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Noise-induced Hearing Loss: Continuous versus Impact/impulse Noise

Abstract

Background: Impact/impulse and continuous noise are two main causes of noise-induced hearing
loss (NIHL) in workplaces. The aim of this study was to compare the effects of impulse/impact
noise and continuous noise on hearing status. Methods: In this study, 259 workers referred to the
occupational medicine clinic of Shahid Rahnemoun hospital, Yazd, Iran, entered the study and were
divided into two groups: with exposure to impact/impulse noise and with exposure to continuous
noise. Hearing thresholds were measured and compared between the two groups by pure-tone
audiometry (PTA). The frequency of hearing loss and audiometric notch according to the results of
PTA was compared between the two groups. Data were analyzed by SPSS (ver. 16) using Student’s
t-test, Chi-square test, and Mann—Whitney U test. Results: Hearing thresholds were significantly
higher at all frequencies in the impact noise group. The hearing threshold at 6000 Hz was higher
than other frequencies in both groups. The frequency of hearing loss at high frequencies was higher
in the impact group. The frequency of audiometric notch was not significantly different between
the two groups. Conclusions: The results of this study showed that hearing loss after exposure to
impact/impulse noise is probably more frequent and more severe than exposure to continuous noise,
but the pattern of hearing loss is similar in both types of noise exposure.
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Introduction

One of the most frequent occupational
exposures in different industrial settings
is noise.'? Many employees are exposed
to occupational noise all over the world.l?!
About 28% of the workers in different jobs
in the FEuropean Union® and about
5.7 million workers in manufacturing
industries in USA are exposed to
hazardous noise.*! It is estimated that
16% of the disabling hearing losses in
adults (over 4 million DALYS5s) is attributed
to occupational noise, ranging from 7% to
21% in the various sub-regions.

Noise-producing equipment or devices may
produce two kinds of noise: continuous
or impact/impulse, which are different
regarding physical characteristics. Most
workers are exposed to continuous noise or
a combination of continuous and impact/
impulse noise, and less workers are exposed
only to impact/impulse noise. So, most
studies on the effect of noise on health have
been performed on continuous noise.™

Noise causes a sensori-neural hearing
loss (SNHL), that is, noise-induced hearing
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loss (NIHL), by affecting hair cells in the
cochlea.l NIHL is the second most common
SNHL after presbycusis.*! Hair cells of
the cochlea are the main target of injury
due to continuous or impact noise.”! The
placement of the hair cells in the organ of
Corti follows a frequency-sensitive manner,
hence making some parts more sensitive
than others to the effects of noise.l'*!!!

Impact/impulse noise is a fast increase and
decrease in sound pressure lasting no more
than 500 ms, and its severity is at least
15 dBA more than background noise.™
There are various sources of impact/impulse
noise in the occupational settings, such as
hammering, smithery, automobile body
work, military work, and so on. There are
considerable amounts of studies on health
effects of continuous noise, but we could
find only a few studies on health effects of
impact/impulse noise. Studies showed that
NIHL due to continuous noise has a typical
pattern: a symmetric sensori-neural hearing
loss mostly affecting 3000 Hz to 6000 Hz
frequencies with a better hearing level at
2000 Hz and 8000 Hz frequencies,!'*"!
and it may be accompanied by a notch at
3000, 4000, or 6000 Hzl*'*161 which is
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a characteristic pattern in NIHL. This pattern is affected
by the frequency spectrum of noise, shape of the ear
canal, and probably the type of noise, that is, impact
versus continuous. The frequency of hearing loss and its
characteristic pattern due to impact/impulse noise can be
different from continuous noise, and there are a few studies
on this type of noise exposure. So, this study was conducted
to assess and compare the frequency and pattern of hearing
loss in two groups of workers exposed to impact/impulse
and continuous noise.

Methods

This was a cross-sectional study on two groups of workers
referred to the occupational medicine clinic of Shahid
Rahnemoun hospital, Yazd, Iran, to perform periodic
occupational health evaluations. The first group (impact)
included workers exposed to impact/impulse noise from
different industries who were selected by consecutive
sampling. The second group included workers from a tile
industry exposed to continuous noise who were selected by
random sampling from different parts of the factory.

Inclusion criteria were the following: working at least
1 year in an industry with impact/impulse noise as their
main noise exposure (for impact noise group) and working
at least 1 year in a tile industry (for continuous noise
group). Individuals older than 50 years and those with a
history of acoustic trauma, conductive or mixed hearing
loss in audiometry, and ototoxic substance exposure
were excluded from the study. In each group, exposure
to recreational or non-occupational noise (such as gun
shooting, using musical instruments, using portable music
devices, etc.) was considered as the exclusion criterion.

