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Abstract
Music induced hearing loss is caused by listening to loud music on Personal Music Players (PMP) or attending discotheques 

regularly over a period of time. Exposure to loud music causes physiological changes and damage in the Basilar Membrane especially 
to the Outer Hair Cells, Inner Hair Cells, and the Auditory Nerve. Damage includes loss of sensitivity to soft sounds, presence of 
recruitment, tinnitus, reduced frequency selectivity and reduced flow of synapses and information to the auditory cortex. This leads 
to poor auditory discrimination and reduced temporal fine structure of sounds and poor pitch perception. Hearing loss acquired 
due to exposure to intense loud music, is typically greatest over the frequency range 3–6 kHz, hence the high frequency hearing 
loss. Numerous studies done on threshold changes, temporary threshold shift and permanent threshold shift using Pure Tone 
Audiometry and Oto-Acoustic Emission have indicated high frequency hearing loss in young adults after exposure to loud music at 
discotheques, overuse of Personal Music Players (PMP) in teenagers and children. Pure Tone Audiometry (PTA) changes weren’t 
noted, however Oto-Acoustic Emissions (OAE) showed changes and indication of high frequency hearing loss and tinnitus was 
noted as a symptom after loud music exposure.

Abbreviations: PTA: Pure Tone Audiometry; OAE: Oto-Acoustic Emissions; PMP: Personal Music Players; MIHL: Music Induced 
Hearing Loss; TM: Tympanic Membrane

Introduction
Music is a rudimentary part of human life and is important 

for emotional wellbeing. WHO (2020) estimated 1.1 billion young 
people (aged between 12–35 years) are at risk of hearing loss 
due to unsafe listening practices? A disorder in which a person 
has been exposed to high levels of music over a prolonged period 
of time is Music Induced Hearing Loss (MIHL). People of all ages, 
demographics and gender may be affected by MIHL. This disorder 
is caused due to too much sound intensity going through and into 
the auditory system with longer period of exposure. 

Audition or Hearing
The auditory system is a system for the sense of hearing. 

The human ear mechanism has a frequency range of 20 Hz- 20 
kHz. It is divided into two sub-systems: The Peripheral System 
consists of outer ear, middle ear (Tympanic membrane, middle ear 
ossicles, eustachian tube and the middle ear muscles) and inner 
ear (Vestibular system and Cochlea). The central system is from 
the cochlear nucleus to the primary auditory cortex. The outer 
ear is made up of the pinna and the external auditory meatus. The  

 
pinna or the ‘auricle’ is commonly known as the ear, is a funnel-like  
structure, which not only directs sound into the external auditory 
meatus but also acts as a resonant tube, boosting a peak between 4 
and 6 kHz of up to 10 dB HL [1]. The pinna helps in localization of 
sound in space and collects acoustic energy from the environment 
and directs it to tympanic membrane via external auditory meatus. 
Two ears side by side helps in binaural sound localization (Silva 
et al., 2014). A secondary resonance is provided to the magnitude 
of 17 to 22 dB HL at roughly 2.7 kHz, as sound waves travel down 
through the external auditory meatus [2]. At the end of this meatus 
lies the tympanic membrane. The Tympanic Membrane (TM) marks 
the boundary between the outer ear and the middle ear and is 55 
mm. The eardrum moves synchronously in response to variations in 
air pressures, which constitute sound waves. The drum’s vibrations 
are transmitted through the ossicular chain to the cochlea. The 
diameter of the TM helps in conversion of the acoustic energy to 
mechanical energy. When sound waves enter the ear, they strike the 
tympanic membrane and this force of the sound wave strike and 
transmits the vibrations further in, to the ossicles of the middle ear.  
The middle ear ossicles are a group of 3 bones, and they are the 
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smallest bones in the human body. The malleus (hammer), incus 
(anvil) and the stapes (stirrup). The sound waves from the tympanic 
membrane are amplified by the auditory ossicles. The chain of three 
tiny bones in the middle ear acts as an impedance transformer, 
efficiently coupling the relatively large low impendence movement 
of the ear drum to the smaller, high impedance movement of the 
fluid in the cochlea of the inner ear.   

