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ABSTRACT

Introduction: In many occupations, users must sit for prolonged periods during their job activities.
Prolonged sitting is associated with fatigue, leading to postural changes that can increase spinal loads.
Despite the importance of this topic in terms of the extent of prolonged sitting and its subsequent adverse
consequences, little attention has been given to this occupational activity. Hence, this study investigates
changes in neck, trunk, and muscle activities and fatigue levels in prolonged sitting computer tasks.

Material and Methods: Twenty healthy subjects (gender-balanced) from the student community with
at least five years of experience in computer work aged between 20-30 years were asked to randomly
perform three types of computer tasks for 90 minutes (each task for 30 minutes). Electromyographic
(EMG) activities of right and left cervical (ESCR and ESCL), thoracic (ESTR and ESTL), and lumbar (ESLR and
ESLL) erector spine and upper trapezius (UTR and UTL) muscles were continuously recorded. Root mean
square (RMS) and median frequency were extracted as EMG metrics. Subjects also rated their perceived
discomfort using a Visual Analogue Scale (VAS). The effect of time, gender, and their interaction on muscle
EMG activities, fatigue, and discomfort were explored.

Results: Time had a statistically significant effect on UTR, ESCR, and ESTR muscle activities. UTL and ESCR
muscle activities significantly differed between male and female subjects. Further, the findings confirmed
the interactive effect of time and gender on ESTR muscle activity. UTR, ESCR, ESCL, ESTL, and ESLL muscles’
fatigue index changed statistically over time.

Conclusion: The findings confirmed neck and trunk muscles’ fatigue by increasing muscular activity and
reducing frequency contents over time, per the subjective rating of discomfort.
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1. INTRODUCTION

Prolonged periods of sitting are common sitting workstations. In addition to adverse effects
in many occupations, including office workers, on people’s health, performance, and quality of life,
control room operators, medical and healthcare it imposes direct and indirect costs on individuals
workers, and food service and store workers. and society. Limited studies have investigated the
Epidemiological studies have shown that office  trend of muscle behavior over long bouts of sitting.
workers spend about 70% of their time sitting. Therefore, this study examines the effect of time on
Back pain is one of the most common disordersin ~ body perceived discomfort, neck and trunk muscle

electromyography (EMG) activities, and fatigue
* Corresponding Author Email: ghasemi.m@iums.ac.ir index during prolonged computer tasks.
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2. MATERIALS AND METHODS

In this experimental study, 20 participants
(gender-balanced) were asked to perform simulated
computer tasks that required prolonged sitting. All
participants signed an informed consent form. To
record EMG signals, surface electrodes (Myon AG
| Schwarzenberg | Switzerland) with a 2 cm center-
to-center distance were placed on the right and left
cervical (ESCR and ESCL), thoracic (ESTR and
ESTL), and lumbar (ESLR and ESLL) erector spine
and upper trapezius (UTR and UTL) muscles.
To normalize EMG data, muscles maximum
voluntary contractions (MVCs) were recorded
three times, each for 5 seconds. Raw EMG signals
were collected at a sampling frequency of 1000 Hz.

Following the MVC tests, subjects were asked
to sit in a simulated workstation adjusted according
to the ANSI standard. Subjects used a mouse and
laptop to complete several computer tasks for 90
minutes (each for 30 minutes), including 1) online
purchasing of a group of predefined staff, sorting
putting files of white-black and colorful images into
separate files, and doing a puzzle. The order of tasks
was random. Participants could put their hands on
the desk but were prevented from leaning.

Electromyography signals were recorded
continuously over the entire 90-minute sitting
task. In addition, a Visual Analogue Scale (VAS)
was used to assess perceived discomfort in body
regions including the head and neck, shoulders,
upper back, arms, hands, lower back, buttocks, and
thighs. Participants rated their discomfort level at
the end of each 10 minutes on a scale of 0-10; 0
represents no discomfort and 10 illustrates extreme
discomfort.

Raw EMG signals were filtered using a fourth-
order Butterworth band-pass filter in the frequency
range of 10-300 Hz. Muscle activity was quantified
using normalized root mean square (nRMS).
The median frequency (MF) of the EMG power
spectrum was also used as the fatigue index. EMG
indices were calculated in 10-minute intervals
(i.e., ten blocks). Repeated measure ANOVA was
employed to test the effect of time, gender, and time
x gender on dependent variables.

3. RESULTS AND DISCUSSION

The mean perceived discomfort significantly
increased over the sitting blocks in all body regions
(p<0.001) (Figure 1). No significant difference
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was observed between the discomfort reported by
males and females (p<0.05).

Figure 2 depicts the trend of trunk and neck
muscle activity changes. The highest muscle
activity level in males and females belonged to the
last block of the prolonged sitting trial (T10) for
the UTR muscle. Statistical analysis revealed that
time had a significant effect on muscle activity level
of UTR (p=0.045), ESCR (p=0.005), and ESTR
(p=0.017). Furthermore, nRMS values for ESCR
muscles were higher in females compared to males.
The findings also confirmed the effect of time
and gender interaction on ESTR muscle activity
(p=0.08).

The highest muscle fatigue (MF index) in both
men and women groups was observed in the last
minute of prolonged sitting (T10) for the ESTL
muscle. Generally, the MPF index for both women
and men decreased over time. However, time had
a statistically significant effect on fatigue level of
UTR (p=0.044), ESCR (p=0.050), ESCL (p=0.043),
ESTL (p=0.030), and ESLL (p=0.050).

4. CONCLUSIONS

A lot of time is spent in a sitting posture at
different jobs and workstations. However, limited
studies have investigated changes in neck and trunk
muscle activity behavior with the development of
fatigue during long-term computer sitting tasks.
This study quantified discomfort in various body
regions and muscular fatigue in the trunk and neck
regions as postural behavior metrics.

In general, there was a remarkable increase
in the intensity of perceived discomfort for all
body regions. The highest amount of perceived
discomfort for both gender groups was in the neck
and shoulder areas, which agrees with previous
studies.

According to the findings, time had a
statistically significant effect on the activity level of
UTR, ESCR, and ESTR muscles. One likely reason
for higher muscular activity on the right side of the
body may be that all subjects were right-handed
and used the computer mouse with their right
hand. Higher activities of UTL and ESCR were
found in the female group compared to males. The
results confirmed the effect of time and gender
interaction on ESTR muscle activity.

Furthermore, time had a statistically significant
effect on the median frequency of UTR, ESCR,
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ESCL, ESTL, and ESLL muscles. However, no
significant changes in fatigue index were found
for other muscles, which may be due to a small
level of contractions during static tasks like sitting.
Overall, our results suggest that when sitting for
a long time, both discomfort in the upper body
and muscular fatigue develop over time and may
result in kinematic changes that need to be further
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investigated in future studies.
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