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RESUMO

Introdução: O ruído é um agente nocivo à audição sendo

frequente nos ambientes urbanos e laborativos. Dentre as

estruturas do sistema auditivo, as células ciliadas externas são

as primeiras a serem lesadas e as emissões otoacústicas iden-

tificam mínimas alterações cocleares.

Objetivo: Analisar alterações cocleares com as otoemissões

acústicas evocadas transientes em indivíduos expostos ao risco

combinado: ruído e produtos químicos.

Método: Participaram da pesquisa 49 trabalhadores de uma

empresa de cimento, com idade entre 19 e 49 anos, tempo de

exposição de no mínimo dois anos e limiares auditivos nor-

mais. Foi realizadas anamnese e emissões otoacústicas antes

e pós-atividade laborativa. Os resultados do exame foram re-

lacionados com as variáveis: tempo de exposição ao ruído,

idade, exposição a produtos químicos e hábitos sonoros. Os

testes estatísticos utilizados foram: T de Student, qui-quadra-

do de Pearson e Exato Fisher e caracteriza-se por um estudo

clínico prospectivo.

Resultados: Na primeira testagem houve presença de emis-

sões em todos os trabalhadores, a média de amplitude de

10,22 dBSPL na orelha direita e 9,48 dBSPL na orelha esquer-

da. Na segunda testagem houve uma variação de 0,69 dBSPL

na orelha esquerda e 0,42 dBSPL na orelha direita, sendo que

79,6% dos indivíduos tiveram presença de emissões bilateral-

mente e 20,4% ausência em pelo menos uma orelha. Ao analisar

a relação entre variação de emissões com as variáveis, não se

observou dado estatisticamente significante.

Conclusão: As emissões otoacústicas na saúde do trabalha-

dor buscam prevenir o dano ao sistema auditivo através das

alterações cocleares.

Palavras-chave: ruído ocupacional, serviços de saúde do

trabalhador, testes auditivos.

SUMMARY

Introduction: The noise is a harmful agent to the hearing,

being frequent in urban and work environments. Among the

structures of the hearing system, the outer hair cells are the first

to be injured, and otoacoustic emissions identify minimal

cochlear alterations.

Objective: Analyze cochlear alterations with otoacoustic

emissions transient evoked in individuals exposed to combined

risk: noise and chemical products.

Method: 49 workers of a cement company participated of the

research, aged between 19 and 49 years old, exposure time of

at least two years and normal hearing thresholds. Was

performed an anamnesis and otoacoustic emissions before

and post work activity. The results of the exam were related

with the variable: time of exposure to the noise, age, exposure

to chemical products and sound habits. The statistical tests

used were: T of Student, chi-squared Pearson test and Fisher’s

exact test and is characterized by a prospective clinical study.

Results: At the first testing, had presence of emissions in all

of the workers. The average of amplitude is of 10,22 dBSPL in

the right ear and 9,48 dBSPL in the left ear. In the second

testing there were a variation of 0,69 dBSPL in the lef ear and

0,42 dBSPL in the right ear, of which 79,6% of individuals had

presence of emission bilaterally and 20,4% absence in at least

one ear. Analyzing the relation between variations of emissions

with the variable was not observed statistically significant data.

Conclusion: The otoacoustic emissions in the workers health

search to prevent the damage to the hearing system through

cochlear changings.

Keywords: occupational noise, health worker services, hearing

tests.
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INTRODUCTION

Long ago, the noise is considered a harmful agent to

human health, which is increasingly common in both urban

environments and on work activities. It is known that

hearing loss caused by occupational noise are irreversible,

such as the noise-induced hearing loss (NIHL).

NIHL is a gradual decrease in hearing due to

exposure to high sound pressure level. It is an irreversible

pathology, and predominantly cochlear sensorineural.

Gradually develops more quickly in a period of 6 to 10

years. After that time its progress becomes slower, tending

to stabilize. The frequencies most affected are acute, and

if exposure is eliminated, the progression of hearing loss

also ceases (1).

In addition to implications of hearing, NIHL also

cause extra hearing, as well as psychosocial changes

characterized by isolation, stress, sleeping difficulty,

decreased self-esteem, depression, as well as neurological

disorders, vestibular, digestive, cardiovascular and hormonal

(2) . Therefore, early intervention in workers exposed to

noise.

One way of preventive action is the audiometric

monitoring that can be done by hearing evaluation (pure

tone audiometry, speech and impedance). In addition to

these basic tests, with the advent of otoacoustic emissions

(OAE) is it possible to identify injuries even before the

hearing loss to be installed.

The application of the EOA, which is an objective

test, it also serves to aid in the differential diagnosis of

sensorineural hearing loss, and allows the identification of

minimal functional changes in the auditory system. OAE

responses are specific frequencies at which hair cells

(OHC) are normal or near normal, which allows to investigate

simultaneously different parts of the cochlea (3). Thus, it

is believed that the present otoacoustic emissions may be

related to the integrity of the OHC (4).