Inner Ear: It consists of the vestibular system and cochlear system. 
The vestibular system represents the peripheral balance system. 
The cochlea system represents the ‘hearing’ part of the inner ear 
and is situated in the petrous portion of the temporal bone. The 
cochlea is divided into 3 sections, scale vestibuli, scala media and 
scala tympani. It interacts with the middle ear via two holes that are 
closed by membranes: the oval window, which is located at the base 
of the scala vestibuli and which undergoes pressure from the stapes 
(‘middle ear’), and the round window, which seals the base of the 
tympanic membrane and is used to relieve pressure. The scala media 
houses the organ of Corti which rests on the basilar membrane the 
surface of the inner hair cells (one row) and the outer hair cells (3 
rows) by the pillars or Corti. When sound pressure is transmitted to 
the fluids of the inner ear by the stapes, the pressure wave deforms 
the basilar membrane in an area that is specific to the frequency of 
the vibration. In this way, higher frequencies cause movement in 
the base of the cochlea, and deeper frequencies work at the apex. 
This characteristic is known as cochlear tonotopy. The gradual 
thickening of the basilar membrane from the base (20kHz) to the 
apex (20Hz). This transmission of sound is known as ‘Travelling 
wave theory’. This frequency tuning is closely linked to the electro 
motility of the outer hair cells (OHCs) and is defined by the fibres 
of the auditory nerve and the inner hair cells (IHCs) that generate 
the neural signal. 

Cochlear fluids: Perilymph: There are two types of perilymph: 
the perilymph of the scala vestibuli, and that of the scala tympani. 
Both have a composition similar to cerebro-spinal fluid (CSF): rich 
in sodium (140mM) and poor in potassium (5mM) and calcium 
(1.2mM). The perilymph in the scala vestibuli comes from blood 
plasma across a hemto-perilymphatic barrier, whereas that of the 
scala tympani originates from CSF. 

Endolymph: is created from perilymph. The endocochlear 
potential is the sum of two potentials: a positive potential caused 
by active secretion of K+ by the stria vascularis (120mV) and 
a negative potential created by the passive diffusion of K+ ions 
from the hair cells (40mV). The spiral ganglion is formed from 
the primitive otocyst. It differentiates very early, before the organ 
of Corti. In a human, it is composed of 30 to 35,000 bipolar spiral 
ganglion neurons (SGNs) of two main types. Large and slightly 
myelinated type I neurons (accounting for more than 90%) are 
connected to inner hair cells; small and unmyelinated type II 
neurons are connected to outer hair cells. Both types have central 
axons delivering messages to the cochlear nuclei. 

Central System: auditory messages are conveyed to the brain 
via two types of pathway: the primary auditory pathway which 

exclusively carries messages from the cochlea, and the non-primary 
pathway (also called the reticular sensory pathway) which carries 
all types of sensory messages. 

Primary Auditory Pathway: the first relay of the primary 
auditory pathway occurs in the cochlear nuclei in the brain stem, 
which receive Type I spiral ganglion axons (auditory nerve); at this 
level an important decoding of the basic signal occurs: duration, 
intensity and frequency. The second major relay in the brain stem 
is in the superior olivary complex: the majority of the auditory 
fibres synapse there having already crossed the midline. Leaving 
this relay, a third neuron carries the message up to the level of the 
superior colliculus (mesencephalus). These two relays play an 
essential role in the localisation of sound.

A last relay, before the cortex, occurs in the medial geniculate 
body (thalamus); it’s here that an important integration occurs 
preparation of a motor response (e.g., vocal response). The final 
neuron of the primary auditory pathway links the thalamus to 
the auditory cortex, where the message, already largely decoded 
during its passage through the previous neurons in the pathway, 
is recognized, memorized and perhaps integrated into a voluntary 
response. 

Physiology of Music Induced Hearing loss
Exposure to loud and high levels of music leads to several 

physiological changes in the cochlea and the auditory pathway 
leading up to the auditory cortex. Disturbance and damage to the 
outer hair cells in the cochlea leads to loss of hearing sensitivity 
to soft sounds, presence of recruitment and decreased frequency 
selectivity. Disturbance and damage to the inner hair cells or the 
synapse in the cochlea causes degeneration of the neurons in the 
auditory nerve and reduced synapses to the auditory cortex causing 
poor auditory discrimination, reduced pitch perception and poor 
temporal fine discrimination.

