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Abstract Introduction Noise-induced hearing loss (NIHL) is a serious problem for workers and
therefore for businesses. The hearing conservation program (HCP) is a set of coordinat-
ed measures to prevent the development or evolution of occupational hearing loss,
which involves a continuous and dynamic process of implementation of hearing
conservation routines through anticipation, recognition, evaluation, and subsequent
control of the occurrence of existing environmental risks or of those that may existin the
workplace and lead to workers’ hearing damage.

Objective The aim of this study was to evaluate the effectiveness of the HCP in
preventing further hearing loss in workers with audiograms suggestive of NIHL. The
audiometric tests and medical records of 28 furniture company workers exposed to
noise were reviewed and monitored for 2 years.

Methods This retrospective, cross-sectional study examined five audiometric tests in
the medical records (on admission and every semester) of 28 workers in a furniture
company (totaling 140 audiometric exams) following the introduction of the HCP.
Results Data analysis showed no differences between the audiometric tests con-
ducted on admission and those performed every semester.

Conclusions The HCP implemented was effective in preventing the worsening of
hearing loss in workers already with NIHL when exposed to occupational noise.
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Preventing the Evolution of Hearing Loss

Introduction

Hearing loss may be caused by high-intensity noise. Acoustic
trauma and noise-induced hearing loss (NIHL) are examples
of this type of loss. Factors such as the intensity and frequency
of the sound, severe or chronic exposure, as well as associa-
tion with other risk factors, such as ototoxic medication,
vibration, systemic diseases or a natural tendency, can lead
to NIHL. Exposure to noise at levels higher than 90 dB for
more than 6 hours a day is considered harmful to the cochlea.
Noise above 80 dB is considered risky.*?

In NIHL, hearing damage is not restricted to hair cells
(sensory variety). Furthermore, when combined with bio-
chemical and mechanical disturbances, neuronal loss may
eventually occur. Hearing loss is clinically diagnosed as a
notch (sudden hearing loss) at 3 or 4 kHz, with recovery at
8 kHz, which might increase if exposure continues until all
frequencies are involved. In the early stages, the threshold of
the acoustic or stapes reflex varies within a range of 0.5 to
4 kHz (around 90 dB) and gradually reduces while the loss
increases (known as recruitment). According to this logic, a
time will come at which no reflection can be produced.?

It is estimated that among the population of exposed
workers, 25% have NIHL to a certain degree.3‘5 There are
no reliable up-to-date data on the prevalence of NIHL in
Brazil, despite it being one of the most common health
disorders among the working class and considering that it
is mandatory to report its occurrence. It is vital to obtain
reliable audiometric thresholds in the admission exam or in
the reference exam. This is because the criteria that charac-
terize the onset or worsening of hearing loss induced by noise
arise from its comparison with the thresholds recorded
during periodic or admission exams.®

Due to the incidence of NIHL, professionals in the occupa-
tional health and safety areas have been growing more
concerned about prevention through the implementation
of a hearing conservation program (HCP). The HCP is a set
of coordinated measures to prevent the development or the
progression of occupational hearing loss. It is a continuous
and dynamic process of implementation of routines in com-
panies. Wherever there is arisk to the hearing of the worker, it
is necessary to implement the HCP. It is a program included in
Brazilian Regulatory Standard NR-9, aiming at: “preserving
workers' health and integrity, through the anticipation, rec-
ognition, assessment and subsequent control of the occur-
rence of existing environmental risks or of risks which might
exist in the workplace.” (P29

Annex I of Brazilian Regulatory Standard NR-7 sets out the
guidelines and minimum parameters for the evaluation and
monitoring of hearing in workers exposed to high levels of
sound pressure. In addition, it stipulates the subsidies for the
adoption of hearing health preservation programs for work-
ers, including the parameters for carrying out and interpret-
ing audiometric tests. NR-7 also defines the ability to work,
suggesting that NIHL by itself does not indicate unfitness to
work and that many factors must be considered, chief among
them being the demand on the worker’s hearing in a particu-
lar role.’?
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The aim of this study was to evaluate the effectiveness of
the HCP in not increasing hearing loss in workers with
audiograms suggesting NIHL. Over a period of 2 years, the
assessment of the medical records and hearing tests of 28
furniture company workers were monitored.

Materials and Methods

Research Methodology

This study was submitted for approval to a research ethics
committee because it is a retrospective analysis of medical
records and audiometry.

A retrospective, descriptive, cross-sectional study with
analysis of medical records and audiometry on admission
and every semester, following the introduction of a hearing
conservation program, was conducted. The aim was to find
workers who presented hearing loss compatible with NIHL,
its graduation, and its progression.

Data for this research were collected by researchers at the
Occupational Medicine Clinic (Clinica de Medicina do Tra-
balho) in the state of Santa Catarina, Brazil. This study
included the medical records of 28 employees, who under-
went five audiometric exams each, totaling 140 analyzed
tests.

Sample Description

The corresponding age group of workers was 17 to 73 years.
Among the medical records of the individuals evaluated, 24
were male and 4 were female.