In patients exposed to high sound pressure level,

the OAE may be affected even before the appearance of

subjective symptoms and signs of audiometric, showing

the aggression of the OHC, a fact that reveals the EOA as

an important complementary test (5.6).

Thinking about these aspects, was carried out a

study of 30 subjects, with normal hearing thresholds in the

business of weaving. All workers were using ear protection

and were exposed to noise that alternated between 80 and

90 dB SPL. The methodology comprised pure tone

audiometry and transient evoked otoacoustic emissions

(TEOAE) in a soundproof booth, before and after exposure

to high sound pressure level for 5 hours. In the analysis of

TEOAE results. There was a significant decrease in

reproducibility in all frequencies in right and left ear after

noise exposure (5).

In order to check correlation between temporary

hearing threshold shift, variations in the amplitude of OAE

responses and susceptibility to noise-induced hearing loss

has been used in research, audiometry and OAE tests.

Study participants were divided into two groups of workers:

one with normal hearing and another with a diagnosis of

NIHL. All examinations were performed before and after

exposure to a noise of 105 dB HL, for ten minutes in each

ear, through headphones in a soundproof booth. In the

TEOAE, the variations of the amplitude of response were

less than 1 dB, and the variations by frequency band, less

than 3 dB. There was no significant difference between

right and left ears (7).

A comparative study was performed to confirm the

effectiveness of otoacoustic emissions in order to correlate

the pure tone audiometry in the evaluation of cochlear

from noise. We selected 32 male workers of a metal

factory. Audiometry and TEOAE before and after working

hours, but was not seen significant change in audiometry.

As for the TEOAE showed significant reduction after

exposure to noise, with the average value of 1.2 ± 1.1 dB.

It was concluded that OAE are sensitive in evaluating the

cochlea after noise exposure (8).

A population that is exposed to high sound pressure

level are the workers of the cement production, the object

of our study. Besides the noise, are also exposed to another

agent: the vibration, which can have a negative impact on

hearing health. The concomitant exposure, noise and

vibration can aggravate the effects on hearing and change

the physical well-being and mental health. Thus, the

objective of this study is to analyze the responses of

transient evoked otoacoustic emissions in subjects exposed

to occupational noise.

METHOD

This study was an epidemiological cross-sectional

design and was approved by the Ethics Committee and

approved with the number-CAAE 3601.0.000.107-10

(Annex).

The sample consisted of 49 subjects with normal

hearing for a company in the business of producing

cement. The study included workers male and female, but

most of the population studied is male, since it is almost the

total population that acts in the segment. Workers who
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participated in the study were exposed to a noise level

above 85 dB SPL and were using ear protection. Also had

a history of occupational noise exposure of at least two

years on a journey of 8 hours daily.

The audiometric tests were provided by the health

service and the company we selected, only the audiograms

showed that thresholds compatible with the normal range

in both ears. The examinations were performed on a single

service for a speech therapist, always with the same

audiometer.

After the selection of subjects at random, they were

asked to fill out a medical history that was developed by

the researchers. The clinical history had the purpose of

obtaining information about the time of exposure to noise,

use of hearing protection, tinnitus and information about

health in general.

Next was the examination of TEOAE before the work

day with a sound rest of 14 hours. The testing was performed

in the company within a soundproof booth, which followed

the standards of ANSI. This fact ensured that the background

noise does not interfere with testing. The equipment was a

manual EOAE OTOPORT LITE, OPL serial number 09101991,

manufactured by Otodynamics LTD. As a parameter, the

TEOAE equipment in question, produces non-linear click as

a stimulus presented at an intensity of 84 dB PK to assess the

half-octave bands centered on frequencies 1.0, 1.5, 2.0, 3, 0

and 4 kHz. 260 clicks were used with a maximum testing

time of 300 seconds. The criteria used are based on the

configuration parameters contained in the equipment ma-

nual of the manufacturer’s .

In a third step of the research was conducted

repeated TEOAE after working 8 hours daily. The testing

was conducted in a single day, and the post-TEOAE

journey performed within 15 minutes after the close of

working activity. The worker was asked to return the room

that held the first test, after the working day for the second

day of testing with TEOAEs.

The classification and interpretation of results were

made in accordance with worsening, improvement or

maintenance of TEOAE amplitude, comparing tests

performed before and after exposure to noise.

After completion of the evaluation was created a

database with the Statistical Package for the Social Sciences

(SPSS, version 17.0) for statistical analysis. To characterize

the population was used descriptive statistics (mean,

median, standard deviation, maximum and minimum) and

to assess the relationship between the independent variables

(age, exposure to chemicals, and exposure time to noise,

sound habits and tinnitus) was performed Student t tests,

chi-squared Pearson tests and Fisher’s Exact test. Were

considered statistically significant p values   less than or

equal to 0.05.