Conceptual Repercussions of Music Induced 
Damage
Outer Hair Cell (OHC) Damage

Damage to OHC impairs the function and leads to three 
perceptual reactions. First is the reduction of basilar membrane 
vibration at the peak. Hearing loss acquired due to exposure to 
intense loud music, is typically greatest over the frequency range 
3–6 kHz, hence the high frequency hearing loss. Second damage 
is reduced frequency selectivity and this in turn reduces the 
spectral shape of sounds which is important in distinguishing 
different musical instruments. The third reaction is the presence of 
recruitment (abnormal growth of loudness) [3]. 

Inner Hair Cell (IHC) Damage
Damage to IHC causes disruption in temporal synchrony 

intervening the basilar membrane wave form and action potentials 
i.e., spikes, in the auditory nerve. It reduces the spikes along the 
auditory nerve leading to reduced neural coding and properties 
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of sound. This concealment causes poor discrimination of sound, 
reduced sensitivity, disorganization of temporal structure of sounds, 
reduced sound localization and poor pitch perception. When the 
damage is complete over a certain region of the basilar membrane, 
then little or no information from that region is conveyed to the 
auditory nerve, known as dead region. Dead regions are common in 
rock music listeners or regular discotheques goers [4].

Perceptual Repercussions
Deterioration of OHC’s, IHC’s and neurons lead to reduced 

synapse to the central auditory cortex, due to this central auditory 
cortex applies greater gain to the signal coming from the auditory 
nerve and this leads to Tinnitus and Hyperacusis. Tinnitus occurs 
due to increased gain amplification applied by the auditory cortex 
to neuronal noise that would not be audible normally. The presence 
of hyperacusis could arise from greater gain being applied to high 
level inputs, resulting in greater than normal loudness. 

Cochlear changes due to music exposure
Preventable hearing loss occurs when the cochlea is damaged 

by the repeated exposure to loud music. The underlying mechanism 
of music induced hearing loss is outer hair cell dysfunction. This 
can lead to either cellular trauma in response to transient high-
intensity sound such as loud rock amplifier exposure or due 
to metabolic exhaustion of the outer hair cells in response of 
continuous acoustic input. Prolonged, excessive music exposure can 
induce metabolic and mechanical changes in the organ of Corti [5]. 
Excessive noise exposure leads to hearing loss and other symptoms 
include tinnitus, hyperacusis and dizziness [3].

Tinnitus
The perception of noise in the ears or head when no external 

sound is present [6,7]. There are a number of types of tinnitus, and 
not all result from cochlear damage. Often tinnitus is transient, and 
it is normal to occasionally hear a brief ringing in the ear, which 
dies away within a few seconds. However, when chronic tinnitus is 
experienced after exposure to loud sounds, such as rock concerts and 
discotheques it is not just a warning sign, but a clear manifestation 
of cochlear injury. Consider the ringing sound to be caused by 
hair cells and neurons actually in the process of dying. Such cells 
generate a neural injury discharge because the cell membrane 
breakdown causes repeated depolarization (excitation) and/or 
uncontrolled release of neurotransmitters. In the case of severe 
acoustic trauma, tinnitus can persist and becomes permanent. 
It has been suggested that the initial neural injury discharge sets 
up (synaptic) connections in a network of auditory neurons at a 
more central (cortical) brain level, and that these cells continue 
to fire spontaneously (perhaps because a local positive feedback 
circuit is established or because local inhibitory neuron activity is 
reduced). Chronic tinnitus can be as devastating on quality of life as 
hearing loss. Clearly, any recreational activity that induces tinnitus 
should be avoided [8]. Derebery [9] reported that 25% experienced 
tinnitus post-concert. In a survey of over 9000 young adults, Chung 
et al. [10] found that 43% had experienced tinnitus after attending 
a nightclub, and 61 % after a live-music concert.

Hyperacusis
Hyperacusis or sensitive hearing is reduced tolerance to 

sounds of normal intensity leading to pain and discomfort and this 
occurs due to the central auditory processing centre perception. 
It is a psychological, perceptual, and social scope that can affect 
quality of life living with this condition. People with hyperacusis 
often perceive every day environmental sounds louder and 
intolerable that are typically not loud to others. Although all 
sounds may be perceived as too loud, high frequency sounds 
may be particularly troublesome. Numerous people experience 
sensitivity to sounds, but true hyperacusis is rare. It can affect 
all ages and can be unilateral or bilateral, often associated with 
tinnitus. Hyperacusis can lead to withdrawal, social isolation, fear 
of normal sounds (called phonophobia), and depression [11,12]. 
Symptoms include sensitivity to everyday sounds, often starting in 
one ear then progressing to both ears, difficulty tolerating ordinary 
environments and situations, isolation and pain, or physical 
discomfort with sounds.

