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ABSTRACT

Introduction: Low back pain is one of the most common musculoskeletal disorders leading to disability
around the world. Several studies have suggested that prolonged computer/ laptop work contributes to
the development of low back pain and discomfort. The results of the studies conducted on the association
of back discomfort and muscle activity are contradictory. Thus, the present study aims to evaluate the
relationship between the activity level and relative rest time of the trunk muscles with back discomfort
while working with a laptop in a sitting position.

Material and Methods: First, 20 young healthy males performed laptop work including mouse work and
typing in conventional and ergonomic setups. In the ergonomic setup, the screen height and keyboard
placement were specifically adjusted for each individual. In addition, the electromyographic activity of
the lumbar erector spinae, right and left multifidus and transversus abdominis, rectus abdominis, external
oblique muscles, and the posture of the lumbar spine were recorded in the first and last two minutes of
an 8-min task. After the end of each task, the participants scored their back discomfort.

Results: The results showed a positive correlation (r=0.57 and p=0.009) between back discomfort and
the EMG amplitude of the lumbar erector spinae muscle. In addition, back discomfort was negatively
correlated to the relative rest time of the multifidus muscle (r=0.50 and p=0.023), and a positive correlation
was reported with the relative rest time of the transversus and rectus abdominis (r=0.47, p=0.039, and
r=0.45, p=0.049, respectively).

Conclusion: The relative rest time of the trunk muscles may be a better index than that of the EMG
amplitude to highlight the risk factors for back discomfort. However, a causative link between muscle
activity and discomfort cannot be implied from this study. The current results do not undermine the role
of other factors associated with the increased level of discomfort during sitting.
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1. INTRODUCTION

Sitting is one of the most common postures
during daily activities, office, industrial jobs, and
activities which require working with electronic
devices such as computers and laptops. Computer
and laptop users who are often categorized as
individuals with sedentary work posture often
report musculoskeletal disorders/ complaints
in various parts of their body. Discomfort and
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pain in the low back are the most important
musculoskeletal problems associated with using
electronic devices such as computers and laptops,
the result of which was confirmed to be associated
with prolonged sitting. Low back pain leading
to long-term disability is a worldwide problem.
Therefore, identifying the mechanism and causes
of low back discomfort while sitting is highly
important.

In the literature, muscle fatigue, increased

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://creativecommons.
org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited.


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://jhsw.tums.ac.ir/article-1-6576-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2022-10-19 ]

Mohammad Yadegaripour et al. / Ergonomic Evaluation of Relationship between Electromyographic Activity

lumbar intradiscal pressure, poor core stability, and
long-lasting stretching of passive lumbar structures
have been considered as the mechanisms involved
in causing low back discomfort and pain during
sitting. However, there is still no general agreement
about the details of such mechanisms. Also, the
results of the studies conducted on the association
of back discomfort and muscle activity levels are
contradictory.

It is worth noting that the level of muscle activity
(EMG amplitude) in a sitting position is low while
working with a computer or laptop, and the back
muscles work at a level close to the resting level.
Some studies suggested that the commonly used
indices of muscle activity (i.e. EMG amplitude) may
not reflect the resting state of the muscles at the low
level of activity, and some indices such as relative
rest time are more representative. Therefore, this
study aimed to evaluate the relationship between
the activity level and relative rest time of the trunk
muscles with back discomfort while working with
a laptop in a sitting position.

2. MATERIAL AND METHODS

In this study, 20 young healthy male university
students (age: 27.05 + 3.5 years, height: 176.9
* 5.5 cm, weight: 71 + 11.8 kg, BMI: 22.4 + 3.0)
were selected based on voluntary sampling. The
participants sat on a chair without a backrest
and armrest to reduce the physical contact to the
measuring sensors hooked up to the participants.
They performed mouse work and typing tasks
with a laptop in the conventional and ergonomic
workstation setups. In the conventional setup, the
laptop was placed on a desk whose height was
adjusted to be 5 cm above the elbow level. Regarding
ergonomic setup, a height adjustable riser (Cooling
Pad, 638 (A), China) was placed underneath the
laptop on the desk for adjusting its screen height,
and the top edge of the laptop screen was adjusted
at participants’ eye levels. Further, an external
keyboard (XP -product, XP-8004, China) was used
in the ergonomic setup for typing (Figs. 1. A & B).
The duration of performing each task (mouse work
and typing) in each setup was eight minutes. There

Fig. 1. The participants working with laptop in the ergonomic (A) and conventional (B) setups

Instructed Laptop work in Break
rest conventional setup | (5 min)

Laptop wok in Break Perform
adjusted setup | (5 min) RIVCs

\;/

Typing task

Mouse work task

Recording the EMG and
posture data

Fig. 2. The experimental procedures and data recording periods. The EMG and posture data were recorded (black color) for 120 s at the

beginning (2-3 minutes) and ending each task (7-8 minutes). The participants rated discomfort after completing each task (grey color).

