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ABSTRACT

Background: Objective of current study to analyse the utility of TEOAEs and DPOAEs to detect cochlear damage
due to chronic exposure to firearm noise in Indian military personnel at a preclinical stage. Military personnel are
exposed to firearm noise and need to be assessed for cochlear damage periodically.

Methods: This cross sectional study was conducted from May 2004 to Apr 2005. Indian army soldiers and general
civilian population were included in the study. The TEOAE and DPOAE parameters of two control groups (civilians,
no noise exposure, no HL: control group 1; soldiers, noise exposed, hearing loss: Control group 2) were compared
with the study group (soldiers, noise exposure, no hearing loss: Study group).

Results: TEOAE amplitudes of the study group varied significantly from those of both the control groups at almost
all frequencies. Overall amplitude too followed a similar trend. However, although the DPOAE amplitude of the
study group was less than that of control group 1, the difference was not significant. The DPOAE amplitude of study
group varied significantly from control group 2.

Conclusions: TEOAEs proved to be useful to distinguish between green ears and ears chronically exposed to impulse
noise with and without hearing loss. But DPOAES proved to be useful in distinguishing only between normal hearing
from hearing loss ears.
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INTRODUCTION

Excessive noise is one of the most common causes of
hearing loss- from military, industrial and recreational
sources. According to the World Health Organization
(WHO), about 16% of hearing loss worldwide is
attributable to occupational noise exposure. Military
personnel, especially those in combat arms are
particularly vulnerable to noise induced hearing loss
(NIHL) as a result of routine exposure to firearms and
heavy machinery noise (e.g. tanks, heavy vehicles,
aircraft etc.)."> WHO recommends that impulse noise
must not exceed 140dB. For military personnel, hearing

protection is recommended since the weapons currently
in use clearly exceed the damage risk criteria for impulse
noise.> An automatic gun produces noise levels of 174
dB, 105-mm howitzers produce 194 dB, field cannons
produce 188dB, antitank guns produce 185dB and small
arms produce more than 150dB sound. Hearing
Protection Devices (HPDs) attenuate localization cues
and provide a sound attenuation of only about 50dB and
make the commands and instructions inaudible.*’
Unilateral hearing protection when using hand held
weapons has been demonstrated to be sufficient to
substantially reduce risk of impulse noise induced
hearing loss.
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About 15% of Finnish conscripts have been reported to
suffer from hearing impairment during their compulsory
military service.” In a 2011 study, 55.8% Belgian military
personnel were reported to be suffering from hearing loss
attributable to weapon noise exposure.! In 2006, hearing
loss was the most prevalent disability attributable to
military service in the US. More than $1.6 billion was
spent on rehabilitation of such personnel during that
year.* Hearing loss in military personnel has serious
implications for both the personnel and the government.
The personnel suffering from NIHL are rendered unfit for
regular military duties. The government has to
rehabilitate these personnel and also foot pension bills.
Pure tone audiometry can detect hearing loss only after it
has occurred. Thus, a screening strategy aimed at
detecting cochlear impairment at a preclinical stage is
desirable.

Otoacoustic emissions (OAES) are an attractive tool for
use as a screening procedure because they are objective,
can be carried out in a few minutes and the results are
reproducible.® Distortion product otoacoustic emissions
(DPOAEs) can measure cochlear function at higher
frequencies than transient evoked otoacoustic emission
(TEOAES).**® On the other hand, TEOAEs have been
proven to be an objective tool to screen adults for
NIHL.' It has been reported that since the DPOAES are
present at greater audiometric thresholds, TEOAES may
be preferable for screening purposes, whereas DPOAES
may be more valuable for monitoring cochlear changes
clinically. DPOAE amplitudes have been shown to be
reduced after firing practice.’®**®* TEOAEs and
DPOAEs, therefore, complement each other.