Inclusion Criteria

The study sampled the medical records of workers who
presented hearing loss consistent with NIHL registering a
notch at3 and 4 kHz, with varying degrees of intensity. Values
were registered during admission or semester examinations,
which were performed after the introduction of the com-
pany’s HCP.

Exclusion Criteria

The medical records of workers without hearing loss compat-
ible with NIHL were excluded, as were those that presented
data in their clinical history and physical examination that
could contribute to hearing loss, such as chronic systemic
diseases, use of ototoxic drugs, noise exposure, and not using
hearing protection equipment.

Company Profile

The furniture company is divided physically and departmen-
tally into the areas of machining, assembly, polishing, pro-
duction, work yard, packing, boiler, office, preparation, and
maintenance, all of which are exposed to a noise level of 85 dB
or more.

The Audiometric Tests

The tests were performed using an Interacoustics AD 28
(Assens, Denmark) mobile audiometry device, which was
taken to the industries under evaluation. All hearing tests
were performed by the same speech therapist. The hearing



assessment covered the frequencies: 250, 500, 1,000, 2,000,
3,000, 4,000, 6,000, and 8,000 Hz, to obtain the tonal hearing
thresholds bilaterally.

The pure tone air conduction audiometric test was used
and utilized headphones in a soundproof booth after a 24-
hour auditory rest period. Patients were asked to remove any
personal object that could hinder the passage of sound
through the ear under examination. Meatoscopy of the ear
was also performed to check for the presence of any impedi-
ment in the external auditory canal.

The hearing tests were divided into four groups according
to their NIHL by Goodman classification.” The group consid-
ered normal presented hearing ranges between 0 and 25 dB.
Patients who showed mild alteration in hearing demonstrat-
ed ranges between 26 and 40 dB. Those classified with
moderate hearing alteration gave values in the range 41 to
55 dB. Finally, the group considered to have severe hearing
alteration had auditory ranges greater than 55 dB.

The Hearing Conservation Program

An HCP was developed and introduced due to interest from
the company, following the insight of occupational medicine
into the cases of NIHL and owing to the intention to include
new workers with hearing impairment through the admis-
sion audiogram.

The following elements were performed in this program:
(1) recognition and evaluation of risks to hearing; (2) planning
and execution of audiometric management; (3) collective
protection measures; (4) personal protective measures; (5)
continuing education and motivation; (6) data management
and program evaluation (which are part of this study).>®

Risk Agents Maps, Environmental and Noise Assessments,
the Program for Medical Control of Occupational Health

Table 1 Evolution of the Hearing Conservation Program
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(PCMSO in Brazil) and Environmental Risk Prevention Pro-
gram (PPRA in Brazil) were used. In addition, work produc-
tion processes were observed on the grounds that they might
alter the risks to which workers are exposed. The auditory
profiles of workers were described by age and length of
service, hearing monitoring, sound pressure levels in the
workplace, and the measures taken to control noise.

From planning to implementation, the HCP lasted
8 months, when we take the start time to be the collection
of the workers’ medical records (~Table 1).

The audiometric tests were repeated every 6 months as part
of the HCP, to identify new hearing loss in workers with normal
tests and improvement of the hearing loss in workers with NIHL.
The audiometrics records of the workers since the implementa-
tion of the HCP were reviewed in a 2-year follow-up.

Results

Out of the 100 medical records and hearing tests examined,
28 workers' medical records presented hearing loss compati-
ble with NIHL. Of those, 19 had mild hearing loss, 3 demon-
strated moderate hearing loss, and 6 registered severe
hearing loss.

There were 24 male workers and 4 female workers. A total
of 64.3% of the workers were aged from 20 to 35 years old.

The audiometric tests of workers with hearing losses were
separated according to the individuals’ labor sectors, which
comprised production, maintenance, assembly, work yard,
cleaning, office, packaging, preparation, machining, and
polishing.

From the 19 workers who presented a mild NIHL rating, 6
worked in the preparation sector, 1 in assembly, 2 in machin-
ing, 8 in polishing, 1 in the work yard, and 1 in the

Elements of the program

-2 mo 3-4 mo 5-6 mo 7-8 mo

PPRA

Environmental assessment

Noise assessment

Plotting of Risk Agents Map

XX | X|X|=

Collective measures for noise control

Plotting of Risk Agents Map

>

Availability of ear protectors

Control of usage of ear protectors

Guidance on protection of hearing

PCMSO

X | X | X[ X]| X
>
>

Execution of audiometric tests

Referrals to ENT

Administrative actions and notification of workplace accident

X | X | X]| X

Abbreviations: ENT, ear, nose, and throat; PCMSO, Program for Medical Control of Occupational Health; PPRA, Environmental Risk Prevention

Program.

International Archives of Otorhinolaryngology ~ Vol. 20 No. 1/2016

45



46

Preventing the Evolution of Hearing Loss

maintenance. Only 1 worker presented alteration in the se-
quence audiogram, with loss varying from mild to normal in
the audiograms performed after 12, 18, and 24 months. This
worker operated in the polishing sector. There is no statistically
significant difference among the sample (~Table 2).

