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ABSTRACT

Introduction: noise-induced sensorineural hearing loss is the consequence of multifactorial damage to the
auditory structures, which is why the need for this work arose.

Objective: to characterize hearing disorders due to exposure to industrial noise in generator set operators
in Pinar del Rio in the period 2021-2023.

Method: a longitudinal, prospective, descriptive and observational study was carried out, which was validated
using theoretical, empirical and statistical methods.

Results: a universe of (n-65) and a sample of (n-26) workers, with a predominance of the age group between
41 and 50 years, detecting 26 cases with hearing loss for 40 % of the total workers exposed to noise, with a
predominance of the male sex for 100 %, the hearing impaired detected are directly exposed to noise with an
intensity measured between 93 and 95 decibels. Mild hearing loss was present in 50 % of the affected (n-13).
The use of individual protection equipment against the harmful effects of noise was deficient; it was found
that only 26,92 % of the workers used them (n-7).

Conclusions: all the generator sets were identified as sources of high noise emissions with measured levels
higher than the internationally established values. Regarding the characteristics of the audiometric curves,
there was a predominance of mild and moderate hearing loss, and the partial existence of the protective
equipment was found, as well as their poor use by the workers.

Keywords: Neurosensory Hearing Loss; Industrial Noise; Audiometry.
RESUMEN

Introduccioén: la hipoacusia neurosensorial inducida por ruidos es la consecuencia del dafo multifactorial a
las estructuras auditivas, por lo que surgio la necesidad del presente trabajo.

Objetivo: caracterizar las alteraciones auditivas por exposicion al ruido industrial en operarios de grupos
electrégenos en Pinar del Rio en el periodo 2021-2023.

Método: se realizd un estudio longitudinal, prospectivo, descriptivo y observacional el cual se valido mediante
los métodos tedricos, empiricos y estadisticos.

Resultados: un universo de (n-65) y una muestra de (n-26) trabajadores, predominando el grupo etareo entre
41y 50 afos, detectandose 26 casos con hipoacusia para un 40 % del total de trabajadores expuestos a ruidos,
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predominando el sexo masculino para un 100 %, los hipoacUsicos detectados estan expuestos directamente al
ruido con una intensidad medida entre 93 y 95 decibeles. La intensidad ligera de la hipoacusia estuvo presente
en el 50 % de los afectados (n-13). La utilizacion de los medios de proteccion individual contra la accion
nociva del ruido fue deficiente, se pudo comprobar que solo el 26,92 % de los operarios los utilizan (n-7).
Conclusiones: todos los grupos electrogenos fueron identificados como fuentes de alta emision de ruidos
con niveles medidos superiores a los valores establecidos internacionalmente, en cuanto a las caracteristicas
de las curvas audiométricas hubo un predominio en la de intensidad ligera y moderada de hipoacusia, y se
comprobo la existencia parcial de los medios de proteccion, asi como su pobre uso por los trabajadores.

Palabras claves: Hipoacusia Neurosensorial; Ruido Industrial; Audiometria.

INTRODUCTION

Noise-induced sensorineural hearing loss results from multifactorial damage to auditory structures secondary
to exposure to occupational, environmental, or recreational noise as sources of intense sounds. Noise has
been recognized as a contributing factor to hearing loss, and after rigorous interpretation of collected data,
sophisticated analyses and careful experiments have demonstrated the need for protective measures, standards,
and regulations to protect people against the harmful effects of noise."? Recent research mentions that due
to high noise levels, 75 % of the inhabitants in industrialized cities have some hearing impairment. Yet, there is
a lack of awareness of this problem.® Hearing loss due to occupational noise exposure is a major occupational
health problem. Cases of hearing loss in miners exposed to the noise of hammers on metal have been reported
since the 18th century. An estimated 1,3 billion people have hearing loss due to noise exposure. Occupational
noise is widely responsible for 16 % of people in the adult hearing-impaired environment. This indicates that
noise-induced sensorineural hearing loss is not a cause of premature mortality but substantial disability.®
Although earplugs were patented in 1864, hearing protection devices are mentioned in ancient mythology.
Sensorineural hearing loss was recognized as a medical condition in the United States during the Industrial
Revolution, first called boilermaker’s deafness, as a reference to the hearing loss suffered by workers who built
powerful engines for transportation and production. Historical data in the United States reveals that women
factory workers during the First and Second World Wars suffered devastating health effects, including hearing
loss. 23