RESULTS

The workers had an average age of 31.2 years and

exposure to occupational noise ranged from 02 to 28 years,

and 42.85% of workers were exposed to high sound

pressure level for a period of 02 to 05 years.

With respect to the chemical, only 13 reported

exposure to some agent and 30 workers reported not

performing any activity that involves exposure to high

sound pressure level. As to tinnitus, 44 (89.8%) workers did

not complain and only five (10.2%) reported it, and this

type of whistle or hiss.

As to the evaluation of TEOAE, all workers in the first

presence of TEOAE testing, which is characterized, as

described in Table 1.

In the second test, among the 49 workers involved

in the study, 09 of them had absence of TEOAE in the right

ear and five in the left ear, as can be seen in Table 2.

In the analysis of the second testing, 39 (70.6%) had

TEOAE in both ears, 04 (8.2%) had no two-sided and 06

(12.2%) in only one ear, so 10 subjects involved in this

study had no TEOAE in at least one ear

Considering the average amplitude of the right ear

of 10.22 dB in the first test and 9.80 dB in the second test,

it is possible to observe greater variation in the overall

amplitude in the left ear as shown in Table 3.

Correlating the dependent variable (TEOAE) with

Table 1. Distribution of the characteristics of OAE amplitude
in right and left ears in the first testing.

Overall amplitude of EOAT OD (dB) OE (dB)

Minimum 10,22 9,48
Maximum 23,00 19,80
Average 4,20 1,90
Standard deviation 3,61 3,98

Table 2. Distribution of workers according to the presence
and absence of TEOAE in the right and left ears (n = 49).

EOAT OD OE

Presence 40 (81,64%) 44 (89,8%)
Absence 9 (18,36%) 5 (10,2%)

Total 49 (100%) 49 (100%)
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the independent did not observe statistically significant

values.

DISCUSSION

As described in the results, the population surveyed

was submitted to the achievement of otoacoustic emissions

in two stages; first testing it on 100% of the workers had a

presence of TEOAE. In contrast, the literature reports that

there are cases of lack of response to TEOAE even in

individuals with normal hearing thresholds (5, 6, 7, 8, 9,

10,11).

In the first test, before the workday, the result of

overall TEOAE response levels, the right ear was 23 dB

[AC1] of 4.2 dB maximum amplitude and minimal. In the

left ear, the maximum amplitude was 19.80 dB and a

minimum of 1.90 dB which showed greater maximum

amplitude in the right ear. These data corroborate studies

that also reported increased amplitude in the right ear

(6.10). This can be described by believing that the

spontaneous OAE may influence the responses of TEOAEs

in the right ear, as though it is usually bilateral, presenting

himself unilaterally, are more frequent in the right ear as

shown in other studies (12,13).

It is noteworthy that the overall average of the

amplitudes of the right ear (10.22 dB) and left (9.48 dB)

showed no statistically significant difference could also be

observed in several studies (5, 7, 11, 14, 15).

When comparing the responses of TEOAE, the first

and second testing found a prevalence of larger amplitudes

of TEOAE responses before the workday, and in the right

ear, 97.5% responded better in the first test, and the left ear

were 88.6%. Thus the overall amplitude was often better

in the first test and worse in the second test after exposure

to noise, but can also be observed in the literature (5, 6, 7,

8, 9, 10, 11).

In TEOAE analysis showed that 40% did not have

bilateral and unilateral 60%. On the other hand found no

Fiorini predominantly bilateral in 48.7% of cases and only

20% of unilateral absence (11).

Of those who showed no response in at least one

ear, nine (18.36%) failed in the right ear and five (10.2%)

in the left ear after noise exposure. Fiorini also reported a

higher prevalence of absence of TEOAE to the right ear in

noise-exposed workers (11), however, Souza found a

major gap in the left ear TEOAE (6).

With regard to the cochlear reproducibility, we

analyzed the variation of the average overall amplitude

between the first and second test, with 0.42 dB to 0.69 dB

right ear and left ear. This fact can also be observed in a

study in which researchers found variations in the overall

response amplitudes with values less than 1 dB (7).

However, the literature showed that there was significant

reduction in TEOAE level after exposure to noise, with

values greater than 1 dB (8). Another study reported values

above 1.7 dB (5).

Of all the workers who showed no response in at

least one ear, none of them mentioned the difficulty in

hearing. This suggests that even after the noise exposure,

the workers did not show noticeable symptoms hearing. In

literature, it was observed that the absence of TEOAE

suggests initial injury of outer hair cells, so the symptom is

often noticeable, but already shows changes of the basilar

membrane and this can be identified early through the

TEOAE (16) .

