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Abstract

Hearing loss is becoming more frequent, especially in developing and highly developed countries. Progressive hearing loss is commonly a
result of noise. Sources are often found in industry, but they also occur as environmental noise associated with the use of various types of trans-
port. In children and adolescents, the biggest threat is recreational noise, i.e. music on headphones, concerts, discos, and toys. Noise not only
affects the hearing of children, weakening it and increasing susceptibility to hearing loss in later years, but it also has so-called extracoustic
effects. These include disturbed sleep, concentration, aggressive behavior, stress, and anxiety. Hearing loss arising from noise primarily affects
high frequencies, reducing the ability to understand speech. This causes, among others, problems with speech development, education, and
communicating with peers, which is why it is important to prevent hearing loss and to diagnose the problem as soon as possible. The aim of this
work was to present the most important information on hearing loss caused by noise in the environment of children, and to show the social
extent of the problem.
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USZKODZENIE SLUCHU U DZIECI I MLODZIEZY SPOWODOWANE HALASEM
- PRZEGLAD

Streszczenie

Niedostuch spowodowany hatasem jest coraz czestszym zjawiskiem, przede wszystkim w panstwach rozwijajacych sie oraz w tych wysoko
rozwinietych. Niedostuch jest skutkiem coraz powszechniej wystepujacego hatasu. Jego zrodlem jest najczesciej przemysl, lecz takze jesteSmy
narazeni na halas srodowiskowy miedzy innymi podczas korzystania z réznego rodzaju srodkéw lokomocji. W grupie dzieci i mtodziezy
najwigkszym zagrozeniem jest hatas zwigzany z rekreacja, czyli stuchaniem muzyki przez stuchawki, koncertami, dyskotekami oraz zabaw-
kami. Wplywa on nie tylko na stan stuchu dzieci - oslabia go oraz zwigksza prawdopodobienistwo powstania niedostuchu w pézniejszych
latach, lecz takze powstaja tak zwane pozastuchowe efekty dzialania hatasu. Obejmuja one: zaburzenia snu, koncentracji, powstawanie
zachowan agresywnych, stres oraz niepokd¢j. Niedostuch, ktéry u dzieci i mlodziezy powstal na skutek hatasu, dotyczy przede wszystkim
czgstotliwosci wysokich, przez co obnizona zostaje zdolnos¢ do rozumienia mowy. Powoduje to migdzy innymi problemy z rozwojem mowy,
nauka w szkole, nawigzywaniem kontaktéw z réwiesnikami. Dlatego tak wazne jest, by nie dopuszcza¢ do mozliwo$ci powstania niedo-
stuchu oraz, jesli wystapi, jak najszybciej zdiagnozowa¢ problem. Celem pracy byto przedstawienie najwazniejszych informacji na temat
niedostuchu spowodowanego hatasem w $rodowisku dzieci i mlodziezy oraz ukazanie tego zjawiska jako problemu spolecznego, ktéry
mozna okresli¢ jako plage dzisiejszych czasow.

Stowa kluczowe: dzieci « hatas « niedostuch « niedostuch odbiorczy

Introduction

Noise-induced hearing loss is a hearing loss characterized by
being bilateral and permanent. Most often it appears among
the elderly, who have working for many years in a pro-
fession subject to noise exposure. Noise can be under-
stood as all sounds harmful to human health or undesir-
able in a given place and time [1]. In recent years, lifestyle
changes, increasing urbanization, and increasing traffic
have caused an increase in overall environmental noise.
Due to these factors, noise-induced hearing loss is increas-
ingly common in children and adolescents [2]. Uncom-
pensated hearing loss in children can contribute to prob-
lems with speech development, concentration, language

learning, or behavioral disorders. The greater the hear-
ing loss, the greater the observable delays in school learn-
ing [3]. Noise-induced hearing loss cannot be cured at
the moment, which is why prevention is so important [4].

Material and methods

This paper is a systematic review of the literature published
between 2001 and 2020, although most of the articles were
2010 to 2020. The articles were selected from searches on
PubMed and Google Scholar. The most common terms that
were used when searching for materials were noise-induced
hearing loss and hearing loss. Keywords were searched in
both Polish and English. The terms accorded with the Medical
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Subject Heading (MeSH) terms. A PRISMA review form was
compiled (http://prisma-statement.org/prismastatement/
Checklist.aspx). The criteria for rejecting or accepting papers
were based on the relevance and reliability of the articles and
our own academic knowledge. A flow diagram of the sys-
tematic review is shown in Figure 1.