Noted physicists and Nobel Prize winners such as Robert Koch predicted in 1910 that man would struggle
mightily against noise one day. After this prediction and long-standing knowledge of the adverse effects of noise
on hearing and extensive research in the modern era, hearing loss remains among the top occupational diseases
in the world. %5

The high exposure to occupational and urban noise in developing nations increases the risk of sensorineural
hearing loss, and limited access to health care and screening tests may leave many cases undiagnosed, in
addition to the lack of programs and legislation to limit noise and the absence of public education measures to
encourage the use of hearing protection. This can be seen in data on the prevalence of occupationally caused
sensorineural hearing loss across nations within the same geographical region. Approximately 16 % of adults
with hearing impairment internationally are attributed to occupational noise. ©7:8

Noise is a negative factor in work environments; it is considered an occupational hazard that should be
minimized as much as possible using appropriate protection. Its harmful effect causes hearing impairment. On
the other hand, it has been reported that regular audiometric controls are carried out on workers to know the
degree of exposure they have in their working environment, then to make the respective recommendations
to the respective professional so that they can take the relevant actions. On the other hand, noise includes
a subjective and an objective component. The former is the perception of the noise by the person, i.e., the
psychosocial component; the latter is the sound pressure levels obtained by measurement in the contaminated
or uncontaminated area.®

The highest permissible level of noise exposure in the workplace recommended by the WHO is 80 dB for a
maximum of 8 hours daily.(1%1"12)

Safe exposure to sound depends on its intensity or volume, as well as its duration and frequency. Exposure
to loud sounds can lead to temporary hearing loss or tinnitus (ringing in the ears). When deafening sounds are
involved, or exposure occurs regularly or prolonged, the inner ear’s sensory cells can be permanently damaged,
resulting in irreversible hearing loss.(

To discuss noise as an aetiological agent, it is essential to differentiate between sound and noise. Sound
is any simple to complex vibration whose intensity exceeds the threshold without causing pain and provides a
pleasant or at least tolerable sensation for any accustomed ear. Complex or straightforward sounds immediately
unpleasant, annoying, or harmful in the long run because of their disharmony or high intensity should be
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classified as noise.

Noise characteristics.
The degree of injury caused by noise depends on its characteristics and the nature of the subject exposed.
The variables concerning noise are:

Frequency

High frequencies are more traumatic than low frequencies, especially those between 2000 to 3000 cycles per
second, causing greater hearing impairment than others. Industrial sounds are composed of a high-frequency
range, but most are high-pitched, as with turbines and other machinery. Noises are not pure tones but sounds
composed of different frequencies. Low frequencies and ground-borne vibrations have been found to make the
receptor organ more susceptible to noise or increase the hearing deficit.(

Intensity

A louder sound will produce more injury than a weaker sound.

Noises below 80 dB do not irreversibly damage the ear, as they can produce temporary threshold shifts that
return to normal. From 90 degrees onwards, the sound becomes traumatic for the cochlea, as the ear has
sufficient protection mechanisms up to these intensities.

Duration
The longer the exposure time of the cochlea to a sound stimulus, the greater the damage.

The noise rhythm

In equal intensity, frequency, and exposure time, discontinuous or intermittent noises are more harmful,
provided the pause without noise is brief. However, if noise exposure is interrupted by sufficiently long silent
recovery times, its tolerance for the total sound energy received is better.(

Noise or noise pollution is sound exceeding the estimated 50 decibels (dB) limit. Any sound above this
limit is considered noise, causes adverse health consequences, and can be classified as a pollutant. In simple
terms, noise is an ‘unwanted sound’ that affects health and well-being. The highest intensity the human
ear can safely tolerate is around 80 db."” Noise pollution has a direct relationship with the expansion and
development of cities. This is because, in cities, there are polluting factors that are the leading cause of health
disorders and damage, such as high population concentration, transport, damaged vehicle exhaust silencers,
fire or ambulance sirens, industrial activities, public or building constructions, commerce, social habits, and
household dynamics. " The highest permissible level of noise exposure in the workplace recommended by the
WHO is 80 dB for a maximum of 8 h per day.?

