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SUMMARY

RESUMO

Introduction: Otoacoustic emissions can be an alternative for
cochlear evaluation in noise induced hearing loss (NIHL).
Objective: To investigate the correlation between the findings
of audiometry results and distortion product otoacoustic
emissions (DPOAE) in the military police.
Method: from cross-sectional and retrospective study, 200
military police officers were submitted to audiological
evaluation - pure tone audiometry and DPOAE.
Results: considering the provisions of Ordinance 19 of the
Labour Department, the results were suggestive of induced
hearing loss by high sound pressure levels in 58 individuals,
distributed as follows: 28 (48.3%) bilateral cases and 30 (51.7%)
unilateral cases, and 15 (25.85%) in each ear. The correlation
between the audiometric and DPOAE showed statistical
significance in most of the frequencies tested in both ears,
confirming that the greater the degree of hearing loss, the smaller
the DPOAE amplitudes. In addition, there was observed
significant difference between the DPOAEs amplitudes of
normal subjects and listeners with hearing loss, confirming
the lowering of responses in the group with hearing loss.
Conclusion: considering that the correlation between pure
tone audiometry and DPOAE, we conclude that otoacoustic
emissions can be a complementary tool for the detection and
control of NIHL in military police.
Keywords: evaluation, audiometry, police, military personnel.

Introdução: As emissões otoacústicas podem ser uma alternativa para avaliação coclear na perda auditiva induzida por
ruído (PAIR).
Objetivo: verificar a correlação entre os achados da
audiometria tonal e os resultados das emissões otoacústicas
produto de distorção (EOAPD) em policiais militares.
Método: a partir de estudo transversal e retrospectivo, 200
policiais militares foram submetidos à avaliação audiológica
- audiometria tonal liminar e EOAPD.
Resultados: considerando o disposto na Portaria 19 do Ministério do Trabalho, os resultados foram sugestivos de perda
auditiva induzida por níveis de pressão sonora elevados em
58 indivíduos, distribuídos da seguinte forma: 28 (48,3%) casos
bilaterais e 30 (51,7%) casos unilaterais, sendo 15 (25,85%) em
cada orelha. A análise de correlação entre a audiometria e as
EOAPD, demonstrou significância estatística na maior parte
das frequências testadas, em ambas as orelhas, confirmando
que quanto maior o grau de perda auditiva, menor a amplitude das EOAPD. Além disso, foi observada existência de
diferença significativa das amplitudes das EOAPD entre indivíduos normo ouvintes e portadores de perda auditiva, confirmando o rebaixamento das respostas no grupo com perda
da audição.
Conclusão: considerando que houve correlação entre a
audiometria e o teste de EOAPD, concluímos que as emissões
otoacústicas podem ser uma ferramenta complementar, para
a detecção e controle de PAIR em policias militares.
Palavras-chave: avaliação, audiometria, polícia, militares.
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Distortion product otoacoustic emissions
(DPOAEs) enable a more reliable and objective evaluation
of cochlear conditions (10), because this approach is
based on obtaining auditory potential in the cochlear
region in response to acoustic stimuli, which provides
responses with greater reliability.

INTRODUCTION
Noise at a sound pressure level of over 85 dB is
considered hazardous to health, especially in the case of
periodic exposure and a prolonged daily exposure time.
Activities that include such levels of noise are thus
considered unhealthy, and it is necessary to develop
responsible attitudes to eliminate or neutralize such
health risks. Noise impact is characterized by variations
in the sound pressure level or sound spectrum, which
shows acoustic energy peaks lasting for less than one
second and intervals that last for more than one second
(1).

In a comparative study of the amplitudes of
DPOAEs in 12 individuals with normal hearing and 29
patients with sensorineural hearing loss (of mild and
moderate degree), it was observed that the higher the
hearing loss, the lower the amplitude of DPOAEs (11).
A previous study (12), on 31 patients with NIHL,
confirmed a significant correlation between DPOAE and
pure-tone audiometry through audiological evaluation.
The frequency specificity of this study demonstrated
the use of DPOAEs as an additional tool in the diagnosis
of NIHL.