Decibel exposure
In general, any sound, noise or music exposure of 85 dBA is 

considered to cause damage to the outer hair cell and listening 
to music at this level for approximately 8 or more hours is likely 
to result in permanent damage. Further, as volume increases, 
the exposure time decreases. A risk to hearing arises from a 
combination of how loud the sound is and how long a person is 
exposed to it. It can take many months or even years for the effect 
on hearing to become apparent but listening to loud music or other 
media over a long time can gradually cause permanent hearing 
loss issues. Past literature and studies that indicate the effects of 
music on hearing is greater than the effects of noise. About one in 
six Australians has some kind of hearing loss. Experts believe that 
37% of the hearing loss experienced by individuals was caused by 
preventable and repeated exposure to loud music, that is known as 
Music-induced Hearing Loss [13]. 

Government Regulations on Acceptable Noise 
Levels

The prevalence of noise induced hearing loss (NIHL) is a 
public health concern with government regulations (i.e., POEO EPA 
Australia) in place to protect general population in occupational 
settings. Sound pressure levels (SPL) of various recreational 
sounds including music have been measured and exposure dosages 
monitored as per the national regulations. Various governmental 
agencies, such as the Occupational Safety and Health Administration 
(OSHA) and The National Institute for Occupational Safety and 
Health (NIOSH) in the United States, the European Agency for 
Safety and Health at Work (EASHW) in Europe and Work Health 
and Safety in Australia has regulations and standards for noise 
exposure. Decibels exceedingly more than 85dB should be limited 
in a day. According to WHO the exposure standard for noise involves 
two measures:

a) LAeq, 8h of 85 dB(A) means that a person can’t be exposed 
to this level of intensity for more than 8 hours a day.

http://dx.doi.org/10.32474/SJO.2021.06.000245
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b) LCpeak of 140 dB(C) means that a person can’t be exposed 
to this level of intensity. Any exposure above this peak can create 
almost instant damage to hearing.  

Pure Tone Audiometry
Clinically, audiometry is used to evaluate hearing and establish 

thresholds from 250Hz -8000 kHz, and this procedure is used for 
evaluating MIHL. Audiometrically, MIHL typically presents as a 
decrease in hearing sensitivity thresholds that generally centers 
around 4000 Hz, and gradually affects hearing thresholds at 
surrounding frequencies, corresponding to cochlear damage in 
adjacent regions [14,15]  other symptoms include tinnitus (i.e., the 
perception of noise in the ears or head when no external sound is 
present), hyperacusis and dizziness [3].

Otoacoustic Emissions
Clinically, slight changes to the cochlea can go undetected with 

audiometry, hence objective measures like OAEs are needed for 
early detection [16]. Otoacoustic emissions (OAE) is non-invasive 
and low-level sound emitted by the cochlea either spontaneously 
or evoked by an auditory stimulus. Specifically, OAEs provide 
information related to the function of the outer hair cells (OHC). 
The most frequently evoked otoacoustic emissions in the clinical 
setting are transient stimulus otoacoustic emissions (TOAE), 
and distortion product otoacoustic emissions (DPOAE). DPOAE 
in particular is used in detection of Noise Induced Hearing Loss 
[17] and can be used in differentially diagnosis, separating high-
frequency hearing loss from other aetiologies such as Presbycusis 
and Ototoxicity [18]. 