Many patrons of nightclubs, bars, and sporting events are often exposed to even higher noise levels and
should, therefore, reduce the duration of exposure considerably. For example, exposure to noise levels of
100 dB, which is normal in such places, is only safe for 15 minutes. Governments also have an important role
in protecting people from noise pollution. Enact and enforce stringent legislation on noise from recreational
activities. Raise awareness through public information campaigns of the risks of noise that can cause hearing
lOSS.(1Z’15’16)

International standards for safe listening in entertainment venues and events outline recommendations
to mitigate the risk of hearing loss while maintaining high sound quality and a pleasant experience. The
maximum average sound level should be 100 dB, and sound levels should be constantly monitored and recorded
using calibrated equipment by qualified personnel.

The new standard developed in the framework of the World Health Organisation’s (WHO) ‘Safe Listening’
initiative aims to improve listening practices, especially among young people, using technological advances
and the support of governments, industry, consumers, WHO experts, and civil society. In Cuba, measures have
been developed in line with WHO stipulations, where a policy led by the Ministry of Science and Technological
Innovation and Environment (CITMA) has been established. 12

Today, noise pollution is something we deal with daily. Every day, we receive thousands of sounds of great
magnitude and frequency without perceiving the damage it causes, which can be irreversible. It is recommended
that when the noise source cannot be controlled, it should be moved away or shielded to reduce the risk of
illness. Still, ideally, comprehensive, inter-sectoral, and interdisciplinary action plans that are sustainable and
appropriate to local realities should be developed. "

Some research shows that the prevalence of occupational hearing loss in Latin America is 17 % (>4 and
that the magnitude of hearing damage is directly related to the frequency and intensity of noise exposure,
among other factors. 1

Numerous experimental and epidemiological studies highlight the health effects of noise, with some even
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indicating that Europeans lose up to 1,6 million years of healthy life, taking into account premature deaths and
deterioration in quality of life.(”)

In addition to hearing loss, there is an increased risk of cardiovascular disease, psychological problems,
insomnia, and slower cognitive development in children. The WHO warns of dangers every year with the
intention that governments develop directives to protect public health from noise, which is the second leading
cause of illness due to environmental reasons."-1¢

In our country, due to a severe crisis in the Cuban energy system, a series of measures were taken, including
the widespread introduction of generators throughout the country. Most of this equipment was connected to the
national grid to support the thermoelectric power stations. Although they are a guarantee for the generation
of electrical energy, they also cause a nuisance in society and hurt the environment. Their noise affects both
the environment and the workers who operate them. It is estimated that the sound pressure level generated
by generating sets ranges between 83 and 95 Db at distances of between one and 10 meters, which implies
high-risk health and work hygiene values, mainly if several pieces of equipment are operating simultaneously. "

Considering these aspects, the Generator Set Complex was identified as one of the industrial centers emitting
noise in our province’s municipality of Pinar del Rio. The lack of research on the clinical-epidemiological
characterization of the subject makes it necessary and pertinent to carry out this research. The new knowledge
to be obtained through the clinical-epidemiological characterization of hyperacusis caused by noise pollution
will constitute the theoretical contribution of the study, making it an impact and a novelty. The practical
contribution will be determined by the design and application of intervention actions with a focus on risk to
prevent and control the harmful effects of noise on workers’ health in this noise-emitting industry.

In the municipality of Pinar del Rio, the emission of industrial noise above the established levels has been
detected in the complex of generators in the territory, constituting a health problem. Workers exposed to
industrial noise have not yet been studied and treated for the detection of possible hearing impairments that
they could present, so we propose as an objective to characterize hearing impairments due to exposure to
industrial noise in generator set operators in Pinar del Rio in the period 2021-2023, to develop intervention
actions that contribute to preventing and controlling the problem.