OAE amplitudes have been observed to be lower in noise
exposed subjects with normal hearing thresholds than the
non-exposed normal hearing subjects.***® A study on
Brazilian military personnel reported poorer TEOAE
parameters in noise exposed normal hearing subjects vis-
a-vis non exposed normal hearing subjects. However, the
study was silent on the impact on DPOAEs.'” DPOAEs
have been observed to decrease in noise exposed
individuals with normal audiograms at the community
level. However, DPOAEs have still not been proven to be
reliable for individual follow up.*®

The current study aims to analyse the utility of TEOAES
and DPOAEs to detect cochlear damage due to chronic
exposure to firearm noise in Indian military personnel at
a preclinical stage and hence warn about an impending
hearing handicap in a vulnerable population.

METHODS

This cohort study was carried out in the department of
ENT and Head and Neck Surgery of the author’s institute
from May 2004 to Apr 2005. The subjects included in the
study (civilians as well as Army personnel) were selected
from among the patients attending the ENT out-patient
department and individuals working in the institute. All

participants were informed about the purpose of the study
and were assured of complete confidentiality of the
results. Informed written consent was taken from all
subjects prior to taking the observations. All the subjects
were male below 35 years of age to minimize the
confounding effect of presbyacusis. Among military
personnel, only soldiers and officers of the Indian Army
were included in the study. Personnel of the Indian
Airforce, Indian Navy and paramilitary forces were not
included. The military personnel were included
irrespective of their job profile and the branch of the
army to which they belonged since all army personnel
receive firearm training. The regularity of training varies
according to job profile and branch. The civilians
subjects were included in the study only if they had no
history of hearing loss or history of routine exposure to
impulse or machinery noise.

All the chosen subjects were then subjected to detailed
history taking and examination, particularly of the ears.
At this stage, subjects having any otological abnormality
were excluded from the study. The subjects then
underwent pure tone audiometry in the sound attenuated
room in the audiology unit of ENT out-patient
department. Frequencies assessed included 0.25, 0.5, 1, 2,
3, 4 and 6 kHz. Subjects having audiometric thresholds
above 25dB at any of the assessed frequencies were
classified as having hearing loss. At this stage, subjects
with conductive or mixed hearing loss were excluded
from the study. All civilians having sensorineural hearing
loss were also excluded from the study. The civilians
finally included in the study after pure tone audiometry
formed the Control Group 1. The military personnel
having sensorineural hearing loss (SNHL) were excluded
if the hearing loss was likely to be of causes other than
noise exposure. Subjects with acute acoustic trauma were
also excluded from the study. The remaining military
personnel with hearing loss were included in Control
Group 2. The military personnel with more than three
years military service and having hearing thresholds
below 25 dB at all tested frequencies, defined as normal
hearing, formed the Study Group. By these criteria, only
control group 2 had hearing loss. The data for all the
subjects was recorded on a proforma designed for the
study. The data was recorded as per response of each ear.
If one ear of a military personnel had SNHL and the other
had normal hearing, then the ear with SNHL was
included in Control Group 2, whereas the normal hearing
ear was included in the Study Group. In case of civilian
subjects, the ear with hearing loss was excluded from the
study, whereas the other ear was included in Control
Group 1.

The subjects finally included in the three groups were
subjected to diagnostic TEOAEs and DPOAEs using ILO
292 DP Echoport instrument supplied by Otodynamics
Ltd. U.K. using the ILO version 5 software, in a sound
attenuated room after ensuring that the patient’s ear is
free of wax, debris or discharge and the tympanic
membrane is intact. The TEOAE parameters assessed
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included response at five equal frequency bands centred
at 1, 1.5, 2, 3 and 4 kHz expressed as Sound to Noise
Ratio (SNR), overall TEOAE amplitude and TEOAE
spectrum range calculated as the difference between the
first and the last TEOAE peak. A standard nonlinear
biphasic click stimulus of 1ms duration at 84dB peak and
with a band width ranging from 500Hz to 6000Hz was
applied at an interval of 20ms. The stimulus was Noise
rejection did not exceed 50dB. The accumulated
responses were then automatically tested for signal
validity by checking for non-linearity and reproducibility.
No definite criteria for acceptable level of reproducibility
was laid down. The final results were then displayed as
waveforms and frequency spectrum. TEOAE level more
than or equal to 3dB at each frequency, reproducibility
more than or equal to 65dB and overall TEOAE level
more than or equal to 6dB were considered normal.