In total, 72 individuals were selected in the impact noise
group. Their jobs included blacksmithery (n = 31),
metal cabinet manufacturing (n = 24), and automobile
body working (n = 17). We did not have access to noise
measurements in this group. They were exposed to noise
for about 8 hours in a day according to their self-report.
In the continuous noise group, 187 workers were selected
from different parts of the tile industry, including mixing
and grinding, ball mill, spray drying, forming, and glazing.
All participants were exposed to a noise level higher than
85 dBA (range: 85.2-89.7 dBA, time-weighted average
for an 8-hour work shift). Data about noise exposure were
extracted from the information which was present in the
factory.

An audiometric test (PTA) was performed for the
individuals in both groups. All individuals were asked
not to get exposed to high levels of noise (occupational
or non-occupational) for at least 16 hours before the test,
and the test was done after this period of abstinence from
noise by an expert audiologist blinded to the study. The test
device was a diagnostic audiometer (AC40, Interacoustic,
Denmark, head-phone: TDH 39) in an acoustic chamber
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meeting ANSI 2010 criteria.l'”? Hearing thresholds were
recorded at 250, 500, 1000, 2000, 3000, 4000, 6000, and
8000 Hz for left and right ears for air and bone conduction
using a standard method. The hearing threshold at each
frequency was recorded and compared between two groups.

Hearing loss at each frequency was defined as a hearing
threshold higher thanl5 dB-HL. Total hearing loss was
considered as average hearing thresholds at 3000, 4000,
and 6000 Hz higher than 15 dB-HL. Audiometric notch
was defined as at least 10 dB difference between the
hearing threshold in the observed frequency (3000, 4000,
or 6000 Hz) and the hearing threshold at its previous and
next frequencies.!'8!

Statistical analysis

Data were analyzed by SPSS (ver. 16) using Student’s
t-test, Chi-square test, and Mann—Whitney U test. The
level of significance was set at P < 0.05. Odds ratios were
calculated for comparison of the frequency of audiometric
notch.

An informed consent was obtained from each participant.
The protocol of the study was approved by the ethics
committee of the university (ethic code: IR.SSU.SPH.
REC.1398.125).

Results

After considering the inclusion and exclusion criteria,
259 individuals entered the study. The mean age of the
participants was 32.46 + 9.65 years and 31.73 + 8.23 years
in impact and continuous groups, respectively. There
was no statistically significant difference between groups
regarding age and work history (P = 0.21 and P = 0.09 for
age and work history, respectively). All individuals were
males.

The hearing threshold at all frequencies was significantly
higher in the impact group compared to the continuous
group. Table 1 compares the mean hearing thresholds
at each frequency between the two groups, which shows
a significantly higher hearing threshold in the workers
exposed to impact noise.

Table 2 compares the frequency of audiometric notch at
3000, 4000, and 6000 Hz in each ear between the two
groups.

The frequency of wunilateral and bilateral hearing
loss (averaged at 3000, 4000, and 6000 Hz) was
significantly higher in the impact noise group. Figure 1
shows the frequency of hearing loss in each group.

Discussion

Noise, a physical agent, is frequently observed as an
important occupational exposure in different workplaces. It
may cause some health problems, among which NIHL is
the most frequent one. The type of noise (i.e., continuous
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Table 1: Comparison of mean hearing threshold between two groups

Ear Audiometric Continuous Impact P
frequency (Hz) Mean SD Min Max Mean SD Min Max

Right 250 9.43 2.60 5 20 10.41 1.81 10 20 0.004
500 9.73 3.05 0 25 10.41 1.81 10 20 0.022
1000 9.97 4.84 5 50 11.36 2.53 10 20 0.001
2000 11.09 7.89 5 60 11.98 4.06 10 30 <0.001
3000 13.50 10.44 5 60 17.13 12.56 10 65 0.002
4000 15.61 11.99 5 75 23.15 17.52 5 85 <0.001
6000 18.76 13.87 5 95 27.53 17.40 10 85 <0.001
8000 15.82 13.17 0 80 21.43 15.71 10 80 <0.001

Left 250 9.73 3.31 5 35 10.20 0.99 10 15 0.037
500 9.97 4.51 5 35 10.34 1.52 10 20 0.050
1000 9.97 4.51 5 35 11.57 4.47 10 40 <0.001
2000 10.64 7.02 5 50 13.57 9.08 10 60 <0.001
3000 14.62 10.62 5 65 20.34 15.48 5 70 0.002
4000 17.82 13.26 5 85 26.23 18 5 80 <0.001
6000 17.43 12.71 5 85 27.26 16.99 10 75 <0.001
8000 16.1 13.51 5 85 24.38 16.43 10 75 <0.001