METHOD

A longitudinal, prospective, descriptive, and observational study was carried out on the workers of the
generator set complex in the municipality of Pinar del Rio, a source of noise in the province, from January 2021
to March 2023 to determine the presence and evolution of auditory alterations due to industrial noise.

Definition of the study universe.

The universe consists of the 65 workers at the center above who are directly or indirectly exposed to
industrial noise.

The sample consisted of 26 cases with a diagnosis of hearing impairment linked to exposure to noise and was
selected by non-probabilistic sampling.

The clinical epidemiological method with a risk approach was used to carry out the research. Empirical
methods such as the survey, theoretical methods such as analysis and synthesis, and methodological triangulation
were also necessary.

The information was obtained by means of the empirical survey method after an interview and physical
examination with a questionnaire prepared for this purpose, which made it possible to obtain the data
necessary for the research’s development. The descriptive statistical method was used, using absolute and
relative percentage frequencies, and the tests were carried out with 95 % certainty.

Groups were established according to the degree of hearing impairment obtained by audiometry and
classified by sex, age group, and years of direct or indirect exposure to noise. The data obtained were recorded
in each personal survey, which made it possible to establish the clinical and epidemiological characteristics of
hearing impairment caused by noise and the existence and use of individual means of protection against the
harmful action of noise.

The implementation and effectiveness of the intervention actions designed to prevent and comprehensively
care for hearing disorders caused by industrial noise were verified.

Ethical aspects

This research followed the principles and recommendations adopted by the 18th World Medical Assembly in
Helsinki in 1964 and by the last one ratified in the 41st World Assembly held in Hong Kong in 1991. It complied
with fundamental ethical principles such as respect for persons and their autonomy, beneficence and non-
maleficence, and the principle of justice. For each patient, or failing that, the primary guardian of each
patient who underwent the intervention was given specific explanations until their understanding and informed
consent were obtained. The data obtained were used for strictly scientific purposes and will only be disclosed
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at scientific events.

RESULTS

Hearing loss was present in 40 % of the workers exposed to noise in the generator set complex, with 100 %
of the cases being male because all the workers in the center area of this biological sex (see table 1).

100 % of the workers were directly exposed to the source of the high-intensity noise generated by the
generators for 12 continuous hours at a distance of between one and ten meters. The intensity in decibels was
very high and above the internationally permitted levels, as seen in the same way as the noise exposure time,
as seen in table 2.

Different degrees of hearing loss intensity and the presence of typical noise exposure trauma curves were
detected as shown in the following table and graphs.

The frequency of hyperacusis was high due to the harmful effect of the noise, and the predominance of
the slight intensity of hyperacusis was present in 50 % of those affected, as shown in table 3. Only 26,92 % (7
workers) presented a typical curve of acoustic trauma, as shown in the table, of which 11,53 % corresponded
to slight hyperacusis and 15,38 % to moderate hyperacusis (table 3).

In the cases investigated in the generator sets, there is a direct relationship between noise-induced hearing
loss and the years of noise exposure, as seen in table 4.

50 % of the workers with less than five years of exposure to noise had mild hearing loss because these cases
had been working for fewer years than the others. As the years of exposure increased, the intensity of the
hearing loss increased, as shown in table 4.

As shown in table 4, most cases of hearing loss and vertigo occurred in workers with less than five years of
noise exposure.
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Table 5 shows the relative frequencies of other auditory manifestations that appeared in the workers with
hearing loss due to exposure to the intense noise of the generator sets. Tinnitus appeared in a relative frequency
of 73,07 % in cases with less than five years of noise exposure, and both tinnitus and vertigo occurred entirely
in those with less than five years of noise exposure.

The non-use or improper use of noise protection devices may be directly related to the occurrence and
intensity of sensorineural hearing loss. The use of personal protective equipment against the harmful effects of
noise was deficient; it was found that only 26,92 % of the workers used it, as shown in table 6.

DISCUSSION

This was not due to any law prohibiting women from carrying out this type of work but because none had
requested it.

Recognition of work-related diseases is problematic in countries with workers’ compensation schemes. In
a study conducted between 2010 and 2017, 53,7 % were confirmed to have some occupational disease; among
them, hearing loss (29,4 %) ranked fourth.?"2?