Further, the EMG data were recorded during instructed rest (Before working with laptop for 10 seconds) and sub-maximal reference
isometric voluntary contractions (RIVC)
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was a 1-2 minute break between the two tasks for
scoring discomfort and saving EMG and posture
data to a computer (Fig. 2). Therefore, working
with a laptop in each setup lasted approximately 20
minutes.

Electromyographic (EMG) activity of the
lumbar erector spinae (LES), right and left
multifidus (MF) and transversus abdominis
(TrAb), rectus abdominis (RAD), external oblique
(EO) muscles, and the posture of the lumbar spine
were recorded in the first and last two minutes of
the 8-min task. Furthermore, the EMG data were
recorded during instructed rest (before working
with laptop work for 10 seconds), and sub-maximal
reference isometric voluntary contractions (RIVC)
were used for calculating the relative rest time (RRT)
and normalize the root mean square (RMS) of each
muscle, respectively. The EMG and postural data
were recorded by a wireless surface EMG Noraxon
DTS system and Noraxons 3D myoMOTION
analysis system (Noraxon Inc., USA), respectively.
After ending each task, the participants scored their
back discomfort on a 0-10 scale using an adopted
body map and discomfort scale.

After digitally filtering the EMG signals and
removing the cardiac signal, RMS was computed
across 500-ms non-overlapping epochs on EMG
signals from each muscle, and subsequently
normalized using the corresponding RIVC values.

Finally, the normalized RMS values were averaged
across the epochs. RRT was computed across 10-s
non-overlapping epochs and averaged across the
epochs. The mean lumbar flexion angles were
calculated to assess the postural configuration
during the tasks. The details of the procedure for
performing tasks, EMG, and angular displacement
measuring were described in the study of
Yadegaripour et al.

Moreover, the EMG amplitude and RRT,
posture, and back discomfort during each of the
mouse work and typing tasks were averaged to
obtain the mean of these variables while working
with the laptop in each setup. The mean of these
variables in each task and setup was used for
examining the correlation between the variables.
Pearson and Spearman correlation tests were
used with normal and non-normal distributions,
respectively.

2. RESULTS AND DISCUSSION

As shown in Tables 1 and 2, a positive
relationship is observed between the EMG
amplitude of LES muscle and back discomfort while
working with a laptop in the sitting position, while
it has a negative relationship with the left TrAb. In
addition, back discomfort was negatively related to
the RRT of the LES and MF muscles and positively
related to the RRT in the TrAb and Ab muscles. It

Table 1. The results of the Pearson /Spearman tests performed to analyze the correlation of the back discomfort with the EMG ampli-
tude of trunk muscles while working with laptop in the conventional and ergonomic setup

Mouse work- Typing- Mouse work- Typing-
Conventional Ergonomic . P g . yping .
Conventional Conventional Ergonomic Ergonomic
setup setup
setup setup setup setup
LES! r 0.028 0.323 -0.189 0.056 0.286 0.571
p 0.905 0.165 0.424 0.816 0.222 0.009
ME-R 2 r 0.197 -0.235 0.105 0.040 0.171 0.052
p 0.405 0.319 0.659 0.867 0.470 0.828
MF.L> r 0.057 -0.081 -0.095 0.084 -0.099 -0.166
p 0.810 0.733 0.690 0.726 0.679 0.485
0.002 0.110 -0.230 0.065 0.014 0.121
— TrAb-R*
g" p 0.993 0.644 0.330 0.784 0.953 0.613
=) -0.267 -0.055 -0.381 -0.155 -0.279 0.107
= TrAb-L5 |
ﬁ p 0.255 0.817 0.098 0.515 0.234 0.654
8 RAD 6 r -0.272 -0.040 -0.325 -0.259 -0.163 0.164
8 P 0.246 0.867 0.162 0.270 0.492 0.491
= EO7 r 0.059 0.250 -0.139 -0.002 -0.171 0.359
§ p 0.805 0.289 0.560 0.993 0.472 0.121
g Lumbar r -0.250 -0.229 -0.019 -0.136 0.093 -0.180
% flexion p 0.287 0.331 0.938 0.567 0.706 0.448
< p' Lumbar erector spinae,? Right multifidus, * Left multifidus, * Right transversus abdominis, * Left transversus abdominis, ® Rectus abdominis, ”
g External oblique
o
B

[ DOW!
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Table 2. The results of the Pearson /Spearman tests performed to analyze the correlation of the back discomfort with the relative rest
time (RRT) of trunk muscles while working with laptop in the conventional and ergonomic setup