1. Characteristics of noise-induced hearing loss

The negative impact of noise on the human hearing organ
depends on factors such as the volume of the sound, its
character, duration, and individual susceptibility. High
levels of sound can cause hearing damage after a single
exposure and this loss is called acute acoustic trauma [5].
Most often, such trauma occurs in people who have con-
tact with firearms at work, where acoustic energy of 160-
190 dB can be released [6]. More commonly, lower levels
of exposure are repeated many times over many years, so
that even moderately low-level sounds can cause hearing
loss (called chronic acoustic trauma). Noise initially causes
temporary threshold shift (T'TS), which is a reversible hear-
ing impairment. If exposure to TTS is repeated, this can
lead to permanent threshold shift (PTS), i.e. irreversible
hearing damage [5,7].

Noise-induced hearing loss is characterized by a defect
initially arising in the 4-6 kHz band and over time deep-
ens and expands to neighboring frequencies. In addition,
in the first years of illness there is the presence of loudness
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recruitment. The biggest jump in hearing loss occurs dur-
ing the first years of exposure, after which its development
slows down [8,9].

2. Sources of noise and its intensity in the child’s
environment

Children are exposed to noise from the very first moments
after birth. Before birth, the hearing organ is protected
from excessive sounds by the amniotic fluid and mater-
nal abdominal tissues, which act as a filter that reduces
the intensity of sounds from the environment by about
20-35 dB. After birth, when the amniotic fluid is no lon-
ger present, the baby is susceptible to loud sounds. Such
sounds can be generated by various types of machines or
people in the newborn’s surroundings, but is most likely
to be in the incubator. Closing the incubator’s windows,
tapping on its walls, or conversations of people in the sur-
roundings generate sounds at a level of around 80-90 dB,
so a long-term stay exposes the baby to potential hearing
loss. In the important first days of life it can also reduce
the respiratory capacity of the lungs, lead to disorders of
the cardiovascular system, or disturb sleep. The highest
exposure group are premature babies who require hospi-
talization for up to several months [10,11].

As a child gets older, they start playing with toys that can
help them grow. However, some toys generate sounds that
are harmful to hearing. For example, a toy radio or telephone

Additional records identified
through other sources
(n=0)

A 4

Records after duplicates removed
(n=41)

Screening

Records screened
(n=41)

Records excluded
(n=7)

\ 4

Full-text articles assessed
for eligibility
(n=34) (n=0)

Full-text articles excluded,
with reasons

A 4

Eligibility

Studies included in
qualitative synthesis
(n=34)

Included

Studies included in
quantitative synthesis
(meta-analysis)
(n=2)

Figure 1. PRISMA flow diagram
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generates sounds at a level of about 60 dB at a distance of
30 cm from the child’s head, music boxes can reach an
intensity of up to 75 dB, while toy musical instruments such
as a guitar up to 90 dB. Many toys produce dangerously
loud sounds in the 500 to 4000 Hz band, which coincides
with the speech band and the range of highest hearing sen-
sitivity. Hearing damage in such a band can cause a prob-
lem in speech understanding [12].

High levels of sound also occur in schools. The main source
of noise there are sounds coming from the surroundings
of the facility. Most schools are located in places where the
noise level can reach 65 dB. Similar levels can be recorded
in a school playground, where children are during breaks
or physical education classes. However, the most harmful
place at school is usually the corridors, where noise levels
there during breaks are 66-98 dB. Lower sound levels are
found in classrooms, which range from 53 to 75 dB; however,
although they are quieter, it has the potential to affect stu-
dents and teachers the most, diminishing the ability to focus
on learning, and increasing irritation and irritability [13].

The next stage of exposure to noise is teenagehood. Although
listening to music does not quite fit the definition of noise,
because these are desirable sounds, their long-term impact
on hearing can also cause hearing disorders typical of noise
damage. Currently, around 88-90% of teenagers and young
adults declare they listen to music through headphones,
and the percentage of people attending concerts increases
every year. Music played on headphones can reach up to
120 dB when the preferred gain is between 68 and 86 dB.
There is a percentage of young people whose listening hab-
its may affect their hearing [14].

