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ABSTRACT

Introduction: The manufacturing, service professions, and other occupations commonly require their
employees to spend more than 2 hours of their workday in an upright position which can potentially
cause temporary or permanent health effects. The objective of this study is to determine the effect of
anti-fatigue mats on leg muscle discomfort and muscle activity due to prolonged standing.

Material and Methods: A total of 100 workers were involved in the study. The control and experimental
group stood for 2 hours in a controlled room with or without the anti-fatigue mat while sorting an
assortment of mixed items. Borg’s scale questionnaire and EMG signals were used to monitor the muscle
discomfort and activity of the respondents.

Results: The discomfort ratings and muscle activity in the experimental group were always at lower levels
compared to the control group, which meant there was a reduction in mean perceived exertion rating
for the knees, calves, and feet, i.e., 1.8, 2.5 and 2.6, respectively. The results showed that there was
a statistically significant (P < 0.001) difference in the Borg’s scale of discomfort ratings and leg muscle
activity between both groups.

Conclusion: The anti-fatigue mat can have a positive effect in preventing muscle discomfort and reduce
muscle activity among the respondents during prolonged standing.
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1. INTRODUCTION

Work-related ~ Musculoskeletal =~ Disorders
(WMSDs) development are common occupational
diseases these days in Malaysia. According to the
Malaysian Social Security Organisation’s (SOCSO)
(2013) statistics, there were 694 ergonomics
related cases, out of the 2,630 cases of occupational
related cases, which meant that for every four
cases reported to SOCSO; one was related to
musculoskeletal disorders.

Prolonged work in an upright position is one
of the risk factors related to occupational injuries
in the workplace. There are many effects of
prolonged standing such as reduced productivity
and quality of work and increased medical cost and
absenteeism. Eventually, when employers have to
recruit and train new workers, the employer will be
spending a large amount of money.

There are many scientific methods used as
interventions to reduce the occurrence of MSDs.
These interventions include sit-stand stools
vibration, anti-fatigue mats and shoe insoles.
Our study aimed at highlighting the effect of the
intervention of an anti-fatigue mat on comfort and
muscle activity among employee during prolonged
standing in the workplace.

2. MATERIAL AND METHODS

The pre-post experimental design was used
for this study. This study was conducted at a
manufacturing plant located in the state of Selangor
in Malaysia. The particular work unit was selected
due to receiving many complaints of body pain
from the workers in this unit and the in turn has
caused an increase of absenteeism among them. The
respondents were selected based on the inclusive
(male, age between 19-35 years old, normal Body
Mass Index (BMI) of 18.5-24.9) and exclusive
criteria (have any physical injury, have immediate
complaints of MSDs, have any cardiovascular
disease, and do not have adequate rest).

Sampling method

A total of 100 male respondents were randomly
selected to participate in the present study and
fulfilled the inclusive and exclusive criteria checklists.
The selected respondents were then randomly divided
into two groups. The study was conducted at the
selected area in the plant to control external factors
such as humidity, lighting, temperature and noise. The
respondents were provided with standardized shoes
made from the same material with different sizes.
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Questionnaire & Instruments
i) Pre-survey questionnaire

All respondents must answer a pre-survey
questionnaire and undergo a physical examination
(to measure their height and weight) to ensure the
respondents meet the required criteria of the study.

ii) Borg Scale Measurement

The subjective measurements are one of the
important methods in measuring the discomfort or
comfort levels for the respective users, the Borg CR-
10 scale, therefore, was used. The Borg RPE scale
has been compared with other linear scales such as
the Visual Analogue Scale (VAS) and Likert scales.
The sensitivity and reproducibility of the results are
broadly similar, although the work done suggests
that the Borg scale may outperform the Likert scale
in some scenarios.

iii) Electromyography (EMG)

The ADI Instruments (Power Lab) was used as
tools for conducting measurements and analyzing
calf muscle activity. EMG is a non-invasive
technique for measuring electrical muscle activity
resulting from the contraction and relaxation of
muscle exercises. The surface electromyography
(SEMG) electrodes are attached at the calf area,
specifically at the gastrocnemius muscle and tibialis
anterior muscle for both lower legs. The signals
were recorded to measure the muscle activity in the
area.

Data collection techniques

Each session took 2 hours to be completed
during the prolonged standing. Meanwhile, the
respondents needed to sort the mixed items and
separate them into three specific boxes on the table
based on the color of the items. An adjustable table
was also used during the collection of the data
in the study to ensure the participants’ comfort
and their body physique. The respondents were
required to evaluate their discomfort levels for
the upper and lower body on the Borgs CR-10
questionnaire every 15 minutes from the beginning
until the end of two hour session. At the same
time, EMG signals were used to monitor recorded
muscle activity for the right and left legs with the
surface of the electrode attached. The results of
the questionnaires and readings from the sEMG
were analyzed using Statistical Package for Social
Sciences Software (SPSS) Version 22.
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3. RESULTS AND DISCUSSION

Respondents’ age ranged from 19 to 35 years
old, due to the fact that this range of age is usually
classified as a young adult. A previous study
stated that the younger employees tend to recover
quicker than the older employees in terms of
discomfort and fatigue during prolonged work in
an upright position. We decided to control the age
of participants to avoid factors that may affect the
data of muscle activity and their weight and height.