Conventional Ergonomic Mouse work- Typing- Mouse work- Typing-

setup setup Conventional Conventional Ergonomic Ergonomic
setup setup setup setup
LES ! r -0.401 -0.305 -0.236 -0.436 -0.318 -0.356
p 0.080 0.190 0.317 0.055 0.172 0.123
ME-R 2 r -0.505 -0.193 -0.281 -0.415 -0.153 0.070
i P 0.023 0.414 0.231 0.069 0.519 0.770
ME-L > r -0.327 -0.421 -0.179 -0.114 -0.332 -0.170
p 0.159 0.065 0.451 0.633 0.152 0.473
TrAb-R 4 r 0.250 0.312 0.107 0.143 0.275 0.427
p 0.288 0.180 0.654 0.548 0.240 0.060
TrAb —L 5 r 0.260 0.466 0.474 0.094 0.547 0.421
p 0.269 0.039 0.035 0.695 0.013 0.064
RAb 6 r 0.445 0.043 0.268 0.352 0.271 0.103
p 0.049 0.856 0.253 0.128 0.247 0.667
EO7 r 0.200 0.110 0.142 0.266 0.196 -0.093
p 0.397 0.646 0.551 0.258 0.408 0.695

! Lumbar erector spinae, > Right multifidus, > Left multifidus, * Right transversus abdominis, ° Left transversus abdominis, ¢ Rectus abdominis, ’
P g 8!
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External oblique

seems that more EMG amplitude (less RRT) of the
lumbar muscles and less EMG amplitude (more
RRT) of the abdominal muscles are associated with
increased back discomfort.

As already mentioned in the literature, there is a
positive relationship between EMG amplitude and
back discomfort while sitting, and increased trunk
muscle activity is associated with back discomfort.
In some studies, lumbar muscle activity was higher
in people with chronic low back pain or in those
developing pain compared to those without any
pain. Some researchers hypothesize that defects in
neuromuscular control leading to higher muscle
activity in the patients with chronic low back pain
may be considered as a mechanism for maintaining
passive spinal structures, and a protective strategy
used by the participants with low back pain.
Although the participants in this study were healthy
individuals with no pain, their neuromuscular
control during sitting is one of the possible reasons
for the positive relationship between the EMG
amplitude and back discomfort and negative
relationship between RRT of the lumbar muscles
and back discomfort. However, some studies failed
to indicate a relationship between discomfort while
sitting and trunk muscle activity, or no association
was found with discomfort in spite of increasing
the activity. Dankaerts et al. (2009) indicated that
decreased and increased trunk muscle activations
may cause back pain. Therefore, reduced and
increased muscle activations may be appropriate
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in different situations. Thus, other reasons may be
related to back discomfort while sitting in addition
to the pattern of muscle activity.

Some studies reported that long-lasting lumbar
flexion combined with low activation of the trunk
muscles and sustained static posture while sitting
can play a significant role in the mechanism of back
discomfortand pain. Inthe present study, no positive
relationship was observed between lumbar flexion
and back discomfort. However, lumbar flexion was
high during sitting with respect to the reference
stand. Further, adopting a slumped posture
during sitting is suggested based on the results of
this study, which is consistent with those of the
previous studies. Depending on the association of
lumbar muscle activity with lumbar posture, some
participants may sit with slumped posture or alter
their posture intermittently to transfer load from
muscle to passive tissues temporarily. In this way,
they may reduce back discomfort in a short time,
and accordingly no relationship may be reported
between lumbar muscle activities or lumbar flexion
and back discomfort in a short term. However,
as shown in the study of Morl and Bradl (2013),
prolonged sitting can cause back discomfort in both
slumped and straight posture, and muscle activity
may increase over time in each case. Further, the
sustained lumbar flexion during slumped sitting
posture can cause discomfort. Thus, discomfort
may increase during slumped sitting since it can
cause creep and increase tension in muscles and

597



https://jhsw.tums.ac.ir/article-1-6576-fa.html

Mohammad Yadegaripour et al. / Ergonomic Evaluation of Relationship between Electromyographic Activity

tendons, intradiscal pressure and stretch ligaments,
and posterior passive spinal structures.

4. CONCLUSIONS

Back discomfort during laptop work in a sitting
position may be related to the activity pattern of
trunk muscles. However, the mechanism of back
discomfort while sitting is multifactorial, and the
role of a factor in causing back discomfort/pain may
be more than other factors based on an individual’s
condition and sitting posture. Thus, the role of

[ Dow!ed from jhsw.tums.ac.ir on 2022-10-19 ]

muscle activity, lumbar posture, type of task, and
duration of sitting, as well as factors such as defect
in neuromuscular control and even the presence of
underlying factors, should be considered at the same
time. Further, the opposite results of the previous
studies may be related to the above-mention factors.

Finally, the relative rest time of the trunk
muscles may be a better index than that of the
EMG amplitude to highlight the risk factors for
back discomfort. More studies can be conducted
for confirming the results.
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8. Wireless surface EMG Noraxon DTS system (Noraxon Inc.,
USA)
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7. Surface electromyography
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12. Rigid body model
13. Over 250-ms epochs moving in steps of 150 ms.
14. Reference voluntary electrical activity (RVE)
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9. EMG pinch lead wires
10. Erector Spinae (longissimus)
11. Noraxon’s 3D myoMOTION analysis system
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19. Creep

20. Chronic or recurrent low back pain
21. Cyclical flexion

22. Sustained flexion
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