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Abstract

Background and aims: In the workplace, harmful factors such as noise and heat
stress can have adverse effects on muscle activity. This study was performed to
investigate the effect of simultaneous exposure to noise and heat stress on the
activity level of biceps and flexor muscles.

Methods: This experimental study was performed on 24 male students in
laboratory conditions. Participants in three groups were exposed to SPL
of 75, 85 and 95 dBA and WBGT =22, 30 and 35°C randomly. During light
manual activity, the activity level of biceps and flexor muscles was measured
in a sitting position using surface Electromyography. Normalized RMS (Root
Mean Square) of muscles was used to compare the level of muscle activity
in different conditions. ANOVA test was used to examine the relationship
between variables.

Results: The mean (SD) age of the participants was 21+1.6 years. Based on the
muscle activity WBGT=30°C and SPL=85 dB were defined as border points
in changes of biceps activity. The highest and lowest levels of flexor muscle
activity were observed at SPL of 75 and 95 dB, respectively. The interaction
between noise and heat stress exposure show that exposure to both factors
causes significant changes in muscle activity levels (P.value<0.05).

Conclusion: Exposure to noise and heat stress in the workplace affects the
function of the biceps and flexors muscles. To determine the effects of noise
exposure and heat stress on muscle activity more accurately, further studies are
recommended.
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EXTENDED ABSTRACT

INTRODUCTION

Skeletal muscles are important tissues that
play an important role in movement, respiration,
energy production and regulation of the
body metabolism (1-4). Skeletal muscles are
responsible for all voluntary movements in the
human body; therefore, their optimal physical
performance is important (5).

Heat and noise are among the most harmful
environmental factors that exist in most work
places. By definition, heat stress is a condition
in which the total heat received from the
environment and the heat produced in the human
body is more than the heat that is dissipated from
the body to the environment in different ways
(6). ISO 7243 is related to the study of heat stress
in the workplace. According to this standard, the
allowed amount of heat exposure in the workplace
is determined according to the metabolism and
energy required to do the job (7).

Despite the negative effects of heat stress
exposure on mental and physical performance,
many studies have shown that heat stress protects
muscles from atrophy and causes hypertrophy
in skeletal muscle. Elevated levels of heat shock
proteins (HSPs) and PGC-1a proteins in muscle
are protective mechanisms that occur in the
exposure to heat stress (2, 8, 9). Some animal
studies show the adverse effects of heat stress on
skeletal muscle, such as decreased muscle growth
in livestock, decreased livestock production and
consequently economic losses (10), oxidative
damage to skeletal muscle tissue (11), and
reduction of force, muscle function, and the
electromyography activity(12). Excessive internal
heat inside the muscle due to muscle activity and
exposure to the hot environment reduces the
ability of the central nervous system (CNS) to use
the required number of motor units in order to
produce the required force of work done and thus
reduces muscle function (13).

Noise is defined as an unpleasant sound that
is one of the most common stressors in daily
human life with various sources. Sound affects
the CNS in two ways. A pathway is responsible
for transmitting sound to the hearing center
where sound is perceived and interpreted. In the
second pathway, sound travels to deeper parts
of the brain, activating the autonomic nervous
system. Chronic exposure to noise causes fatigue,
which this fatigue results in decreased muscle
movement (14-16). Alpha and gamma motor
neurons are responsible for innervating skeletal
muscle fibers. Exposure to noise stimulates and

affects the activity of these neurons. Therefore,
increasing the loudness of the sound leads to an
increase in the strength and activity of the muscle
(17-19). In acute exposure to noise (>85dB) there
is an increase in muscle activity. As noise level
increase, the electromyography activity increased
(20, 21).

Recently, few studies have examined the effects
of simultaneous exposure to environmental
factors on the function of different parts of the
body, such as muscles. As a result, there are no
definite reliable results regarding the effects of
environmental factors such as heat and noise
on muscle activity. In a work environment,
one cannot expect to be exposed to only one
environmental factor, but in the workplace it is
faced with both or more. Therefore, considering
the importance of muscle strength and physical
ability during work, as a result, the present study
was conducted to evaluate the effects of exposure
to noise and heat stress on the activity of biceps
and flexor muscles in men.

