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ABSTRACT

Introduction: Despite the numerous studies on occupational noise-induced hearing loss, there is limited
documentation on the vibration effects on the workers’ auditory system. Heavy equipment drivers are
exposed to high levels of whole-body vibration (WBV) and noise. Therefore, this study aims to investigate
the heavy equipment drivers’ auditory response to WBV exposure and combined exposure to noise and
WBV.

Material and Methods: 30 male heavy equipment drivers with an average age of 32.40 + 4.91 years
participated in this study, which was designed based on the repeated measurements model. During 3
defined scenarios of exposure to WBV, combined exposure to noise and WBV, as well as the scenario
without exposure, the drivers’ auditory response was measured using distortion product otoacoustic
emissions (DPOAE). Statistical analyses were performed by IBM SPSS-25 software.

Results: The range of heavy equipment in-cabin noise was 84-89 dB. Also, the most exposure of drivers
to WBV was obtained in the Z axis with an average acceleration of 1.29 m/s?. The DPOAE amplitude of the
drivers in all three investigated scenarios showed significant changes (P<0.05); But in comparison between
different scenarios, exposure to WBV and combined exposure to noise and WBV had a significant effect
on the response of the auditory system of the participants in the study compared to the scenario without
exposure (P<0.05). Also, there was a significant difference in the changes of the DPOAE amplitude in
different frequencies; Thus, the most changes in the DPOAE amplitude were observed in the frequencies
of around 4000 Hz.

Conclusion: The results of this study showed the damaging consequences of exposure to noise and
WABV on the auditory response; In addition, the present study provided evidence of synergistic effects of
combined exposure to noise and WBV on heavy equipment drivers.
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1. INTRODUCTION

There are numerous studies supporting the
adverse effects of occupational noise and whole-
body vibration (WBV) exposure on workers health
and safety. Noise-induced hearing loss (NIHL)
is the most serious and prevalent auditory effect
of occupational noise exposure. Although a lot
of research have confirmed hearing loss resulting
from noise exposure, the literature remains scarce
concerning the effects of vibration on workers’
hearing ability. Some studies, including human
studies and experimental animal models, have
shown that WBV can have adverse effects on the
auditory system function; however, the mechanisms
of these effects are not well understood and are still
ambiguous.

Drivers of heavy equipment vehicles (such as
bulldozers, excavators, loaders, and graders) are
exposed to high levels of noise and WBV. Referring
to existing literature, heavy equipment drivers are
usually exposed to noise levels of 84-99 dB(A) and
WBYV levels of 0.38-1.47m/s*. However, according
to the Iranian occupational exposure limit (OEL),
the acceptable daily exposure to noise and WBYV is
85dB(A) and 0.87m/s? respectively. Consequently,
heavy equipment drivers are endangered by the
risk of NTHL.

Furthermore, it is essential to use proper
tactics for detecting cochlear damage sooner in a
preclinical phase. Distortion product otoacoustic
emissions (DPOAE) can be a desirable test to assess
cochlear function. If the cochlear outer hair cells
(OHCs) are impaired for various reasons, such as
loud noise exposure, it can lead to a decrease in the
DPOAE amplitude. Therefore, this study proposed
to investigate the single and combined effects of
exposure to noise and WBV on heavy equipment
drivers hearing functions using DPOAE as a quick,
objective, and frequency-specific assessment tool.
It is anticipated that the results will help enhance
understanding in health surveillance programs and
safety concerns for heavy equipment drivers.

2. MATERIAL AND METHODS
Participants

Thirty male drivers of heavy equipment in
open-pit mining, with an average age of 32.40+4.91
years and a body mass index (BMI) of 26.91+2.68,
participated in this study. The inclusion criteria for
participating drivers included hearing thresholds
less than 25 dB at frequencies of 500 to 8000 Hz
and the detectable DPOAE amplitude, no history of
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auditory system diseases, acoustic trauma, auditory
system surgery, no exposure to ototoxic chemicals,
and no addiction to drugs, tobacco, or alcohol.

Apparatus

The hearing threshold of volunteer heavy
equipment drivers participating in the study was
determined by a calibrated pure-tone audiometry
device (AC 40, Madsen, Denmar). Additionally,
the DPOAE amplitude was examined using a
DPOAE-analyzer device (Neuro-Audio-Russia)
at frequencies of 988, 1481, 2222, 2963, 4444,
5700, and 8000 Hz. To measure the drivers’ noise
exposure, a calibrated noise dosimeter SV104 and
a calibrated sound level meter SV971 (SVANTEK,
Poland) were used. The acceleration of drivers
exposure to WBV was also measured using an
SV-106A vibration meter (SVANTEK, Poland).
Furthermore, the hearing protection device (SNR
= 32dB) was used by heavy equipment drivers in
WBYV exposure scenario.

Experimental design

The present study was conducted using
a repeated measurements model where the
participants’ hearing response was measured by
DPOAE amplitude in three different exposure
scenarios, including:

1- Single exposure to WBV: To eliminate the
effect of noise on the auditory system of heavy
equipment drivers, they were asked to use hearing
protection devices (earplug) during all activities in
the vehicle cabin.