3. Prevention in the child’s environment

Because of differences in ear anatomy, children and teen-
agers are more sensitive to noise than adults. Early expo-
sure to noise can lead to earlier and larger hearing damage,
which eventually becomes apparent in old age as presby-
acusis. That is why prevention is very important. After
many studies which found that large percentages of chil-
dren are subject to long-term noise exposure, the Euro-
pean Action Plan for the Environment and Children’s
Health was created, which provides tips and guidelines to
improve and monitor the environment and health of chil-
dren. In addition, a group of experts created a document
called PINCHE, which contains principles for the preven-
tion of acoustic trauma in children [15].

According to these programs, the most important thing is
to reduce noise in schools by systematically measuring it
both from outside and inside the institution, and by apply-
ing knowledge of acoustic adaptation and the possibility of
using noise protection measures so that class-room sounds
do not exceed 35 dB unless there is a person in the class
who is hearing impaired, in which case sounds should not
exceed 30 dB. In addition, lessons should be given about the
dangers of noise and their effects on health, with a strong
emphasis on knowing how to listen properly to music
through headphones and measures to take when going to
discos and concerts. The noise level in incubators should be
restricted to a maximum of 50 dB. For toys and fireworks,
the maximum sound level should be reduced and it should
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be displayed on the label, with a warning about possible
harm to hearing. Personal music players and noise at con-
certs should be reduced to a maximum of 100 dB with an
indication that 75 dB is the maximum safe level [15,16].

According to research, attention should be paid not only to the
intensity of sound levels, but also to their duration. In 1998,
the National Institute for Occupational Safety and Health
indicated that 85 dB was the maximum safe level for 8-hour
exposure. The exchange principle was also set out, where if
the noise duration is shortened or extended, its safe level is
increased or decreased accordingly. According to this rule,
listening to 91 dB music is safe for 2 hours, for 100 dB it will
be 15 minutes, while for 103 dB only some 7 minutes a day.
Repeatedly exceeding these norms leads to hearing loss. How-
ever, there may be situations where these maximum levels
will still be too high. Therefore, during concerts, you should
properly protect yourself by staying at a safe distance from
the speakers to reduce the intensity of the sounds reaching
the ears or wear ear protectors, both there and in clubs and
during sporting events [17]. In addition, some researchers
indicate a good effect of using headphones with sound iso-
lation, because it has been shown that a higher background
level in the environment leads to the use of higher levels of
sound in the headphones [18].

4. Detection of noise-induced hearing loss

To detect and categorise a given level of hearing dam-
age, a number of tests are needed, the results of which
will confirm the existence of hearing loss, as well as its
depth, type, and degree. Studies that allow diagnosis of
noise-induced hearing loss include anamnesis, pure tone
audiometry, suprathreshold audiometry, and otoacoustic
emissions [19].

Anamnesis, i.e. patient history, is the first activity the exam-
iner performs when diagnosing hearing loss. The inter-
view must be comprehensive and include questions about
the profession and the background sound that accompa-
nies the patient during work. Another important aspect is
contact with ototoxic substances, because acquired hearing
loss can be significantly aggravated by these substances and
can amplify normal hearing loss from damage caused by
noise. Another key question for the patient is a request to
characterize their symptoms. Noise-induced hearing loss is
characterized by bilateral hearing loss, not exceeding a level
over 60 dB, that has increased steadily over a number of
years. Tinnitus is also a frequent consequence of hearing
damage due to noise [19,20]. When conducting anamne-
sis, it is important to determine comorbidities. Hearing
loss can be caused by previous otitis, middle ear surgery,
ingestion of ototoxic drugs, or head injury. The occurrence
of such trauma is also favored by the occurrence of such
ailments as kidney disease, diabetes, hypertension, rheu-
matoid arthritis, or a genetic predisposition to the emer-
gence of this pathology [19].

Pure tone audiometry is the most common hearing test
used to determine hearing thresholds. As a result of noise-
induced hearing damage, the audiogram will likely show
most hearing impairment at 4000 Hz [21], although the
result will depend on the time of exposure to noise and the
age at which the patient was most exposed to noise. After
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15 years of exposure to very loud sounds, hearing loss flat-
tens by deterioration of hearing thresholds at other fre-
quencies, followed by stabilization [19,21].

Suprathreshold audiometry is used to assess hearing levels
at a volume exceeding threshold. To confirm hearing loss
due to noise, a SISI test or Metz symptom should be per-
formed. This hearing damage is a cochlear type injury. When
performing these tests on a patient with this type of hear-
ing impairment, the results are positive. The SISI test is par-
ticularly characteristic for the initial period of injury [19].