The DPOAEs were measured by simultaneously
presenting two frequencies f1 and f2 at the default
frequency ratio 1:1.22 and an equal amplitude of 70dB.
The resultant DPOAEs at a frequency of 2f2-f1 were
recorded corresponding to 2 frequencies of 1, 2, 3,4 & 6
kHz relative to the noise floor or SNR.

The data for all three groups was compiled on excel
worksheets and was analyzed using GraphPad InStat 3
software. Since many recorded parameters did not show
normal distribution, the Mann Whitney U test was used to
test for significance between means. The means of the
results of study group were compared with those of both
the control groups to analyze for significant differences.

RESULTS

A total of 75 subjects (150 ears) were tested. Out of
these, 114 ears belonged to Indian Army personnel. Each
of the three groups included 50 ears each. Forty percent
subjects in control group 1 were between and 20 to 25
years of age. Subjects of study group and control group 2
belonged to higher age group. Only two subjects below
20 years of age were included in the study (Table 1).

Table 1: Age distribution.

No. of ears (%)
Study Control  Control
group groupl group?2
(n=50) (n=50) (n=50)
<20 0 (0%) 2 (4%) 0 (0%)
20-25 6 (12%) 20 (40%) 10 (20%)
26-30 24 (48%) 14 (28%) 18 (36%)
31-35 20 (40%) 14 (28%) 22 (44%)

Age
group
(years)

Most of the ears in the study group had 6-10 year history
of noise exposure, whereas most of the subjects in control
group 2 had more than 15 years of noise exposure. As per
inclusion criteria, subjects of control group 1 had no
history of regular noise exposure (Table 2).

Table 2: Duration of noise exposure.

No. of ears (%
Study Control
group group 2

Duration of
exposure

i) (n=50)  (n=50)
<5 14 (28%) 6 (12%)
6-10 22 (44%) 14 (28%)
11-15 14 (28%) 6 (12%)
>15 0(0%) 24 (48%)

Among the soldiers of the Indian Army included in the
study, 7 (14 ears) had a history of firearm noise exposure
below three years. They were included in control group 1.
Thirty six subjects in this group were civilians. The exact
quantum of noise exposure of the soldiers could not be
assessed because of the variety of weapons used by each
soldier at different times in their careers and their job
profile. All the individuals gave a history of using hand
held weapons like rifles, pistols, light machine guns,
carbines etc. in both the noise exposed groups. Two
individuals each from study group and control group 2.

None of the subjects gave a history of hearing loss. In
control group 2, hearing loss was detected clinically in 12
ears. In the rest, hearing loss was detected on pure tone
audiometry (Table 6). All subjects in this group had
bilateral sensorineural hearing loss. But 10 subjects had
asymmetrical hearing loss.

TEOAE results

TEOAE level (Table 3, Table 7): The mean TEOAE level
at all measured frequencies was significantly more in the
control group 1 in comparison with the study group
except at 3 kHz. In contrast, the mean TEOAE level of
the study group was significantly more than that of
control group 2 in all frequencies except at 1 and 3 kHz.
Similar trends were observed for overall TEOAE level.

Spectrum range (Table 3 and 4): There was no significant
difference in the TEAOE spectrum range results for study
group and control group 1. However, the mean spectrum
of the study group was significantly greater than the
control group 2. Also, the TEOAE spectrum was wide in
only 8 ears in control group 2 compared with 33 for study

group.
DPOAE results

Responses at all frequencies (Table 5): There was no
significant difference between DPOAE amplitudes of
study group and control group 1 at any frequency.
DPOAE amplitude of control group 2 was significantly
less than study group in only three out of five measured
frequencies.
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Table 3: TEOAE results.