Military is one of the sectors where workers are
subjected to high noise levels particularly in the case of
training with firearms (2). According to the 2007 census
on the Brazilian Ministry of Justice (3), the number of
professionals that work in state organs of public security
(police officers, civilian police, and military firefighters)
is 599.973. Of this number, 68% (407.981) corresponds
to military police.

In another study (13), researchers collected data
on pure-tone audiometry and DPOAEs and calculated
the index of DPOAE abnormality to test the hypothesis
that the reduction in the DPOAE amplitude is related to
the vulnerability to noise exposure. The authors
concluded that in individuals with audiometry within the
normal range, vulnerability to noise exposure can be
verified using DPOAE and that this test may be valuable
for assessing and monitoring the hearing health of
workers.

Noise-induced hearing loss (NIHL) is characterized
by a change in hearing thresholds as sensorineural,
symmetrical, irreversible, and progressive hearing loss.
NIHL initially affects the human hearing sensitivity in the
frequency range of 3–6 kHz, where the threshold for 8
kHz must be better than the worst threshold (3, 4, or 6
kHz) (4). The results of some studies on NIHL slightly
differed classic literature on NIHL, whereas were found
asymmetric hearing loss and/or unilateral configurations
(5, 6). The authors of these studies attributed this
divergence to the influence of the location of the sound
source (5, 6, 7).

In order to evaluate the DPOAE as a method for
the diagnosis of initial pathophysiological changes with
noise exposure, it was realized an assessment on two
groups of workers, one of which is exposed to
occupational noise while the other is, all with pure-tone
audiometry in the normal range. The estimated risk with
the absence of a DPOAE response was 12 times greater
for the group exposed to occupational noise at 3, 4, and
6 kHz than for the group not exposed to noise. This
finding reinforces the importance of DPOAE as a method
for early diagnosis of NIHL because exposure to
occupational noise causes changes in DPOAE, even for
pure-tone audiometry classified as normal (14).

In a study on 97 Brazilian military personnel, NIHL
was diagnosed in 38.1% of the cases. Furthermore, it was
observed that the left ear had a higher percentage of
hearing loss than the right ear (8).
Pure-tone audiometry is the most commonly
used method for NIHL diagnosis, although according to
the literature, initial lesions to the auditory system are
not immediately detected by pure-tone audiometry and
a definitive diagnosis is established only when the
damage is already irreversible (9).

Another study on DPOAE for workers exposed to
noise showed that this population showed prevalence of
hearing loss at high frequencies and that this prevalence
evolves with the decreasing amplitude of the distortion
product and the increase in the frequency spectrum.
The authors of that study found an inverse correlation
between DPOAE and pure-tone audiometry at all the
tested frequencies (15).

Therefore, the use of alternative methods for
the detection of hearing loss induced from high
sound pressure exposure is of great importance,
because the interpretation of the results obtained by
pure-tone audiometry can influence the lives of
professionals.

From the DPOAE data of subjects with
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Research Committee (Protocol No. 2762/2007). The
officers voluntarily participated in the audiological
evaluation. All the officers were within the proposed age
group and showed no pathophysiological changes in the
external ear and/or middle ear. Police officers are
equipped with personal protective equipment (PPE),
according to NR 620 of Decree 3214/78 (1). Relevant to
our study is the use of headphones (ear muffs) that have
the certificate of approval (CA) by the Labor and
Employment Ministry. Before the experiment, we
thoroughly studied information on pure-tone audiometry
(PTA) and DPOAE testing.

sensorineural hearing loss caused by occupational noise
exposure, we observed that DPOAE responses were
present when the hearing thresholds were within 30 dB
HL. Therefore, the audiometric threshold and the number
of frequencies affected are both inversely proportional
to the amplitudes of the DPOAE response. Hence, the
DPOAE is an efficient method for monitoring clinical
hearing loss in conjunction with pure-tone audiometry
(16).
A recent study conducted on workers exposed to
noise and pesticides has shown that even for individuals
who had audiometric thresholds within the normal range, there was significant damage in the DPOAE results
as compared to those of the control group (no exposure
to unhealthy agents) (17).