Millions of people have some form of hearing impairment, making hearing loss the fourth leading cause
of disability worldwide. World Health Organisation estimates show that more than 466 million people have
disabling hearing loss, 22 % more than in the previous decade.®”

Other results show frequencies much higher than those obtained in the study in the generator sets in Pinar
del Rio, as stated by Marquez Ibanez and collaborators in their study where state that the relative frequency
of hearing loss cases is lower than other studies that state that noise produces adverse effects on 75 % of the
inhabitants in industrialized cities who have some hearing impairment. However, there is no awareness of this
problem, and Marquez’s work was present in only 46,9 %. @29

The origin of hearing impairment can be diverse, and knowledge of its causes and associated risk factors
is essential for early diagnosis and timely treatment. The incidence and prevalence of hearing loss are
expected to increase significantly in the coming years due to the demographic transition phenomenon being
experienced worldwide. It is essential that the treatment and approach for these patients not only focus on
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aural rehabilitation but also on counseling and education for adherence and good outcomes. @

Research has shown that the cases most affected by noise are men between 50 and 65. Those with the most
damage are those most frequently exposed to machines such as saws, grinders, sanders, motors, turbines, and
looms, and, in general, factory work that generates intense and persistent noise. @62

A study of patients with noise-induced hearing damage found that the greatest likelihood of harm is in
middle age. The mechanisms and structures damaged by noise differ in young adults and older people.?

According to the World Health Organisation (WHO), around 1,5 billion people are living with hearing loss
worldwide, which is estimated to reach 2,5 billion by 2050. The consequences of hearing loss are significant and
numerous and can lead to communication problems, but also to fatigue, anxiety, social isolation, psychological
distress, and depression. Hearing loss is associated with cognitive decline.®282%)

All the cases with hearing loss were directly exposed to noise with a measured intensity between 93 and
95 decibels, measured on three occasions, which is considerably above the internationally accepted figure
since the highest permissible level of noise exposure in the workplace recommended by the World Health
Organisation is 80 dB for a maximum of 8 hours a day. There are a total of twelve generating sets causing
intense noise pollution. Here, it was found that they are continuously exposed to noise for 12 hours, which
exceeds the maximum 8 hours established by CITMA. (2

It is estimated that the generator’s sound pressure level ranges between 83 and 95 Db at distances of
between one and 10 meters, which implies high-risk values for health and work hygiene, especially if we
consider that several pieces of equipment are working simultaneously. 2

Others state that in a work environment, the type of exposure to this physical air pollutant was generally
related to high sound intensities and was regulated by the worker’s exposure for short periods. Subsequent
studies showed that exposure to high noise intensities for brief periods produced health effects, and prolonged
exposures to lower sound intensities had a similar impact. In this way, pathologies identical to those previously
described for the work environment began to be related to people who, although not exposed to high noise
levels, were exposed for a more extended period.?

Noise destroys the hair cells of the organ of Corti. While the average person is born with approximately
16,000 hair cells, as many as 30,50 % may be damaged or destroyed before any appreciable level of hearing
loss is detected. Hearing loss related to inner ear hair cell destruction is not reversible and cannot normally be
restored.®"

This hearing impairment increases with exposure time and can also occur in populations of different ages in
the vicinity of sources of environmental noise pollution. As stated in several publications,®? the consequences
of this hearing loss can sometimes cause a disability that leads to the use of hearing aids and different ear
surgeries to compensate for the hearing loss.

The frequency of hearing loss was high due to the harmful effect of noise. The intensity of the hearing
loss was predominantly light, presenting a typical curve of acoustic trauma in a group of these workers, with
moderate hearing loss predominating more in them, followed by light hearing loss; this happens in three ways:
the case may have presented a sensorineural hearing loss of another etiology that was increased by the noise,
or because they have been exposed to noise for many years and generally without any individual protection,
which causes severe destruction of the sensory elements of the organ of Corti, which is very sensitive to this
type of environmental pollutant. There are also phenomena associated with presbycusis in third place because
the operators are older, and the noise increases the intensity of the hearing loss.