Data Distribution of Discomfort Rating
Between Experimental and Control Groups:

Borg’s Scale has been used to evaluate the
discomfort rating for both groups, in general,
Borg’s scale was used to compare ten different body
parts of respondents, i.e., neck or head, shoulder,
upper back, arms and hands, low back, buttock,
thighs, knees, calf, ankles and feet. It represents the
discomfort level rating of each of their body parts
during the 2 hours of testing with and without the
intervention (anti-fatigue mat).

The results indicated that the respondents
experienced discomfort on their body parts
during the testing process. With the presence of
intervention (anti-fatigue mat), other body parts,
especially the leg showed comfort compared that of
without the intervention.

The previous studies have shown that the
discomfort level could be decreased by standing on
a soft mat compared to standing on a hard surface
for a long period of time. Many employees gave
positive feedbacks, where the softer surface was
more comfortable compared to the hard surfaces.

The result showed that the lower body parts
had the highest mean of perceived exertion rating
compared to the upper body parts among the

tested respondents who did not use the anti-fatigue
mat (control group) at the 120th minutes. These
findings assigned that the mean subjective ratings
of lower extremity discomfort were significantly
higher at the 2-hour mark and above.

Therefore, companies are recommended to
install anti-fatigue mats at workstations to increase
body comfort while performing work tasks in a
standing position.

Comparison of Differences of Discomfort

The MANOVA results are shown in Table 1.
It can be observed that there was a statistically
significant difference in the Borgs scale of
discomfort ratings between both groups for certain
body parts, especially for the lower body parts
throughout the testing session.

A previous study supported the notion that
discomfort can occur at first 15 minutes of standing
where people tend to be standing for a long time,
bending, reaching doing awkward twisting
activities. There were statistically significant
differences between the shoulder and upper back
part (p<0.05) continuously at the 60th until the
120th minute. Thus, generally, it can be concluded
that only the shoulder and upper back part of the
body showed statistically significant differences
between the control and experimental groups.

For the lower body part, it was observed that
there were statistically significant differences at the
45th, 60th, 75th, 90th, 105th and 120th minutes
for the lower back part, which showed stronger
sustainability of significant difference. For the
knees, there were statistically significant differences
from the 30th minute until the 120th minute. Next,
there were statistically significant differences in the

Table 1. MANOVA for Borg’s Scale (n=100) Multivariate Tests*

Effect Value 3 Hypothesis df  Errordf  Sig. ‘

Pillai's Trace 1.000 725500037.987° 21.000 78.000 0.001

Wilks' Lambda 0.000 725500037.984" 21.000 78.000 0.001

Intercept =~ Hotelling's Trace = 195326933.303 725500037.984° 21.000 78.000 0.001
Roy's Largest | b

Root 95326933.303 725500037.984 21.000 78.000 0.001

Pillai's Trace 1.000 20152813.543° 21.000 78.000 0.001

Wilks' Lambda 0.000 20152813.543° 21.000 78.000 0.001

Group Hotelling's Trace 5425757.492 20152813.543° 21.000 78.000 0.001
Roy's Largest b

Root 5425757.492 20152813.543 21.000 78.000 0.001

a. Design: Intercept + Group
b. Exact statistic
c. Computed using alpha = .05
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Table 2. MANOVA for overall surface EMG levels (n=100) Multivariate Tests*

Effect Value

Pillai's Trace 1.000

Int ¢ Wilks' Lambda 0.000

nter

TCPY Hotelling's Trace  123549.466
Roy's Largest Root 123549.466

Pillai's Trace 1.000

Group Wilks' Lambda 0.000
Hotelling's Trace 15746.199
Roy's Largest Root 15746.199

a. Design: Intercept + Group
b. Exact statistic
c. Computed using alpha = .05

calves during the 30th, 60th, 75th, 90th, 105th and
120th minutes. For the feet, there were statistically
significant differences between the 60th and the
120th minute. The results of tiredness and fatigue
are higher in the lower body part compared to the
upper body region.

The American Podiatric Association has
reported that in the United States, 83% of industrial
workers experienced lower back pain and feet
pain and discomfort associated with prolonged
standing. The results highlight significant
reductions in discomfort ratings for the body parts
on the whole in the experimental group when
tested with ergonomic intervention (anti-fatigue
mat) compared to the control group.

3.2 Data Distribution of Surface Electromyography
Levels

The results showed reductions in EMG levels
for both muscles of the right and left legs in the
experimental group compared to the control group.