We performed the air and bone conduction test
(20) employing pure-tone audiometry, for which we
used the GSI 61 Grason–Stadler audiometer within a
soundproof booth. The pure-tone audiometry results
were classified according to Ordinance No. 19 (21).

Within this line of research, other authors conducted
a study on 32 workers exposed to noise and 18 subjects
not exposed to noise and concluded that DPOAEs are
more sensitive than audiometry in detecting damage in
the inner ear and can, therefore, play an important role
in tracking and monitoring workers exposed to noise
(18).

The DPOAE was obtained by simultaneously
presenting two pure tones, f1 and f2. These pure tones,
called primary frequencies, have a ratio of 1.22. In this
study, we used the equivalent response to 2f1-f2, and
the intensity ratio was L1 = 65 dB and L2 = 55 dB SPL
(sound pressure level). There were considered for
analysis frequencies (f2) of 1, 2, 3, 4 and 6 kHz. The
analysis criteria were based on the results of a study on
the clinical application of DPOAEs for individuals with
NIHL (22).

In a bibliographic review of otoacoustic emissions
and differential diagnosis of NIHL, the authors emphasize
the importance of this test for the early diagnosis of
hearing loss. In addition, the work asserts that DPOAEs
are more sensitive than the TEOAEs for the evaluation
of hearing loss in workers, because NIHL initially affects
the high frequency range while TEOAEs capture
frequencies up to 4 kHz (19).

METHOD

The DPOAE evaluation was conducted in a
soundproof booth with the device Eclipse EP - 25
Interacoustics. The following analyses were performed
from the results obtained:
• Research for possible asymmetries between the right
and left ears (n = 200) through the Wilcoxon test of
signed stations;
• The Spearman correlation analysis for determining
the correlation between the results of pure-tone
audiometry and DPOAE (n = 200);
• Comparison between DPOAE amplitudes (frequencies
(f2) of 3, 4, and 6 kHz) of two groups: normal
listeners (chosen randomly among the subjects, 86
ears) and individuals with hearing loss (these included
considered only individuals with bilateral and unilateral hearing loss; a total of 86 ears) through the
analysis of variance and the Kruskal-Wallis test.

The present study evaluated 200 military police
personnel in the state of São Paulo, among which 169
(84.5%) were male and 31 (15.5%) were females, all
aged between 25 and 45 years (mean age of 38.83 ±
5.05) and with an average service time of 16.80 ± 6.27
years. Of these, 189 were right-handed and 11, lefthanded. This study was approved by the Ethics on

The research results (pure-tone audiometry and
DPOAE) were recorded in decibels (dB) in a logarithmic
and not a linear scale. The statistical tests conducted
were for nonparametric measures. In all the cases above,
the level of significance was 5% (p <0.05) and the
confidence interval was constructed with 95% statistical
confidence.

As explained above, the DPOAE is a highly
effective tool for the study of NIHL, and the scarcity of
studies employing this method for the military police
department highlights the need for greater attention
from researchers on this topic. The purpose of this study
was to assess the correlation between the findings of
pure-tone audiometry and the DPOAE results. This
study also involved the comparison between the DPOAE
amplitudes for normal-hearing individuals and police
officers with hearing loss.
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The results listed in Tables 3 and 4 demonstrate
that statistical significance was observed in most of the
frequencies analyzed bilaterally, confirming that the
higher the degree of hearing loss, the lower the amplitude of DPOAEs.