Hearing loss due to exposure to noisy environments has increased worldwide in recent years.(%3 |t is
classified by the World Health Organisation (WHO) according to its intensity as mild hearing loss (loss between
21-40 decibels (dB), moderate (between 41-60 dB), severe (between 61-80 dB) or profound (a loss greater than
81 dB). Depending on the affected site, it can be conductive hearing loss, sensorineural hearing loss, and mixed
hearing loss when both pathways are affected. (¢34

Noise-induced sensorineural hearing loss has a fairly typical audiometric pattern, with initial changes usually
seen at 4000 Hz. Still, it is not unusual for the maximum peak to be between 3000 and 6000 Hz. It is estimated
that in the first 10 years, the scotoma deepens and then stops while the defect extends into the nearer
frequencies. If the stimulus does not cease, the notch becomes more evident in the lower frequencies, and the
curve takes on a ‘bucket’ appearance that disappears as the threshold for the higher frequencies increases. 3%

Multiple studies have found that specific genetic and epigenetic characteristics increase the sensitivity to
acoustic trauma in animals with hearing loss. Transgenic mice express genes related to hearing loss, such as
Ahl1(Cdh23 735AQ-G) in C57BL/6J, which are more susceptible to hearing impairment caused by noise. %3¢

In our country, there is research related to the causes of sensorineural hearing loss and its intensity; in
descending order, presbycusis (50,0 %), noise-induced hearing loss (26,0 %), and vascular causes (11,0 %) stand
out, the latter being associated with a moderate intensity loss.®”

Studies indicate that the prevalence of noise-induced sensorineural hearing loss is increased by duration
of exposure time, noise energy levels, gender, and age. Each type of work has an average noise exposure.
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The high prevalence of high-frequency sensorineural hearing loss in manufacturing workers is associated with
gender, age, duration of noise exposure, noise intensity, and temporal exposure to this environmental pollutant,
affecting speech frequencies and increasing with age. The degree of concentration loss in the hearing curve
is related to loss in the high frequencies. The temporal influence of noise should be considered in the early
diagnosis and prevention of occupational complex noise deafness. (38:3%40)

Aging significantly affects hearing loss. Likewise, there is a relationship between the different causes of
hearing loss and moderate levels of hearing loss, and risk factors such as arterial hypertension, exposure to
noise, and vascular causes worsen the disease, which has become a health problem in Cuba and worldwide.®?

It is estimated that after the age of 60, hearing decreases by an average of 1 dB per year, with a greater
loss observed in men than in women. If the harmful action of noise is added to this, the situation worsens. 43¢

Those affected by hearing loss may also have other significant repercussions, such as frustrating experiences
due to communication difficulties caused by hearing loss and increased feelings of burden associated with the
role as a contributor that they must assume and because of their age and hearing loss are no longer able to do
so. It is therefore necessary to review the guidelines and protocols for action created in this regard to avoid
or mitigate these situations. %3

Any person repeatedly exposed to noise can develop progressive hearing loss. Over the years, the hearing
loss begins in the extra-conversational zone and is therefore not perceived by the patient. Often, the initial
symptom is tinnitus, which usually occurs at the end of the working day.®49

Noise-induced cochlear damage can be acute or chronic, as there is also an individual susceptibility to
sound, which makes some people more prone to hearing loss than others. When we feel ringing in our ears
after being exposed to loud noise, it means there has been damage, which may be transient, but if we are
exposed frequently and long enough to these high noise levels without adequate protection, the damage will
be permanent.©4?

Hearing disorders are a significant public health problem due to their increasing prevalence worldwide and
the economic impact they have on healthcare systems and the economy in general. They have been studied in
various regions of the world.“®

Tinnitus appeared in cases with less than five years of noise exposure, and as the years of exposure increased,
tinnitus was also present. Both algiacusis and vertigo were entirely present in those with less than five years
of noise exposure.