METHODOLOGY
Participants and Data gathering tools

This experimental study was conducted with
the presence of 24 male volunteer students in
the age range of 20-25 years in the laboratory
of heat and humidity control. Inclusion criteria
were: no history of cardiac, antidepressant,
sedative and muscle drugs. Participants should
have normal hearing and have no cardiovascular
disease, respiratory problems, sleep disorders,
or heat-related problems. Also, basic exercise
activity was assessed and individuals that
exercised professionally were excluded from the
study. The disease status form was completed by
individuals in which the health status and non-
disease status of individuals were assessed. Before
starting the study, the purpose and conditions of
the research were explained to the participants
and the individuals participated in the study
completed the informed consent form. Before the
test, weight and height were measured and Body
Mass Index (BMI) was calculated. According to
the World Health Organization (WHO), the BMI
in the Asian population is normal in the range
(18.5-22.9 kg/m?). In this study, BMI index was
considered in the normal range (19.9-22 kg/m29)
(22, 23).

Goldberg General Health Questionnaire
(GHQ-28) consists of four sub-sections (physical
symptoms, anxiety/insomnia, social dysfunction,
and depressive symptoms) was used to assess the
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health status of participants. The questionnaire
items are scored on a Likert scale, with a score 0 to
3. The maximum total score of the questionnaire
is 84. According to studies conducted in Iran, a
score below 24 indicates a favorable health status.
The validity and reliability of the Persian General
Health Questionnaire with Cronbach’s alpha
value of 0.97 is confirmed (24-27). The Weinstein
Noise Sensitivity Scale (WNSS-21) was used to
assess noise sensitivity. Questions are scored
from 0 to 5 points. The maximum total score of
this scale is 105, based on which a higher score
indicates greater sensitivity. In this questionnaire,
some questions are scored in reverse. Based on
the final score, people are divided into three
groups: insensitive (<25th percentile), moderate
sensitivity (25-75th percentile) and people with
high sensitivity (>75th percentile) (28, 29).

Test conditions

Subjects were randomly divided into three
groups of 8 based on noise exposure and heat
stress. Noise exposure was performed with three
levels of 75 dBA (less than TLV), 85 dBA (TLV
for 8 hours per day) and 95dBA (more than
TLV). The permissible amount of occupational
exposure of WBGT for light manual work is
30°C. Thermal conditions 35°C and 22°C were
considered as upper and lower level of heat stress
respectively (30).

The recorded sound of an industrial fan was
used to create the noise exposure conditions.
Gold Wave software (Canada.1993) was used to
adjust the desired sound level. The Casella 62X
(A-SLOW) sound level meter was used in the
auditory area to ensure the sound pressure levels.
After adjusting the sound level by the software,
the sound was played in the environment using
two speakers at equal distances (distance of 1
meter on both sides of the person).

The experiments were performed in the
relative humidity (507) (7).To provide different
WBGT conditions, two electric heaters (model
2200 EFHA- 2200 W-ARASTEH Company)
and two humidifiers (Beurer LB60 model) were
used. To measure the WBGT index, the digital
WBGT meter (QUESTEMP-10 model) with a
sensitivity of about 0.1°C was used. All devices
were calibrated before the test. Participants in
each group, after staying in the background
noise and heat for 10 minutes, while doing light
manual work, were exposed to the desired noise
and heat conditions for 15 minutes, and at the
same time biceps and flexor muscles activity of
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the dominant hand were measured.

