[ Downloaded from jhsw.tums.ac.ir on 2026-04-07 ]

JHSW

OPEN ACCESS

Journal of Health and Safety at Work 2023; 13(3): 514-530
TUMS

ORIGINAL RESEARCH PAPER

The Effect of Stretching Exercises on Perceived Discomfort, Trunk
Muscle Activity, and Fatigue in Prolonged Sitting Tasks

Maryam Mohammadalizadeh®, Zeinab Kazemi?, Ehsan Garosi*, Ahmadreza Keihan#,
Alireza Shaghaghi', Mohammad Sadegh Ghasemi*"*

Department of Ergonomics, School of Public Health, Iran University of Medical Sciences, Tehran, Iran
2Department of Industrial Engineering, Clemson University, Clemson, SC, USA
3Department of Psychiatry, University of Pittsburgh, Pittsburgh, USA

Received: 2022-11-1 Accepted: 2023-5-4

ABSTRACT

Introduction: Prolonged sitting postures are among the risk factors for musculoskeletal disorders in
occupational settings, leading to increased musculoskeletal discomfort in various body regions. This
discomfort can negatively impact individuals’ health and impose high costs on society in terms of work
absences, early disabilities, and reduced productivity. The purpose of this study is to investigate the effect
of stretching exercises on the level of discomfort, muscle activity, and muscle fatigue in the neck and trunk
region during prolonged sitting tasks.

Material and Methods: This experimental study was conducted among 20 healthy male and female
participants under two test conditions: control and intervention. In the control condition, participants
performed cognitive tasks (watching videos, typing, text editing, and nback cognitive test) without any
intervention. In the intervention condition, participants performed stretching exercises before each task.
The Visual Analogue Scale was used to assess perceived discomfort. Also, muscle fatigue was evaluated
using an electromyography (EMG) device and RMS and MPF measures.

Results: Discomfortin handsand arms (p-value=0.04) and lower back (p-value=0.03) during video-watching
was higher in the control condition than in the intervention. Regarding muscle activity, the activity of the
right cervical erector spinae during the video-watching task was lower in the control condition than in the
intervention. In the n-back cognitive test and text editing, the right lumbar erector spinae muscle activity
was significantly higher in the control condition than in the stretching exercises intervention. Regarding
the left cervical erector spinae, a significant difference was observed between fatigue in control and
intervention conditions during the video-watching task. Also, right thoracic erector spinae fatigue in text
editing was higher in the control condition than in the exercise intervention; however, for the n-back test,
the level of fatigue was lower in the control condition compared to the intervention.

Conclusion: The perceived discomfort in seated computer tasks is generally lower in the exercise
intervention compared to the control condition. The stretching exercises used in this study improved
muscle activity and reduced fatigue in some of the trunk muscles, although the effects of the exercises
depend on the type of task. Overall, muscle fatigue in two cognitive tasks, text editing and n-back, was
more affected by stretching exercises than other tasks.
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1. INTRODUCTION

Statistics show that around 75% of all jobs
are related to computer use, which has increased
recently. Studies have reported that individuals
spend about 50 to 86% of their working time on
sitting tasks. Sitting for long periods is associated
with numerous health issues. Among these,
musculoskeletal disorders, especially in the back,
lower limbs, shoulders, and neck, are of particular
concern. These complications adversely affect
health, performance, and quality of life, imposing
direct and indirect costs on individuals and society.
Specifically, sitting for a long time can fatigue
trunk muscles due to continuous deep muscle
contractions. Lack of deep muscle activities may
reduce spinal stability and increase the loads and
stresses on the spine.

One potential solution to mitigate the
adverse effects of prolonged sitting is ergonomic
interventions, with dynamic sitting behavior
being suggested to have beneficial biomechanical
and physiological effects by improving spinal
movements, changing trunk muscle activation
patterns, and increasing the flow of fluids and
nutrients to muscle tissues. Among the low-cost
interventions targeting dynamic sitting, stretching
exercises are assumed to effectively increase joint
flexibility and improve muscle activity, thereby
reducing the load on the lumbar spine.

Despite the benefits of stretching exercises in
reducing musculoskeletal pain, the impact of short
exercise programs during office work tasks still
needs to be tested. Due to the prevalence of sitting
and limited research available, this study aimed
to investigate the effects of stretching exercises on
neck and trunk discomfort and muscular fatigue
during simulated computer-based tasks.