Control group 1  Study group Control group 2  Significance Significance
TEOAE parameters (Meantstandard (Meantstandard (Meanzstandard (Control groupl: (Control group
deviation) (dB) deviation) (dB) deviation) (dB) Study group) 2: Study group)
1 kHz 8.3915.66 4.54+5.38 3.51+4.80 0.0025 0.3662
1.5 kHz 11.67+6.61 9.546.67 5.9545.92 0.0364 0.0094
2 kHz 10.42+5.81 8.46+7.06 4.37+4.77 0.0284 0.0018
3 kHz 6.83+5.05 5.546.20 3.49+4.37 0.2057 0.1172
4 kHz 6.44+5.54 3.96+5.34 1.73+3.51 0.0085 0.0427
Overall TEOAE level 9.53+4.90 6.92+5.54 5.17+4.11 0.0297 0.0942
FLP 3.52+0.92 3.30+1.17 2.42+0.96 0.4091 <0.0001
Spectrum 2.61+0.94 2.37+1.17 1.32+1.03 0.2355 <0.0001

Table 4: Spectrum range.

No. of ears (%0

Wide (>2 kHz)  Narrow (<2 kHz) No response
Control group 1 35 (70%) 15 (30%) 0
Study group 33 (66%) 16 (32%) 1 (2%)
Control group 2 8 (16%) 34 (68%) 8 (16%)

Table 5: DPOAE results.

DPOAE Controlgroup 1 Study group Control group 2  Significance Significance
frequency (Mgan_istandard (Me_an_istandard (Me_an_istandard (Control groupl: (Control group
deviation) (dB deviation) (dB deviation) (dB :

1 kHz 9.36+4.09 7.1745.34 5.71+6.68 0.0926 0.3362
2 kHz 10.15+4.63 8.47+5.71 6.57+7.65 0.2525 0.1903
3 kHz 10.20+3.53 9.42+6.88 6.49+7.01 0.9313 0.0093
4 kHz 9.56+4.65 8.45+7.47 3.98+6.48 0.9231 0.0002
6 kHz 5.65+7.51 6.23+8.66 -2.3249.34 0.4608 <0.0001

significant difference in mean FLP and mean spectrum

Table 6: Degree of hearing loss in control group 2.
range between the two groups. The mean TEOAE levels

. No. of of the study group, on the other hand, were significantly
DEER G maEiting [ess ears (%0) higher than those of control group 2 at 1.5, 2 and 4 kHz.
Mild 7 (14%) The difference between mean overall TEOAE amplitude
Moderate 20 (40%) was marginally significant. However, spectrum range was
Moderately severe 23 (46%) significantly higher in the study group. The results for

DPOAE were quite different. There was no significant
difference between the mean DPOAE amplitudes of
study group and control group 1 at any of the tested
frequencies. But the DPOAE amplitudes of almost all
frequencies of control group 2 were significantly less
than those of study group.

Table 7: No. of ears with overall TEOAE level >6dB.

~>6dB No. of
ears (%)

Control group 1 39 (78%)
Study group 30 (602/0) There were very few subjects below 20 years of age. A
Control group 2. 20 (40%) minimum of 3 years service was kept as a selection

criterion in the current study. The upper age limit was
kept 35 years to minimize the confounding effect of
presbyacusis. Most of the subjects were 26-35 years of

DISCUSSION

The current study shows that the mean TEOAE levels of
the study group were less than control group 1 at all
frequencies except at 3 kHz. The mean overall TEOAE
amplitude was also reduced. However, there was no

age. Only male subjects were included in the study
because the number of women in the Indian armed forces
is very low and the sample size may not have been
representative. Most of the ears in the study group had a
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6-10 year history of noise exposure whereas, most of
those in control group 2 had more than 15 years of
exposure. Incidence and severity of hearing loss has been
shown to increase with age and number of years of
military service and hence, noise exposure.! On PTA
testing, all subjects in control group 2, except ten, had
bilaterally symmetrical sensorineural hearing loss. This
was probably because apart from impulse noise from
small arms, subjects were exposed to noise from other
sources too. In the military personnel routinely using only
small arms, laterality of hearing loss depends on head
position during firing.® Most of the subjects had moderate
to moderately severe hearing loss. They were
asymptomatic probably because in most of them only
higher frequencies were involved.