Otoacoustic emission is an objective study which examined
the functioning of outer hair cells [22]. Noise has a destruc-
tive effect primarily on the outer hair cells, which is why
during a test in a person with hearing impairment caused by
noise, the otoemission record disappears for 3000-5000 Hz
[21,23]. Joint performance of otoacoustic emission and pure
tone audiometry is crucial because audiometry determines
the degree of hearing loss, and otoacoustic emission shows
damage of the hearing cells. However, some researchers
believe that otoacoustic emission of non-linear distortion
products catches differences in hearing faster and is more
sensitive to hearing changes due to significant noise expo-
sure than from pure tone audiometry [21,24].

5. Treatment of noise-induced hearing loss

Oxidation of the hearing organ plays an important role in the
perception of sounds. For the cochlea to operate properly it
must be supplied with the right amount of oxygen and other
energy-generating substances. The occurrence of acoustic
trauma and exposure to noise reduces the amount of oxygen
in the fluids of the inner ear appreciably. The use of hyper-
baric oxygen as a means of treating acoustic trauma seeks
to increase oxygen supply to the inner ear. Oxygen hyper-
baria involves respiring 100% oxygen at increased ambient
pressure [25], causing a major increase in oxygen pressure
in the cochlea. The use of oxygen hyperbaria is considered
effective in the treatment of acoustic trauma and sudden
sensorineural hearing loss. Currently, treatment of noise-
induced hearing loss is based on the administration of ste-
roids and hyperbaric therapy. However, these approaches
are not sufficient to treat traumas caused by noise [25,26].

Because it is not possible to revive or replace damaged hear-
ing cells, researchers have begun to look for ways to pro-
tect the cochlea from high noise or to reduce free-radical
production. Apoptosis and necrosis are the most impor-
tant pathophysiological processes in the cochlea. Apoptosis
is the enzymatic destruction of auditory cells, and necro-
sis is the destruction of cells by damage to the cell mem-
brane and the appearance of inflammation [27]. Apopto-
sis begins as soon as acoustic trauma occurs and works
as a mitochondrial pathway that is activated by oxidative
stress. Measures to prevent the occurrence of apoptosis and
necrosis stop the formation of free radicals and damage to
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hearing cells, but these practices are currently still in an
active research phase [27].

Another direction of modern research is the development
of a kinase-blocking drug that can be administered prior
to exposure to sudden sounds. Coleman et al. found pro-
tective properties of the drug AM-111 for the inner ear
[28]. This drug can be given by intrathecal administra-
tion before exposure to acoustic trauma, or even 4 hours
after. Suckfuell and colleagues have shown that the drug is
effective when administered up to 24 hours after acoustic
injury [29,30]. Various views on the effects of AM-111 show
that there are still no precise guidelines for the treatment
of acoustic trauma, and prevention information is still
under study. The scientific world has high hopes for this
drug and is considered to offer great potential for people
who are exposed to noise.

Discussion

The aim of the work has been to present important infor-
mation on noise-induced hearing loss in the context of
children’s hearing and to show the social extent of the
problem, one which might be described as a modern-day
scourge. The current literature shows that children are
exposed to noise from the first years of life [31], and the
spread of modern music playback devices, and the popu-
larity of cell phones, means an increase in the likelihood
of teenagers damaging their hearing from loud music [32].
In situations where young people are exposed to noise,
prevention of hearing loss should involve the use of hear-
ing protectors, while diagnosis and monitoring of hearing
should be based on pure tone audiometry [16]. According
to some recent publications, hyperbaric oxygen is a use-
ful method of improving auditory function in the face of
hearing damage due to noise [33]. Current research sug-
gests that the drug AM-111 has a protective effect on the
inner ear and can be used as a preventive and therapeu-
tic agent in dealing with hearing damage from noise [34].

Conclusions

Hearing damage caused by noise is a serious problem
among children and adolescents. Young people have to
deal with noise from the first days of life. The danger of
hearing damage begins from the moment they are placed
in the incubator, followed by noise-making toys, scream-
ing in school corridors, and excessive sound levels while
listening to music over headphones. Due to differences in
the anatomical structure of the ear, children and adoles-
cents are more sensitive to noise than adults. Preventive
programs can help reduce noise in everyday life of young
people. Hearing loss due to noise can be treated by hyper-
baric oxygen and the use of pharmacological agents. How-
ever, in order to apply appropriate treatments for hearing
loss, it is first necessary to carry out hearing diagnostics
based on subjective and objective tests.
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