaustion. Kinematic data and muscle electromyographic activity were simultaneously recorded using
a motion capture system and an electromyography device. In this study, average trunk flexion angle and
trunk angular velocity were calculated as trunk kinematic variables, while average box vertical travel
distance, average box horizontal displacement from L5-S1, and average box vertical displacement velocity
were considered as box kinematic variables. The median frequency of electromyographic signals from
selected muscles was quantified as a muscle fatigue indicator. Since subjects performed different lifting
cycles, the total number of cycles was divided into five distinct blocks for data analysis.

Results: The results showed significant effects of lifting trial blocks on trunk angle (p=0.004) and vertical
box displacement (p<0.001). Median frequency was significantly affected by lifting blocks for right
(p=0.016) and left erector spinae (p=0.014), right (p=0.021) and left multifidus (p<0.001), right latissimus
dorsi (p=0.001), and left rectus abdominis (p=0.039).

Conclusion: Overall, the results highlight variations in most kinematic parameters and a reduction in
the frequency content of EMG signal spectra. These changes serve as indices of the central nervous
system’s control over lifting behavior under dynamic conditions. A better understanding of these central
nervous system adaptations could have practical applications in interventions such as workstation design,
exoskeleton development, and worker training to manage musculoskeletal disorders.
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1. INTRODUCTION

In Iran, low back pain (LBP) is a significant
health concern and the third leading cause of
disease burden. The prevalence of LBP in the
general Iranian population ranges from 14.4% to
84.1%. Occupational LBP is a common workplace
disorder that can lead to absenteeism and disability
among workers.

Various mechanical risk factors for LBP have
been identified, including postures with low
constant loads (such as sitting and standing), high
levels of loading (such as manual load carrying
tasks), sudden spinal loadings, high repetition,
and exposure to vibration. Manual handling tasks,
which include load handling, repetitive loading,
trunk twisting, and bending, are common in many
jobs and can contribute to spinal compressive
forces and back pain.

Trunk muscles play a crucial role in maintaining
spinal stability. However, fatigue caused by manual
activities can adversely affect neuromuscular
control and lead to compensatory behaviors that
increase spinal loads. Given the high prevalence of
LBP in industrial settings and the role of fatigue in
spinal loads, this study aims to investigate the effect
of repetitive lifting tasks on trunk muscle fatigue
and the kinematics of the spine and load-in-hand.

2. MATERIAL AND METHODS

Participants and Study Procedure: Eighteen
male subjects, with an average age of 26.5 years
(SD = 2.9), participated in a lifting task until they
reached maximum fatigue. The weight of the box
was adjusted to 10% of each subject’s maximum
lifting capacity, as determined by a Chatillon
dynamometer (DFX model, America). The box was
lifted from a height of approximately 10 centimeters
above the floor to waist level at a rate of 10 lifts per
minute.

Instruments: Muscle activity levels were
recorded using an electromyography (EMG)
device (Myon, Switzerland) with a sampling rate
of 1200 Hz for the right and left erector spinae,
multifidus, latissimus dorsi, and rectus abdominis
muscles. Motion data were captured using an
11-camera Vicon optical motion recording system
with a sampling frequency of 120 Hz. Thirty-nine
reflective markers were placed on anatomical
landmarks according to the plug-in-gait model,
and an additional marker was mounted on the top
edge of the box.

Data Processing: Analyses were performed
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on data from the lifting phase. Raw EMG data
were filtered using low-pass and high-pass filters
with cut-off frequencies of 450 Hz and 20 Hz,
respectively. Muscle fatigue was determined using
median frequency (MF). Motion data were filtered
using a low-pass fourth-order Butterworth filter
at 7 Hz. Each loading cycle was divided into five
equal blocks (C1-C5: 0-20%, 20-40%, 40-60%, 60-
80%, 80-100%). To examine changes in kinematic
variables from the beginning to the end of the
loading period, the average of these variables was
calculated for each cycle. Then, the total number of
loading cycles was divided into five blocks (T1-T5)
for each participant. A two-way MANOVA was used
to assess the effect of cycle blocks ©, loading test
blocks (T), and their interaction with the kinematic
variables. The mean angle and angular velocity
were calculated as trunk kinematic variables, while
the mean vertical displacement, displacement
velocity, and horizontal distance to the body were
calculated as kinematic variables of load-in-hand.
A one-way MANOVA was performed to assess the
effect of lifting blocks (T) on the muscles’ median
frequency. Bonferroni adjustments were used when
pairwise comparisons were required.

3. RESULTS AND DISCUSSION

According to the MANOVA analysis, the
loading cycle blocks © had a significant effect on all
the kinematic variables of the trunk and the load
(p-value > 0.001). Post hoc comparisons revealed
that the trunk angle decreased from C1 to C5
(p-value < 0.001) (Fig. 1). Trunk angular velocity
increased from C1 to C4 and decreased from C4
to C5. Load vertical displacement increased from
C1 to C3 and then decreased for the remainder
of the cycle. In addition, from C1 to C4, subjects
significantly reduced the horizontal distance of the
load from the body.

The results confirmed the significant effect of
time on only trunk angle (p-value = 0.004) and
vertical load displacement (p-value < 0.001). The
trunk flexion angle in the sagittal plane decreased
during the five loading blocks.

Finally, according to the MANOVA analysis,
there was a significant interaction effect between
cycle blocks and load blocks (C x T) for trunk
extension speed (p-value = 0.008), vertical and
horizontal movement of the load in hand (p-value
=0.002 and p-value = 0.006, respectively), and load
displacement speed (p-value > 0.001). MANOVA
analyses also confirmed the significant effect of
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Fig. 1: Changes in the kinematic variables of the trunk and the load-in-hand for different sections of lifting cycles (C1-
C5) and from the beginning to the end of the loading period (T1-T5)

time on the mean frequency index of several
muscles (p-value < 0.05).

4. CONCLUSIONS

In conclusion, this study tracked postural
behavior and muscle fatigue during lifting tasks over
time. The findings confirmed changes in kinematic
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variables and a decrease in the frequency content
of electromyography signals as an indicator of
central nervous system control of loading behavior
under dynamic conditions. This understanding
can be used in ergonomics interventions such as
workstation design, exoskeleton design, or worker
training to manage musculoskeletal disorders.
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