In Table.2, the readings were higher in the
control group compared to the experimental
group. As shown in Table 3, the surface readings of
electromyography pattern for the tibialis anterior
muscle in the left leg showed the same reading for
the 15th minute but starting in the 30th minute
until 120th minute, the readings started to show
slight difference, where the control group showed
higher readings compared to the experimental
group.

With reference to Table 3, the gastrocnemius
muscle in the right legs showed the readings of
electromyography for both groups at the 15th
minute mark were almost the same for everyone.
The effects of prolonged work in an upright
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F Hypothesisdf  Error df Sig.
365706.419° 25.000 74.000 0.001
365706.419° 25.000 74.000 0.001
365706.419° 25.000 74.000 0.001
365706.419° 25.000 74.000 0.001
46608.751° 25.000 74.000 0.001
46608.751° 25.000 74.000 0.001
46608.751° 25.000 74.000 0.001
46608.751° 25.000 74.000 0.001

position will lead to the development of discomfort
and fatigue in the muscles. Previous studies have
shown that the discomfort levels increased over
time for the whole body, especially for the lower
limb. The discomfort level change starts from the
first 30 minutes and after 90 minutes of standing.
Nevertheless, starting from the 45th until 120th
minute, it was observed that the reading of the
surface electromyography in the control group was
higher compared to the experimental group.

The reading for gastrocnemius muscle in the
left leg for the 15th minute and 30th minute marks
showed the same readings. Starting from the
45th minute until the 120th minute, the control
group showed higher readings compared to the
experimental group. Thus, the anti-fatigue mat was
capable of reducing discomfort levels for standing
as the floor conditions and duration of standing
significantly influences the level of discomfort of
participants both in field and laboratory settings.

The readings of the surface electromyography
for the tibialis anterior muscle in the right leg,
when being compared between the control and
experimental groups, showed that the p-value
was significant at the 30th minute mark until the
120th minute mark. These findings were supported
in previous studies which also stated that people
could be exposed to MSDs because the muscle
tends to work extra hard to maintain the static
position, increase in the tension of the muscles and
decrease of the elasticity of tissue. It was also the
same for the tibialis anterior muscle in the left legs,
where the p-values were significant at <0.0001. This
indicates that the tension of the tibialis muscles in
the control groups have increased when compared
to the experimental groups.
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Table 3. MANOVA for overall surface EMG levels (n=100) Tests of Between-Subjects Effects

Muscle parts Time (min) df  Mean Square F Sig. ‘
15 1 0.230 2.062 0.154
30 1 1.772 8.104 0.005*
45 1 1.212 5.678 0.019*
o L 60 1 1.924 9369 | 0.003*
Tibialis Anterior Right 75 7 2716 13.628 0.001*
90 1 3.671 20.041 0.001*
105 1 5.167 29.779 0.001*
120 1 8.088 50.055 0.001*
15 1 1.776E-14 0.000 1.000
30 1 0.150 0.979 0.325
45 1 1.988 14.491 0.001*
60 1 3.334 19.520 0.001*
Tibialis Anterior Left 75 1 3.445 19.583 0.001*
90 1 2.660 14.114 0.001*
105 1 4.427 16.014 0.001*
120 1 9.006 41.108 0.001*
15 1 0.000 0.000 1.000
30 1 3.482 41.502 0.001*
45 1 8.225 166.042 0.001*
) o 60 1 11.162 184.558  0.001*
Gastrocnemius Posterior Right 75 1 10576 44.694 0.001*
90 1 9.622 44.464 0.001*
105 1 10.240 48.336 0.001*
120 1 13.250 74.952 0.001*
15 1 1.066E-14 0.000 1.000
30 1 7.105E-15 0.000 1.000
45 1 8.779 67.695 0.001*
Gastrocnemius Posterior Left 60 ! 12.560 151523 | 0.001*
75 1 20.169 316.291 0.001*
90 1 22.877 270.769 0.001*
105 1 29.063 440.836 0.001*
120 1 39.942 381.174 0.001*

*P-value significant at <0.05

In brief, it can be observed from the
abovementioned results that there were statistically
significant differences between both gastrocnemius
posterior and tibialis anterior muscles for both
the experimental and control groups. The usage
of an anti-fatigue mat has been able to reduce the
surface EMG readings. Therefore, this ergonomic
intervention (anti-fatigue mat) is one of the solutions
that may resolve or reduce the risk of getting
musculoskeletal diseases among the employees by
fitting the work environment to them.

4. CONCLUSION

In conclusion, the usage of an anti-fatigue mat
as an ergonomic feature in the manufacturing

Journal of Health and Safety at Work 2022; 12(3): 483-498

industry may provide a beneficial outcome to
the industry, which decreases muscle discomfort
and activity among the workers. Therefore,
using a proper anti-fatigue mat as an ergonomic
intervention could reduce the ergonomic risks and
ergonomics injuries related to prolonged work in
an upright position.
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