Music is noise 
Acoustically, music has a similar structure as noise. Both music 

and noise have significant low frequency fundamental energy 

which musicians call the tonic (or note name), and higher frequency 
harmonic or broadband energy. Music, like noise, can have sound 
levels in the 60-70 dBA region and also sound levels in excess of 
110 dBA. One difference is that many sources of industrial noise 
exposure are steady state, in that the sound levels have minimal 
variation over time, whereas music is characterised by highly 
fluctuating levels. This intermittency over time has been studied 
for decades beginning with the 1966 CHABA report that defined 
the on/off fraction rule which essentially weighted the exposure 
by the time varying levels of the noise source – the quieter periods 
are balanced against the louder periods. This is one reason why 
music exposure for any given gross measure, such as dBA or Leq, 
tends to result in less hearing loss for musicians and those who 
listen to music, than their industrial colleagues. The audiometric 
configuration of long-term noise exposure is even similar to that of 
long-term music exposure. It is frequently difficult to differentiate 
a noise induced hearing loss from a music induced hearing loss 
purely on audiometric data. A thorough case history is required 
as the differentiating element. It is therefore not surprising that 
many of the research results using noise as a stimulus can apply 
(or have been applied) to music in many national and international 
regulations and policies.

Temporary Threshold Shifts
Noise can cause reversible hearing loss, and this is called 

temporary threshold shift (TTS). This occurs on exposure to loud 
sounds like loud music and this causes fatigue of hair cells and 
causes tinnitus (ringing). TTS can be caused by listening to ordinary 
digital music devices at volumes that are not especially high (e.g., 
100 dB) [19]. Sound pressure levels can routinely reach levels of 
126 dB [21]. Non-occupational noise is also regularly encountered 
during recreational activities and is a source of premature hearing 
reduction. 

Permanent Threshold Shift

Table 1: Peak noise levels in dB.

Whisper                                                                                                                                              30 dBA

Quiet room.                                                                                                                                        40 dBA

Moderate rainfall                                                                                                                              50 dBA

Conversation, dishwasher, clothes dryer                                                                                   60 dBA

Group conversation, vacuum cleaner, alarm clock                                                                  70 dBA

Subway, motorcycle passing, lawn mower                                                                                 91 dBA

Hair dryer, kitchen blender, food processor                                                                              94 dBA

Tractor, listening with earphones                                                                                              100 dBA

Leaf blower, snow blower                                                                                                            106 dBA

Maximum output of MP3 players, rock concert, chainsaw                                                 112 dBA

Jet plane, siren, pneumatic drill                                                                                                   120 dBA

Jackhammer                                                                                                                                       130 dBA

Firearms                                                                                                                                              140 dBP

Fireworks at 3 feet, firecracker, shotgun                                                                                  150 dBP

Source: American Speech, Language and Hearing Association, Dangerous and Safe Noise Levels.
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Continuous or repeated exposures to noise leads to TTS and 
exposure over a period of time leads to permanent threshold shift 
(PTS) if repeated [20]. Therefore, PTS can be defined as noise-in-
duced threshold shift that persists after a period of recovery sub-
sequent to the exposure. In animal studies, recovery has been re-
ported for periods extending up to 3 weeks, therefore it may be 
premature to define a threshold shift as temporary until at least 
3 weeks post-exposure, when a permanent threshold shift aris-
es, as the cochlear hair cells go into permanent fatigue and fail to 
relax leading to permanent damage. While the smallest level of 
TTS or PTS that can be reliably measured in an individual has not 
been well defined given test-to-test variability in individuals, sev-
eral standards have been set for what is considered a significant 
hearing loss or “standard threshold shift” (STS). The Occupational 
Safety and Health Administration (OSHA) states that an STS is a 10 
decibel (dB) increase in hearing threshold averaged across 2000, 
3000 and 4000 Hz in the same ear from an individual’s baseline 
or recent annual audiogram (29 CFR 1910.95). An STS is a report-
able work-related injury once it has been reconfirmed with a retest 
within 30 days of the initial test and results in a hearing threshold 
of at least 25 dB in the affected ear. Therefore, most occupational 
hearing loss or PTS is under reported since OSHA only requires an 
STS to be reported. Peak noise levels, in dB, are provided in the fol-
lowing Table 1.

Hearing loss 
Hearing loss is not limited to adults. Data from a population-

based study in audiometry conducted during a 1988-94 survey of 
over 6,100 children and adolescents aged 6 to 19 years indicates 
that approximately 15% have low-frequency hearing loss of at least 
16 dB in one or both ears. Male adolescents were found to have 
a greater prevalence of high-frequency hearing loss than females. 
No significant differences were observed by race and ethnic groups; 
however, children from families with low poverty-to-income ratios 
have more high-frequency hearing loss than children from the 

middle and high poverty-to-income ratios, suggesting that class 
disparities may exist (Niskar, 1998).