The 10 workers who had no response in at least one

ear had a mean age of 35.3 years and duration of noise

exposure of 7.8 years. However, there was no statistically

significant difference between exposure time, age,

exposure to chemical and no emissions.

Of the 49 workers surveyed, only five (10.2%)

reported tinnitus, and there was no statistically significant

difference between tinnitus and no emissions. In contrast,

in the literature, there is a high prevalence of tinnitus in the

population exposed to occupational noise (17, 18).

CONCLUSION

The comparative analysis of the overall TEOAE

response levels before and after the working activity was

observed:

• Increased amplitude variation in the left ear (0.69 dB)

over the right ear (0.42 dB);

• There were better answers before the occupational

activity: the right ear in 97.5% and 88.6% in the left ear.

• Both the first and second testing the right ear had an

higher maximum amplitude in the left ear.

Regarding the analysis of the responses obtained in

TEOAE testing:

Table 3. Change in average overall TEOAE response levels in
dB in the right and left ears.

EOAT OD (dB) OE(dB)

First testing 10,22 9,48
Second testing 9,80 8,79
Rate 0,42 0,69
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• 20.4% of workers presented TEOAE absent in at least

one ear. Of these, 100% used hearing protection in

companies before and currently use, 50% work with

chemicals, only 10% practice extra-occupational activity

with high sound pressure level and none of them

reported difficulty in hearing.

Given the findings obtained showed that the TEOAE

test in fact is an instrument that enables the monitoring of

changes in OHC function, even in individuals with hearing

thresholds within normal limits. However the analysis of

the results showed that there was no statistically significant

data regarding these criteria: age, exposure time, exposure

to chemicals and non-occupational activity with high sound

pressure level.
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Annex.

STATEMENT OF INFORMED CONSENT

The Sr (a). are being asked (a) to participate, which

is called “otoacoustic emissions as a Tool for Health

Surveillance in Labor”

The objective of this study is to analyze through the

cochlear transient evoked otoacoustic emissions in subjects

exposed to the combined risk, noise and chemicals.

If accepted to participate as a subject of research,

(a) Mr () will undergo an interview and answer the exam

of transient otoacoustic emissions.

There is no direct medical benefit to the subject of

this study. However the results of this study may help

researchers determine if the noise causes minimal changes

in the cochlea (inner ear) of the population exposed to

occupational noise. There are no medical risks or discomforts

associated with this project.

Participants in this study did not undergo any

invasive procedures. The otoacoustic emissions test it is a

painless test, fast (about five minutes to be performed).

The test does not bring any kind of trauma or injury. A

probe is inserted in each ear separately, and then sounds

will be issued (small whistles). One recommendation is that

the research participant to remain quiet during testing.

Because it is an objective test, the participant need

not respond to testing, and the result is provided by the

equipment. The examination will be conducted in two

phases, before the working activity, acoustic rest of at least

14 hours and after working hours. After first testing the

research participant to follow their normal daily work

function without any restriction. Will be asked to return at

the end of the working activity to perform the test again

(OAE). Next will be released and given the outcome of the

examinations.

It is clear that their participation is voluntary and is

not required to respond to interview or take the exam,

even if you have signed the consent for participation. You

may want to withdraw your consent at any time and it will

do no harm to your care.

The researchers do not pay any cash value or any

other property for their participation, as well as Mr. (a) will

have no additional cost. Your data will be kept confidential.

Will be analyzed together with other patients and will not

be disclosed to any patient data alone. The (a) Mr (s) can

answer your questions throughout the research with

researchers at the Federal University of Sergipe Luana

Araujo dos Santos (88011391) Any and Caroline Aragon, or

the Senior Teacher Ms. Priscila Oliveira (9131.2569) . The

researchers agree to use the data collected only for the

purposes intended, or research.

I think I was sufficiently informed (a) about the

information that I have read or been read by me, describing

the research entitled “otoacoustic emissions as a Tool for

Health Surveillance in Labour”

I discussed with the speech therapists Luana Araujo

dos Santos and Any Caroline Aragon about my decision to

participate. Became clear to me which are the purposes of

the study, the procedures to be performed, their discomforts

and risks, guarantees of confidentiality and permanent

clarification. It became clear that my participation is free of

charge. I voluntarily agree to participate in this study and

I may withdraw my consent at any time before or during

the same without penalty or loss, or loss of any benefit I

may have acquired, or in my care in this service.

____________________________________

Patient’s name

_____________________________ ____ / ____ / ______

Patient’s signature Date

_____________________________ ____ / ____ / ______

Witness Signature Date

I declare that I got properly and the voluntary consent of

the patient to participate in this study.

____________________________ ____ / ____ / ______

Signature of the study date
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