RESULTS
The results of pure-tone audiometry indicated an
increase in the average threshold from the frequency of
3 kHz, and the comparison between the two sides of
ears showed a worsening of audiometric thresholds for
the left side for most of the frequencies tested, as
indicated by the statistical significance at the frequencies
of 2 and 3 kHz (Table 1).

For the frequencies (f2) of 3, 4, and 6 kHz, we
observed significant differences between the DPOAE
amplitudes for the normal-hearing and hearing-loss groups
(Table 5).

Among the 200 police officers evaluated, 142 had
audiometric thresholds within the normal range (up to
25 dB HL); further, in accordance with the provisions of
Ordinance No. 19 of the Labor Ministry (23) the results
for 58 subjects were suggestive of NIHL, distributed as
follows: 28 (48.3%) bilateral cases and 30 (51.7%)
unilateral cases, 15 (25.85%) for each ear.

DISCUSSION
We studied a group of military personnel, which
showed peculiar noise exposure characteristics, mainly
owing to the use of firearms and the presence of sirens.
We believe that the scope of our study is large in Brazil;
according to the Brazilian Ministry of Justice Ministry
(3), the number of military individuals over various
state departments comes close to 600.000 (military
police, civilian police, and firefighters).

The DPOAE results showed a reduction in the
response amplitude from the 3 kHz frequency (f2).
Further, from the comparison between the two sides, a
worsening of audiometric thresholds was observed for
the left side for most of the frequencies tested, indicated
by the statistical significance at 3 kHz (table2).

The results of this study showed peculiar
audiological characteristics in the audiometric evaluation;

Table 1. Analysis of the results of pure-tone audiometry,
considering the mean and standard deviation of hearing
thresholds (dB HL) and a comparison between the right and
left ears - Wilcoxon Signed stations test.
Frequency (Hz)
Right Ear
Left Ear
P value
500
7,05±6,42
6,28±6,59
0,022*
1000
7,60±6,74
7,33±7,14
0,290
2000
6,33±7,97
7,55±8,98
0,018*
3000
13,35±13,02 15,17±13,93
0,009*
4000
16,78±16,59 18,65±17,17
0,062
6000
18,47±16,78 20,52±17,07
0,090
8000
17,13±16,59 16,50±16,98
0,259

Table 2. Analysis of the results of distortion product otoacoustic
emission (f2), considering the mean and standard deviation
(SPL) and a comparison between the right and left ears Wilcoxon Signed stations test.
Frequency (Hz)
Right Ear
Left ear
p-value
1000
4,92±6,66
4,71±7,12
0,649
2000
6,92±7,22
6,20±7,67
0,070
3000
-0,09±8,62
-1,47±8,47
0,002*
4000
-0,58±11,74
-0,95±10,72
0,248
6000
-10,66±11,43 -12,0±10,15
0,068
SPL – sound pressure level
* Significant difference at p < 0.05

HL – Hearing Level
* Significant difference at p < 0.05

Table 3. Spearman correlation analysis between variables at pure-tone audiometry frequencies of 2, 3, 4, and
6 kHz and DPOAE frequencies (f2) of 2, 3, 4, and 6 kHz, for the right ear.
Right Ear
DPOAEs f2
2 kHz
3 kHz
4 kHz
6 kHz
AudiometricThreshold
2 kHz
p<0,001*
p<0,001*
p<0,001*
p=0,011*
3 kHz
p<0,001*
p<0,001*
p<0,001*
p<0,001*
4 kHz
p=0,003*
p<0,001*
p<0,001*
p<0,001*
6 kHz
p=0,103
p<0,001*
p<0,001*
p<0,001*
* Significance at p<0,05
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Table 4. Spearman correlation analysis between variables at pure-tone audiometry frequencies of 2, 3, 4, and
6 kHz and DPOAE frequencies (f2) of 2, 3, 4, and 6 kHz, for the left ear.
Left Ear
DPOAE f2
2 kHz
3 kHz
4 kHz
6 kHz
AudiometricThreshold
2 kHz
p=0,001*
p<0,001*
p=0,006*
p=0,002*
3 kHz
p<0,001*
p<0,001*
p<0,001*
p<0,001*
4 kHz
p=0,011*
p<0,001*
p<0,001*
p<0,001*
6 kHz
p=0,876
p<0,001*
p<0,001*
p<0,001*
* Significance at p<0,05