It was considered that this phenomenon, which is so annoying for the affected person, occurs because those
exposed to noise for the first time lose a considerable number of hair cells of the organ of Corti in the inner
ear. This destruction is increased by high noise intensities and by periods of exposure of more than eight hours.
After more than five years of exposure, the number of destroyed cells of the organ of Corti almost completely
disappears and may be the reason for the absence of hearing loss and dizziness when exposure lasts more than
five to 10 years or, as the patients have become accustomed to them, they do not even mention them, or they
disappear.

Up to 18 % of the general population in industrialized countries are mildly affected by chronic tinnitus and
0,5 % report that tinnitus severely affects their ability to lead an everyday life. Tinnitus, often described as
‘ringing in the ears,’ is a serious problem affecting a significant proportion of the population today. It is most
common in people over 65 (approximately 30 % of this group report tinnitus). Specific occupational populations
are at high risk of developing tinnitus. #44>

Tinnitus is the most common consequence of noise-induced hearing loss. In current studies, it is an
independent predictor of increased hearing threshold among steelworkers with this type of hearing loss.
Tinnitus has a significant impact on quality of life and is responsible for stress itself. In studies, occupational
deafness was shown to be associated with tinnitus from high-intensity sounds. However, the volume of tinnitus
has not been reported in these studies. “®

Comorbidities such as vertigo and tinnitus coexist and are considered burdens for people with sensorineural
hearing loss. Vertigo may be present in 30 to 60 % of cases. Vertigo from the onset of sensorineural hearing
loss can often be seen in the most severe cases and is frequently associated with a poor prognosis for hearing
recovery.“?

Tinnitus is universally close to sensorineural hearing loss and remains constant and annoying. It has an
economic significance and psychological burden. Recovery of hearing after sensorineural hearing loss is often
accompanied by concomitant improvement of tinnitus. Residual tinnitus may exacerbate or replace the
physiological and functional burden of hearing loss in recovered sensorineural hearing loss.“®

Noise overexposure can also damage the peripheral vestibular system. Based on pre-clinical work in different
animal models, it has been shown that depending on the noise characteristics or overexposure to noise often
leads to cellular damage of the peripheral vestibular system with well-characterized effects on the response
of organs called otoliths.®3¥

The use of personal protective equipment against the harmful effects of noise was deficient, and it was
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found that few workers use it, which increases the risk of hearing loss, as was the case in the affected cases.

For this reason, hearing protection devices, earplugs, and earmuffs are insisted upon. The evidence shows
that, regarding the immediate effects of hearing protection, giving instructions for the correct insertion of
earplugs in the ear canal has a relevant and significant impact on noise attenuation.“?

It is necessary for the administrations of noise-emitting industries to update and unify the permitted limits
of sound levels in the working environment according to the daily hourly workload and to determine the
periodic audiometric controls according to the daily exposure time.“"

Occupational Sensorineural Hearing Loss is a pathology that will affect those who suffer from it for the rest
of their lives; therefore, its early detection, treatment, and decisions by the company are fundamental for
employees’ quality of life. Thus, the Ibero-American Social Security Organisation proposes the implementation
of norms and laws for the control of occupational risk where noise and vibration pollution levels emitted by the
use of machines that are part of work activities are addressed to ensure the quality of life of the workers.“”

Hearing loss affects 5,3 % of the world’s population, which represents 360 million people, 56 % of whom
are men. These people have been exposed for several years to high levels of vibrations and noise during their
working hours without having the appropriate safety equipment to reduce or avoid this type of risk. Ecuador
has only generalized data on occupational accidents and diseases.

CONCLUSIONS

The predominant age group was between 41 and 50 years of age, of which approximately half of the workers
had hyperacusis, and all of them were male. All the generators were identified as sources of high noise emission
with measured levels above the internationally established values. The characteristics of the audiometric
curves were delineated, with a predominance of mild and moderate intensity of hearing loss, coinciding with
the typical characteristics of the acoustic trauma curve in a quarter of the operators affected by hearing loss.
The relative frequency of hearing loss was higher in workers with less than five years of noise exposure, with
light and moderate intensities predominating. The partial existence of the means of protection was verified,
and their poor use by the workers at the beginning of the research was resolved after the intervention was
carried out. Intervention actions for preventing and comprehensive care of noise-induced hearing loss in
exposed workers were validated.
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