Record and analyze of EMG signal

Surface Electromyography (sSEMG)is a simple,
non-invasive, low-cost method that is currently
used in both research and clinical practice to
quantitatively and qualitatively analyze superficial
muscle activity (31). The Surface EMG for Non-
Invasive Assessment of Muscles (SENIAM)
Convention describes guidelines and standards
for electrodes, the location of electrodes, signal
processing, and modeling. This standard specifies
the possible types of noise in measuring the
electrical activity of muscles (32, 33).

A 32-channel wireless eWave sEMG device
was used to measure the muscles activity. The
location of the electrodes on the muscles was
performed according to SENIAM instructions.
To reduce skin resistance, the electrode place
on skin was cleaned by removing hair and using
alcohol, and the electrodes were placed ly to the
direction of the muscle fibers at a distance of 2
cm (center to center) on the bulge of the muscle
center. For electrode placement according to
SENIAM, the participant was asked to contract
his biceps by bending 90 degrees at the elbow joint
while sitting on a chair. To record biceps EMG,
in the last third of the hypothetical line between
the acromion and the cubital cavity, bipolar
electrodes were fixed parallel to the biceps muscle
fibers of the dominant hand of the participant.
To record the flexor muscle EMG, parallel to the
muscle fiber, the electrodes were placed exactly

A Py % '.:f
Figurel: Location of electrodes on biceps and flexor
muscles and reference electrode in the study
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in the middle of the medial epicondyle, that is,
halfway between the internal humerus appendix
and the ulnar styloid appendage (34-36); Figurel.
In this study Pre-gelled Ag/AgCl electrodes
(SKINTACT;F-55) were used (37). Normalized
root mean square (NRMS) index was used to
measure muscle activity. Maximum voluntary
contraction (MVC) was used to normalize RMS
values. To measure EMG during MVC of muscles,
the subject was asked to be in a normal posture
(sitting) and apply maximum muscle force using a
dynamometer for 5 seconds and three times with
an interval of 60 seconds. The highest amount
of MVC was used to normalize RMS values (35,
38). EMG was measured at a frequency of 1K
Hz and a bandwidth of 10-500 Hz (38). In the
experimental stages, software filters were used
to eliminate environmental noise (AC Noise, 50-
60 Hz) (31). In order to eliminate the movement
noise, the cables were fixed using a strap on the
hand. The measured values were analyzed using
MATLAB software (Ver.16a).

Analysis and statistical tests

To compare the level of exposure in
the exposure groups and to investigate the
relationship between the levels of exposure and

the levels of muscle activity, due to the normal
distribution of muscle data, repeated measures
analysis of variance (General Linear Model
Repeated Measures) test was used. Alpha value
less than 0.05 was considered as a significant level
in all tests.

RESULTS

Participants had a mean age of 21+1.60 years.
Tablel shows the mean+SD of participants’
demographic information.

Based on Tablel and the maximum total
score of the WNSS scale (28, 29), the participants
are in the moderate sensitivity range. The
GHQ questionnaire score indicates that the
participants in the study are in perfect health.
Audiometry results of participants show that the
total hearing loss for people is 8.88 decibels. The
mean+SD of Biceps and Flexor muscle MVC were
1108.54+439.27 and 678.68+422.55, respectively.
Table2 shows the activity levels of the Biceps and
Flexor muscles by levels of noise and heat stress
exposure.

Figure 2 shows changes in the activity level of
the biceps and flexor muscles at different levels of
noise and heat stress, respectively.

According to Table3, the results of interaction

Table 1: Mean and standard deviation of demographic variables of participants in the study

Variables Mean +SD Min-Max

Age 21+1.60 20-25

Height (cm) 179.33+£5.58 170-192
Weight (kg) 69.56+8.39 60-88
BMI (kg/m?) 21.41£1.76 19-24
WNSS 54.83+14.67 32-87
GHQ-28 21.44+6.70 12-36

NIHL (dB) 8.88+3.23 1.45-15

Table 2: Mean and SD of the muscle activity in different levels of heat stress conditions in the groups of noise exposure