Table 5. Analysis of DPOAE amplitudes, considering average
and standard deviation (SPL), for normal-hearing and hearingloss groups (n = 86 ears for each group).
DPOAE
Normal Hearing
Hearing Loss
p- value
3 kHz
3,31±5,68
-8,48±9,06 p<0,001*
4 kHz
4,37±6,68
-12,23±12,62 p<0,001*
6 kHz
-6,39±8,51
-20,68±8,28 p<0,001*

in 51.7% of the cases of hearing impairment, the
hearing loss was unilateral and there was no prevalence
between the right and left sides. The classification of
the loss was done using Ordinance No. 19 (21).
However, quantitative analysis, which was
considered the means of frequency (500 Hz to 8 kHz)
results of pure tone audiometry were observed an
asymmetry, with statistical significance, between the
values at 500 Hz, with higher values for the right ear.
Higher values were identified for the left ear at 2 and
3 kHz. The data presented reinforce the hypothesis
that although NIHL has a classic profile as a symmetric,
bilateral hearing loss (4), other factors such as the
location of the sound source should be considered
when analyzing the results (5, 6).

SPL – sound pressure level
* Significant difference at p < 0.05

susceptibility to high frequencies was also observed by
other researchers (13, 15). Another relevant study
reported that noise exposure increases the absence of
DPOAEs in these frequencies (14).

It is relevant to note that during a shot camp
training with a 12 gauge shotgun (2), we observed that
a right-handed police officer´s neck tends to lean to the
right in search of a better position to target. This
movement minimizes the exposure of the right ear and
increases the exposure of the left ear to noise. This may
be one factor that contributes to a worsening of the
high-frequency thresholds for the left ear.

The correlation between the mean frequencies
for pure tone audiometry and mean amplitudes of the
frequencies for otoacoustic emissions distributed on
Tables 3 and 4 showed strong statistical significance
between these variables. Therefore, we determined
that the higher the threshold observed in pure-tone
audiometry, the lower the amplitude of the DPOAEs.

The DPOAE findings also confirmed the
asymmetry between the sides; there was a decrease in
the amplitudes for the left ear at 3 kHz in relation to the
other side, as confirmed by the statistical significance.

In the present study a significant difference was
also observed among the DPOAE amplitudes of
individuals with normal hearing and of those with
hearing loss, thus confirming the lowering of the
response amplitude for the hearing-loss group. This
finding is in agreement with the comparative literature
(11, 15).

The prevalence of unilateral hearing loss in
military population has been reported previously (8,
13), because this population is exposed to varying
levels of noise and because the amount of noise to
which each ear is exposed varies with the use of
firearms and the type of service provided (6, 16).

It is also important to consider that other
researchers have reported otoacoustic emissions show
greater sensitivity in comparison with pure-tone
audiometry (17, 18) and that low amplitudes of
DPOAEs are reported to pose a higher risk of hearing
loss (10).

From the analysis of the DPOAE responses
obtained, we determined that the high frequencies (3–
8 kHz) showed the lowest amplitude. A greater
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inner-ear damage from impulse noise with
otoacoustic emissions. J Acoust Soc Am. 2009,
125(2):995-1013.

CONCLUSION
Considering the exposed, we found a significant
correlation between the results of pure-tone audiometry
and DPOAEs. Our results demonstrate that DPOAEs can
be a complementary tool for the detection and control
of NIHL in military police.
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