2. MATERIAL AND METHODS

This experimental study was performed among
20 participants (gender-balanced) recruited
from the university population. The workstation
comprised a desk and a backless chair, with a laptop
placed at a height and distance that complied with
the ANSI/HFES100 standard. The study included
two conditions: control and intervention, in
which the participants performed 10-minute
tasks, including watching a video with neutral
emotional content, typing a Persian text, editing
misspelled words in text passages, and an n-back
cognitive test. In the intervention condition,
subjects performed a ~2-minute stretching exercise

before each task. Following each task, the subjects
rated their level of perceived discomfort using
the Visual Analogue Scale (VAS), ranging from 0
(no discomfort) to 10 (extreme discomfort). An
8-channel electromyography (EMG) system was
used to continuously record the level of electrical
muscle activity in the neck and trunk regions
during each task at a sampling frequency of 1000
Hz. The electrodes were placed over the right and
left upper trapezius muscles (UTR and UTL),
cervical erector spinae (ESCR and ESCL), thoracic
erector spinae (ESTR and ESTL), and lumbar
erector spinae (ESLR and ESLL). Before the sitting
tasks, participants performed a series of maximal
voluntary contractions (MVCs) separately for each
muscle, which was used for further normalization.
Raw EMG data were filtered using a fourth-order
Butterworth filter (10 to 300 Hz). The median
power frequency (MPF) and normalized root
mean square (nRMS) of the EMG signal that
corresponded to each task and muscle were
computed. SPSS software version 26 was used to
analyze the data. Paired samples t-tests were run to
assess the differences in perceived discomfort and
EMG metrics between control and intervention
conditions.

3. RESULTS AND DISCUSSION

According to the results, the highest level of
discomfort was associated with the neck region in
both control and intervention conditions, with the
n-back task leading to the highest discomfort in
the control condition and text editing causing the
highest discomfort in the intervention condition.
In addition, overall, the average level of discomfort
was lower in the intervention condition than
in the control condition. Pairwise comparisons
revealed that discomfort levels in the hands and
arms and lower back were significantly lower in the
intervention condition during the video-watching
task (p=0.04 and p=0.03, respectively) compared to
the control condition.

Shariat et al. (2017) reported that performing
a series of exercises three times per week for 11
weeks reduced discomfort in the neck, shoulders,
and back among office workers and enhanced
joint flexibility. Tunwattanapong et al. (2016) also
conducted a study on office workers with neck
and shoulder pain and concluded that a four-week
stretching exercise program significantly reduced
discomfort. The pain reduction was attributed
to the promising effect of stretching exercises on
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Fig. 1: Neck and trunk mmuscles’ amplitude (nRMS) and fatigue (MPF) in four computer-based tasks (text editing,

nback cognitive test, typing, and video-watching) in control and intervention (i.e., stretching exercises) conditions

(UTR and UTL: right and left upper trapezius; ESCR and ESCL: right and left cervical erector spinae; ESTR and ESTL: right
and left thoracic erector spinae; ESLR and ESLL: right and left lumbar erector spinae).

proprioception and joint mobility.

Figure 1 illustrates the average level of nRMS
and MPF separately for various muscles and tasks.
Results indicated a significant difference in the
activity level of the right cervical erector spinae
muscle (ESCR) during the video-watching task
between the control and intervention conditions
(p=0.03), with the activity level being 10.76%
lower in control than in the intervention condition.
Similarly, during the n-back cognitive test (p=0.03)
and the text editing task (p=0.01), the activity of the
right ESLR was significantly higher in the control
condition than in the intervention (9.63% and
9.58%, respectively). The median frequency of the
left cervical erector spinae muscle (ESCL) during
the video-watching task was significantly lower
in the control condition than in the intervention
condition (p=0.03, 12.05%). Similarly, a significant
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difference was observed in the median frequency
of the ESTR muscle during the text editing task
(p=0.01) and n-back cognitive test (p=0.03), with
the control condition showing lower levels of
fatigue during the text correction task and higher
levels of fatigue during the n-back task (8.25%).
Finally, a significant difference was observed in
the fatigue index of the ESLR muscle during text
editing (p=0.001), with the intervention condition
showing 13.92% higher fatigue levels than the
control condition.

Nakphet et al. (2014) examined the effect of
3-min stretching exercises after every 20-minute
typing task (60 minutes in total) on perceived
discomfort and EMG activity of shoulder
and neck muscles. The results indicated no
significant difference in muscle activity between
the intervention and control groups. The
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differences in results may be due to variations
in study design, type of stretching exercises, and
study procedure. Previous studies have shown
that stretching exercises may improve range of
motion, reduce muscle tension, and improve
blood circulation.

4. CONCLUSIONS

The sedentary nature of office work significantly
contributes to musculoskeletal pain and discomfort,
particularly in the neck, shoulders, and lower back
regions. This study examined the effectiveness
of stretching exercises in mitigating perceived
discomfort and muscular fatigue. The findings
demonstrated the promising effect of short bouts

of stretching exercises on perceived discomfort in
all upper body and trunk regions and fatigue in
some of the neck and trunk muscles. Furthermore,
the nature of the task can affect the level of muscle
discomfort and fatigue, as evidenced by significant
differences between control and intervention
groups during high cognitive loads activities such
as text editing and n-back cognitive tests. These
results could have implications for individuals
who frequently engage in cognitive tasks and may
benefit from incorporating stretching into their
work to reduce discomfort. Overall, this study
suggests that incorporating stretching exercises
into office work routines can effectively reduce
musculoskeletal discomfort.
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