(n=24)
NRMS uV/s)
Flexor Biceps Noise

E f Exposure
£ WBGT (°C) £ WBGT (°C)
5 5

X X

35 30 22 35 30 22
0.040 0.088 £0.02  0.475+0.14 0.068 #0.11  0.063 #0.02  0.156 £ 0.03 75 dB)

(=]
= 0.226 £0.10  0.072#0.01  0.098 #0.02 g 0.083#0.01 1.064+0.48  0.506 £ 0.45 85 @dB)
(9]

0.457 £0.32  0.060 £ 0.02  0.143 #0.04

0.162£0.04 0.057+0.02 0.097 £ 0.01 95 dB)

0.00 0.003 P.value**
P.value*: Significance level in noise exposure groups (Sig<0.05)
P.value**: Significance level in heat stress exposure groups (Sig<0.05)
f
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Figure 2: Changes in the activity level of the biceps and flexors muscles at different levels of noise and heat stress

Table 3: Statistical results of interaction between noise and heat stress exposure in changing of muscle activity

Muscle Source factorl Type III Sum of Squares Df  Mean Square F Sig.
. . Level 1 vs. Level 2 1.569 2 .785 8.057 .004
Biceps  Noise*Heat stress
Level 2 vs. Level 3 4.324 2 2.162 25.836  .000
Flexor  Noise*Heat stress Level 1 vs. Level 2 454 2 227 32449  .000
X
Level 2 vs. Level 3 .593 2 297 7.175 .007

between noise and heat stress exposure
conditions show that exposure to both factors
causes significant changes in muscle activity
levels (P.value<0.05).

DISCUSSION

The aim of this study was to evaluate the
activity level of biceps and flexor muscles in
simultaneous exposure to noise and heat stress.

The present study shows that increasing the
level of heat stress significantly changes the level
of biceps and flexor muscle activity. Periard et al.
study showed that exposure to hot temperature
conditions (35°C) reduced the activity of the
studied muscle by 907. compared to the control
group (39). Exposure to ambient heat reduces
electromyography activity and the ability to
produce force in the muscle (12), which is
consistent with the results of the present study.

Examination of the effect of noise exposure
on muscle activity level shows that increasing
SPL changes the level of biceps and flexor muscle
activity. The pattern of changes in the level of
activity of the two studied muscles is completely
opposite to each other. The results of the
Kjellberg (21) and Nagqvi et al.(16) studies show
that exposure to noise reduces muscle motor
activity; which is somewhat consistent with the
results of the present study. The results of Jancke

and Kjellberg studies show that acute exposure
to noise higher than the 85dB increases muscle
activity(20, 21).The results of these studies are
somewhat consistent with the findings of the
present study. The reason for the difference in
results is related to differences in the muscles
studied and the variety of sounds studied. The
reason for the difference in the pattern of changes
in activity level of the two studied muscles can be
inferred that the flexor muscle is more affected
by noise due to its type and nature of function. In
addition, because the fingers are the extremities
of the hands, increasing the SPL can increase
the speed of work on these organs. From this
difference in the pattern of changes in muscle
activity level, it is inferred that the nature of
muscle and its function play an important role
in the effect of noise exposure on muscle activity
level.

According to Figure 2, activity level of the
studied muscles varies due to the combined
exposure of noise and heat stress. From these
results, it can be concluded that increasing the
SPL as well as increasing heat stress level has a
synergistic effect on the level of muscle activity
and causes statistically significant changes in
activity level of muscles (P.value<0.05).

Because no studies have been performed
to evaluate muscle activity in exposure to
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combined harmful factors, it is not possible to
compare the results of the present study with
other studies. Low duration of exposure to noise
and heat stress were limiting factors in this
study. It is recommended that future studies be
performed in different age groups and in two
different sexes.

CONCLUSION

In this study, there were limitations such as
age limit of participants, lack of control group
to accurately compare the effects and short
duration of exposure to noise and heat stress, so

o) es 5 Jaw soues

it is recommended that future studies be done
considering these cases and more sample size.
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