2- Combined exposure to noise and WBV:
Heavy equipment drivers were engaged in mining
activities without using hearing protection devices.

3- No-exposure: The natural changes in DPOAE
amplitude were evaluated among heavy equipment
drivers without any exposure to noise or WBV
during a day off (holiday).

Procedure

This study was approved by the Ethics
Committee of Hamadan University of Medical
Sciences (ethics code: IR. UMSHA. REC. 1398.108).
During the study implementation, participants’
ear canals were examined using an otoscope
before each scenario to ensure they were clear of
any foreign or obstructive materials. The DPOAE
test was performed on both ears at the specified
frequencies, and the recorded results were set as
the drivers’ hearing response before the exposure.
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Then, the drivers carried out their daily activities
in two scenarios: WBV exposure and combined
exposure to noise and WBV. To investigate the
drivers’ hearing response after exposure to noise
and/or WBYV, another DPOAE test was conducted
at the end of their work activities. Also, the drivers
were asked to be visited in the audiology clinic for
DPOAE amplitude measurement two times (in
morning and afternoon) according to the mine
working hours in holidays. This scenario (No-
exposure) was run to control the natural changes
in DPOAE amplitude of heavy equipment drivers.

Statistical analysis

Due to the variability of the DPOAE amplitude
in different scenarios, the mean differences of
DPOAE amplitudes were utilized for statistical
analysis. In this study, a paired sample t-test was
conducted to investigate the effects of the exposure
in each scenario. Furthermore, a repeated measures
ANOVA was employed to compare the exposure
scenarios. A significance level of 0.05 was considered
to be statistically significant, and the study data were
analyzed using IBM SPSS-25 statistical software.

3. RESULTS AND DISCUSSION

Based on the field measurements, the measured
noise level was obtained within the range of 83-89
dB inside the heavy equipment cabin. Additionally,
heavy equipment drivers experienced the most
exposure to WBV with an acceleration of 1.29 m/

s?in Z direction.

Table 1 illustrates the mean differences in
DPOAE amplitudes in both ears of participating
drivers at frequencies of 988, 1481, 2222, 2963,
4444, 5700, and 8000 Hz in three study scenarios.

The DPOAE amplitude changes in all scenarios
showed a significant difference before and after
measurement in both ears, indicating a decrease in
DPOAE amplitude (P<0.05).

As shown in Table 2, significant differences were
found in DPOAE amplitude changes at different
frequencies in two exposure scenarios (P<0.05) while
the changes in the no-exposure scenario showed
no significant difference (P>0.05), demonstrating a
significant effect of exposure to noise and WBV on
DPOAE amplitude at different frequencies.

Due to the significant difference in the DPOAE
amplitude at different frequencies, Tukey’s post
hoc test was used to compare the means between
groups. The results of this test showed a significant
reduction in DPOAE amplitudes at frequencies of
4444 and 5700 Hz in the WBV exposure scenario as
well as a significant reduction in DPOAE amplitude
at frequencies of 2963, 4444, and 5700 Hz in the
combined exposure to noise and WBV scenario.
In this scenario, the 4444 Hz frequency showed a
greater reduction in DPOAE amplitude compared
to other frequencies. Figure 1 depicts the changing
trend of DPOAE amplitude at different frequencies.
As shown in Figure 1, the greatest changes in
DPOAE amplitude occurred in the scenario of

Table 1: The mean differences of DPOAE amplitudes (dB) in three exposure scenarios

DPOAE Frequency No exposure
(Hz) i

Mean * SD
Right 1.21 £ 0.69

988
Left 1.17 £ 0.41
Right 1.26 +0.86

1481
Left 1.30 £ 0.54
Right 1.25 +0.65

2222
Left 1.29+0.41
Right 1.27 +£0.52

2963
Left 1.29 £0.87
Right 1.11+0.74

4444
Left 1.07 £ 1.19
Right 1.24 +0.68

5700
Left 1.20 £ 0.84
Right 0.91 +0.80

8000
Left 1.10 + 0.64

Note: WBV (whole-body vibration).
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Exposure scenarios

Combined exposure to Noise
WBYV exposure

and WBV
Mean + SD Mean + SD
1.47 £ 1.09 1.53 £ 0.68
1.44 +0.99 1.64 £ 1.30
1.49 + 0.86 1.75 £ 0.99
1.48 £ 0.83 1.64 + 0.95
1.60 + 0.87 2.23+1.01
1.65+1.03 2.53+1.44
2.10 + 1.00 4.63£1.53
2.14+1.29 4.72+1.53
2.98 £ 1.62 5.72£1.90
3.09+1.87 5.89 +2.40
2.71+1.26 418 £1.61
2.78 £ 1.61 4.03+1.24
1.40 + 1.42 2.19+1.51
1.51 +1.87 2.26 £1.28
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Table 2: The significant levels for DPOAE amplitude changes in different frequencies in three exposure scenarios

Exposure scenarios

Right 1.01 0.422

No exposure

WBYV exposure

Combined exposure to Noise and WBV

Note: WBV (whole-body vibration).