Of the 3 workers who had NIHL with a moderate rating, the
first worked in the polishing sector, the second in machining,
and the last in assembly. There were no changes in the
sequence audiograms of those workers (=Table 2).

Among the 6 workers who had NIHL with a severe rating,
2 worked in the assembly sector, 2 worked in preparation, 1
in machining, and 1 in the cleaning area. There was no
alteration in the intensity of hearing loss in the audiograms
up to 24 months after the implementation of the HCP
(=Table 2).

Fonseca et al.

Discussion

From the analysis of the results of the hearing tests con-
ducted, one notices that there are no meaningful changes in
the audiometric levels of the intensity of the hearing loss
in employees with NIHL after the implementation of the
HCP in the company. This highlights the success of the
program in stabilizing the hearing loss in workers with
NIHL. This fact was not observed by Gongalves and Iguti,
who analyzed the HCPs in four metallurgical companies in
Piracicaba, Sao Paulo state. Even with the HCP, there was an
increase in the intensity of NIHL.?

Even before the implementation of the HCP, the
manufacturing firm where the study was performed was
already compliant with Regulatory Standard NR-6 (Safety

Table 2 Results of the evolution of the hearing loss after the installation of the hearing conservation program

Subject no. | Sex | Work sector | Initial 6-mo 12-mo 18-mo audiometric | 24-mo
audiometric | audiometric | audiometric | hearing loss result | audiometric
hearing loss | hearing hearing loss hearing loss result
result loss result result

1" M Polishing Mild* Mild* Normal* Normal* Normal®

2 M Assembly Mild Mild Mild Mild Mild

3 M Preparation Mild Mild Mild Mild Mild

4 F Work yard Mild Mild Mild Mild Mild

5 M Polishing Mild Mild Mild Mild Mild

6 M Polishing Mild Mild Mild Mild Mild

7 M Machining Mild Mild Mild Mild Mild

8 M Preparation Mild Mild Mild Mild Mild

9 M Maintenance | Mild Mild Mild Mild Mild

10 M Polishing Mild Mild Mild Mild Mild

11 M Polishing Mild Mild Mild Mild Mild

12 F Machining Mild Mild Mild Mild Mild

13 F Polishing Mild Mild Mild Mild Mild

14 M Polishing Mild Mild Mild Mild Mild

15 M Preparation Mild Mild Mild Mild Mild

16 M Preparation Mild Mild Mild Mild Mild

17 F Preparation Mild Mild Mild Mild Mild

18 M Polishing Mild Mild Mild Mild Mild

19 M Preparation Mild Mild Mild Mild Mild

20 M Polishing Moderate Moderate Moderate Moderate Moderate

21 M Machining Moderate Moderate Moderate Moderate Moderate

22 M Assembly Moderate Moderate Moderate Moderate Moderate

23 M Preparation Severe Severe Severe Severe Severe

24 M Assembly Severe Severe Severe Severe Severe

25 M Cleaning Severe Severe Severe Severe Severe

26 M Assembly Severe Severe Severe Severe Severe

27 M Machining Severe Severe Severe Severe Severe

28 M Preparation Severe Severe Severe Severe Severe
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and Occupational Medicine) regarding the use of PPE (per-
sonal protective equipment)® which according to NR-6 is “a
device or product for the personal use of the worker for
protection from susceptible risks threatening health and
safety at work”®P1)°

At the firm, the workers of the various sectors already
mentioned are exposed to risky noises during work, which
makes it extremely important to ensure the mandatory use of
PPE, a factor that has certainly determined low-level changes
in hearing.

The variation in the magnitude of NIHL found between the
groups may be related to the total working lifetime exposure
to noise, a fact that was not possible to assess in this study
because it involved a medical records review in which that
information was not included. The literature considers the
hearing loss caused by noise to reach its maximum level of
injury in the first 10 to 15 years of exposure to noise.>

Regarding the PCMSO and the PPRA of the company
studied, these were already in place when the HCP was
implemented. However, they were reviewed in the first
4 months, and additional measures were taken to reduce
environmental noise and vibrations, such as the use of noise-
reducing air nozzles, which benefit jobs collectively. The
company has chosen to adopt hearing protection, which
should be considered as a palliative but not preventive
measure and not definitive in hearing preservation. There
was no calculation of the noise dose that each worker
receives on a given working day, making it impossible to
make a comparison with the officially recommended expo-
sure limits.

The fact that there was a worker with alternating audio-
metric thresholds classified as mild NIHL for an audiometry
considered normal should be considered an isolated factor
and statistical analysis should not be applied in this case. Such
fluctuations in audiometry may have been due to lack of
compliance with the preexamination hearing rest period or
factors intrinsic to the specific worker.

Preventing the Evolution of Hearing Loss Fonseca et al.

Conclusion

The HCP implemented was effective in preventing the pro-
gression of hearing loss in workers already suffering from
NIHL when exposed to occupational noise. In this way, such
action can be useful for the inclusion of workers with hearing
loss in job sectors exposed to noise.
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