Mean TEOAE amplitude of study group is less than that
of corresponding frequencies of control group 1 at all
except one frequency, and more than those of control
group 2 at three out of five tested frequencies. TEOAE
amplitudes at 4 kHz were the lowest. As a drawback of
TEOAEs, frequencies higher than 4 kHz could not be
tested. The overall TEOAE amplitude was also reduced
in the study group compared to control group 1 and
higher than control group 2. These results are similar to
earlier studies on noise exposed subjects.**?° Soldiers too
have been reported to have lower amplitudes even though
hearing thresholds might be normal.”*# The presence of
TEOAEs in NIHL ears can be considered to indicate
hearing better than 20dB HL at the corresponding
frequency (Attias et al., 1995).%°

On further analysis of TEOAE response, spectrum range
did not vary significantly between study group and
control group 1, but was significantly less in control
group 2 than the study group. Most of the ears in study
group and control group 1 had a wide spectrum range
(66% and 70% respectively). However, in control group
2, the hearing loss group, most of the ears had a narrow
spectrum range (68%). These results were along expected
lines in ears with impaired hearing but not in ears
exposed ears with normal hearing. This trend was
observed in previous studies.""** Variations of TEOAE
amplitudes are the most commonly used parameter to
screen ears with hearing loss. Spectrum range provides
additional information about cochlear impairment and
may be significant only if there is greater damage than in
normal hearing ears. Hence, TEOAES have proven to be
useful to screen ears susceptible to development of NIHL
in the current study.

Mean DPOAE responses of study group were not
significantly different from control group 1 at any
frequency. However, those of control group 2 are
significantly less than study group at all except one
measured frequency. Previous studies have demonstrated
the utility of DPOAEs in detecting early cochlear damage
unlike the current study.’®?*?® Balatsouras also
demonstrated efficacy of DPOAEs in detecting cochlear
damage in subjects with NIHL beyond the frequencies

suggested as abnormal by PTA.?” The DPOAE results
were unexpected with regard to normal hearing ears with
and without hearing loss. Even so, similar results have
also been reported previously, where TEOAEs have been
observed to be more sensitive to preclinical NIHL than
DPOAEs.? In a review article too, Marshall et al. have
suggested that TEOAEs might be superior to DPOAES in
detecting subclinical NIHL.* Though not significant, the
mean DPOAE amplitude of study group was lower than
that of control group 1 at all frequencies except 6 kHz.
These results must not be rejected outright. The reasons
for such results are complex. TEOAEs have been
classified as reflection-source OAEs, whereas DPOAES
are distortion-source OAEs.*

Since the reflection-source and distortion-source OAES
have different origins, the same cochlear pathology might
differently impact the two types. It has been suggested
that reflection-source OAEs like TEOAEs might be the
OAEs of choice for certain pathologies like NIHL owing
to their greater sensitivity to changes in amplication.™
This might be the reason for greater sensitivity of
TEOAEsS in the current study as well. The DPOAE results
might be useful to screen ears with hearing loss but not
ears susceptible to NIHL.

CONCLUSION

The study reveals that TEOAEs might be useful in
distinguishing between green ears and ears chronically
exposed to impulse noise with and without hearing loss.
DPOAEs did not prove useful in distinguishing between
green ears and chronically impulse noise exposed normal
hearing ears. However, they proved efficient in
distinguishing normal hearing from hearing loss ears.
Thus, though OAEs show promise as screening tool for
early cochlear damage in the armed forces, conclusive
evidence for the most appropriate OAE for the purpose is
still evasive. The otoacoustic emissions are a step closer
to the ideal test for hearing in that they are highly
repeateable and sensitive to minor cochlear damage.*
Further research is also needed to accurately distinguish
soldiers who need regular monitoring for noise induced
cochlear damage. Such research needs a larger sample
size and must distinguish between the predominant noise
sources the soldier is exposed to during his military
service.
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