Ear F P-Value
Left 0.48 0.821
Right 8.89 <0.001*
Left 6.95 <0.001*
Right 42.72 <0.001*
Left 36.15 <0.001*

B No exposure
1 @ WBYV exposure

4

3

Mean differences of DPOAE amplitudes (dB)

988 1481 222

Combined exposure
<4  toNoise and WBV

2963 4444 5700 8000

DPOAE Frequency (Hz)

Fig. 1: The mean differences of DPOAE amplitudes (dB) trend in three exposure scenarios in different frequencies
Note: WBV (whole-body vibration).

combined exposure to noise and WBV at the 4444
Hz frequency and its neighboring frequencies
while lower frequencies showed the least amount of
DPOAE amplitude reduction.

Because there was a statistically significant
difference in DPOAE amplitudes in different
exposure scenarios, pairwise comparisons were
used to compare the means between groups at
frequencies of 2222, 2963, 4444, 5700, and 8000 Hz.
Table 3 shows the results of pairwise comparisons
for both right and left ears. According to the results
in Table 3, combined exposure to noise and WBV
showed a significant difference with other scenarios
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at the frequency of 2222 Hz. The same results were
obtained at the frequency of 8000 Hz. Also, there
was no significant difference between exposure
to WBV and combined exposure to noise and
WBYV (P>0.05). In other frequencies, a significant
difference was observed among the three scenarios,
illustrating that combined exposure to noise
and WBV showed the highest level of DPOAE
amplitude changes while no-exposure scenario
demonstrated the least amount of the changes.
Exposure to loud noise can alter the physical
condition of auditory hair cells, specifically OHCs.
Changes in DPOAE amplitude happen because
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Table 3: Pairwise comparisons of three exposure scenarios on DPOAE amplitudes

DPOAE

Frequency Ear Exposure scenarios
)

No exposure
WBYV exposure
Combined
No exposure
Left WBYV exposure

Combined exposure

2222

No exposure
Right WBYV exposure
Combined exposure
2963
No exposure
Left WBYV exposure
Combined exposure
No exposure
Right WBYV exposure
Combined exposure
4444
No exposure
Left WBV exposure
Combined exposure
No exposure
Right WBYV exposure
Combined exposure
5700
No exposure
Left WBYV exposure
Combined exposure
No exposure
Right WBYV exposure
Combined exposure
8000
No exposure
Left WBYV exposure

Combined exposure

Note: * indicates statistically significant, WBV (whole-body vibration).

noise exposure affects the biomechanical activities
of OHCs, causing functional cell disorders.

One crucial finding in the present study was a
significant reduction in DPOAE amplitude in WBV
exposure. In a similar vein, Studies conducted by
Akada, Olszewska, and Picot revealed that hearing
impairment could be influenced by WBV exposure.
It seems that exposure to WBV as a stressor
can stimulate the sympathetic system and affect
the auditory system similar to the mechanisms
involved in high noise exposure. In contrast,
studies conducted by Seidel, Yukiyama, and Menin
did not agree with our results. The discrepancies
in findings across various studies can largely be
attributed to different methodologies, particularly
exposure duration and intensity of stimulation that
can notably play crucial roles.

Pairwise comparisons (P-Value)

Combined exposure to Noise

No exposure WBYV exposure and WBV

- 0.064 <0.001*

0.064 - 0.007*
<0.001* 0.007* -

- 0.071 <0.001*

0.071 - 0.02%
<0.001* 0.02* -

- 0.001* <0.001*

0.001* - <0.001*
<0.001* <0.001* -

- 0.005* <0.001*

0.005% - <0.001*
<0.001* <0.001* -

- <0.001* <0.001*
<0.001* - <0.001*
<0.001* <0.001* -

- <0.001* <0.001*
<0.001* - <0.001*
<0.001* <0.001* -

- <0.001* <0.001*
<0.001* - <0.001*
<0.001* <0.001* -

- <0.001* <0.001*
<0.001* - 0.006*
<0.001* 0.006* -

- 0.06 <0.001*

0.06 - 0.064
<0.001* 0.064 -

- 0.161 <0.001*

0.161 - 0.065
<0.001* 0.065 -

4. CONCLUSIONS

The results of this study confirm the harmful
effects of noise exposure on hearing ability.
Moreover, the findings provided evidence for
the adverse effects of WBV exposure on heavy
equipment drivers auditory system.

Furthermore, this research validates the
effectiveness of DPOAE test as an appropriate
method for evaluating hearing health along with
other standard auditory monitoring methods.
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1. Auditory evoked potential response
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3. Distortion product otoacoustic emissions
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1. Pure tone audiometry
2. Otoacoustic emissions
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4. General health questionnaire (GHQ)
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1. Homeostasis
2. Repeated measures designs
3. Body mass index
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1. Otoscope
2. Cerumen (wax)
3. Signal to noise ratio
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3. A-weighted equivalent sound pressure level
4. Root mean square

1. Earplug
2. Single number rating
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