Table 2: Frequency of audiometric notch in two groups

Ear Frequency Number (%) OR 95% CI
(Hz)  Continuous Impact
(n=187) (n=72)
Right 3000 3 (1.60) 1(1.38) 1.17 0.12-11.47
4000 6(3.21) 9(12.50) 0.23 0.08-0.69
6000 23(13.37) 18(25.00) 0.43 0.21-0.85
Left 3000 3 (1.60) 4(5.55) 028 0.06-1.29
4000 21(12.20)  2(2.77) 4.51 1.03-19.78
6000 12(6.97) 9(12.50) 0.49 0.19-1.21
Bilateral 3000 0(0) 0(0) - -
4000 1 (0.06) 0(0) - -
6000 4(2.32) 4(5.55) 0.37 0.09-1.55
70 61 62
51
50
29
30
10
10 Right ear Left ear Bilateral
Continuous M Impact

Figure 1: Comparison of the frequency of hearing loss in continuous and
impact noise groups

vs. impact/impulse) may differently affect hearing of the
exposed individuals. In this study, the effect of continuous
and impact/impulse noise on hearing was compared.

This study showed that both the frequency and severity
of hearing loss (especially at 3000, 4000, and 6000 Hz)
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due to impact/impulse noise were significantly higher than
those due to continuous noise. This difference was seen
in a Russian study in which impulse noise created a more
severe hearing loss than was expected from the estimated
A-weighted noise dose.'”? Some other studies have found
as well a significant hearing loss after exposure to impulse
noise.?*?"" Clifford and Rogers in a review article found
that hearing damage due to impulse noise is higher than
the calculated level of energy would indicate, compared to
continuous noise.? This result was in agreement with the
results of the current study.

The most frequent pattern of NIHL is a sensorineural
hearing loss mostly observed at high frequencies, that is,
3000-8000 Hz in both types of noise,!'*?*? and audiometric
notch is a characteristic feature in NIHL,[™*! although NIHL
may occur without an audiometric notch.!'>! These findings
have been derived mostly from the studies on the effect of
continuous noise on hearing.

The pattern of hearing loss and the frequencies affected by
each type of noise was similar in this study. The hearing
frequency with the most severe loss in both continuous and
impact/impulse noise-exposed groups was 6000 Hz, which
was consistent with some other previous studies,!!¢>32]
although many studies have found 4000 Hz as the frequency
most frequently affected by noise; hence, the noise was
continuous in most studies.?”?! Audiometric notch was not
so common in both groups, and the difference was significant
only at 4000 Hz in the right ear. So, the findings of this study
did not show a different frequency of notch between the two
groups exposed to impact/impulse and continuous noise.

This study showed that hearing loss due to both impact/
impulse and continuous noise was more frequent in the left
ear than the right ear, which was consistent with most of
the previous studies.[!'?”]
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Most guidelines of hearing preservation programs are focused
on the exposure to continuous noise. Some studies have
proposed to calculate the A-weighted noise level for impact/
impulse noise as an equivalent-continuous noise level.*” But,
due to the more damaging effect of impact/impulse noise on
hearing, some studies proposed to add a safety margin to the
calculated noise from impact/impulse noise.*!

The mechanism and severity of the damage in the internal ear
due to impact/impulse noise may be different in some aspects
from continuous noise. Hamernik er «@l.’?! showed that
spectrum ciliary changes in inner and outer hair cells after
acoustic trauma are different from changes after exposure
to continuous noise. The internal ear is somehow preserved
from the effects of continuous noise by acoustic reflex,
but due to the time delay of this reflex, it is not probably
activated when an individual is exposed to impact/impulse
noise.™¥ Besides, proper and timely use of hearing protection
devices when the individual is exposed to impact/impulse
noise is more problematic than exposure to continuous noise,
although the results should be interpreted cautiously due to
some confounders which could not be controlled.

According to our findings, the hearing protection
program (HPP) is more important in impact/impulse
noise-exposed workers. Future longitudinal studies are
recommended to demonstrate the trend of hearing loss in
this type of noise exposure.

This study had some limitations: we did not have the
noise measurements of different workplaces in the impact/
impulse group, so we cannot conclude with certainty that
the difference between the two groups is only due to the
type of noise; there was no information about the use of
hearing protection devices and some other confounding
factors in both groups, which is probably a confounding
factor. This study was cross-sectional with its intrinsic
limitations; so, the findings of this study should be proved
in future studies with more detailed information about the
exposure to noise.

Conclusions

The results of this study showed that hearing loss after
exposure to impact/impulse noise is probably more frequent
and more severe than exposure to continuous noise, but
the pattern of hearing loss is similar in both types of noise
exposure.
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