Objective
Previous research has demonstrated that occupational 

exposure to loud noise has led to audiometric evidence of Noise 
Induce hearing Loss (NIHL). Thus, it raises the question about the 
impact of occupational exposure to music on hearing in children, 
teenagers, and young adults. For this purpose, the following 
research questions will be systematically reviewed on occupational 
music exposure in children, teenagers, and young adults.

a) What are the factors and associated symptoms of hearing 
loss due to music in children, teenagers, and young adults? 

b) Can occupational music exposure lead to temporary or 
permanent threshold shifts as evidenced by audiometric testing? 

c) Does evidence exist regarding OAEs and early detection of 
hearing loss in this population? 

Method
Substantial literature review was conducted on music induced 

hearing loss from peer reviewed and scholarly journal articles from 
different database such as PubMed, NCBI (The National Centre 
for Biotechnology Information advances science and health by 
providing access to biomedical and genomic information) Google 
scholar and Cochrane Library. The database was extracted from 
Google and Safari search engines. Thirty-two journal articles and 
2 theses were reviewed and a priori decision was made to use 
only peer reviewed journals consisting of search strategy phrase 
‘children, teenagers, young adults, cause, audiometry testing, Oto 
Acoustic Emissions, overuse, personal music players, discotheques, 
music exposure, decibel levels, tinnitus, hyperacusis, cochlear 
changes and hearing losses. Ten peer reviewed relevant journals 
relevant to this study are discussed in the following table.

Results
Table 2: Summary of studies reviewed to answer three research question.

Authors & 
Year Design Participants Results or Outcomes

Opperman 
et al, 2006 

[15]

Randomised 
study using 

Pure Tone Audi-
ometry

29 people consisting of 14 females 
and 15 males with an age distribu-
tion of 17-59 yrs. volunteered from 

the local concert community

Sound levels averaged between 99.8 dBA to 125.6dBA. 64% of participants 
without earplugs Showed significant threshold shift as compared to the remain-
ing 27% of those using ear plugs. No difference existed between seating position 

or music genres

Henderson 
et al, 2011 

[40]

Cross- sectional 
study

Adolescents 12 to 19 yrs. of age 
participated in the survey.

induced threshold shift was noted, however 1% of female youths had prevalence 
of NITS. The overall prevalence of exposure to loud music or listening to music 

on headphone increased to 19.8%.

Helleman, 
Dreschler, 
2014 [14]

Cross sectional 
study using 

Pure Tone Audi-
ometry

18 young adults participated 14 
females and 4 males. Mean age 
of 21.4. Subjects with hearing 

thresholds of 15 dB HL or better 
were at 500, 1000, 2000 (PTA) and 
3000, 4000 and 6000 (HFA) were 

included.

Changes in PTA were noted in both conditions and was the same regardless 
the break. A shift of 1.7 dB for the right ears and 3.4 dB in the left ears were 

observed. There was significant difference between left and right ears. one hour 
after the exposure right ears recovered to baseline but left showed a minimal 

change of 1 dB to baseline.
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Johnson 
2014 [41]

Questionnaire 
study

Three and twenty-five students 
participated

The results showed 88.3 % experienced tinnitus after leaving night club and 
66.2 % experienced hearing impairment the following morning. In terms of 

behaviour 73.2 % weren’t much concerned about hearing damage and 70.2 felt 
the noise levels in night clubs should be regulated further.

Sulaiman 
et al, 2014 

[35]
Case study Thirty young adult personal listen-

ing devices users participated

Typical signs of NIHL due to PLD use was not detected in conventional audiom-
etry, but increased results were obtained in high frequency audiometry in PLD 

users, in addition to this TEOAE and DPOAE amplitudes were reduced compared 
to controls.

Narahari 
et al, 2017 

[49]

Case Study 
using Distor-
tion Product 
Oto- Acoustic 

Emissions 
(DPOAE’s)

34 medical students with an age 
range of 17-22 years

Analysis revealed no significant changes to DPOAEs amplitude between 2 to 8 
kHz, however small but significant reduction in DPOAE amplitude was noted 

between 9-12 kHz range following reduced usage of PMPs.

Hussain 
et al, 2018 

[34]

Case study 
using Pure Tone 

Audiometry

30 females and 20 males participat-
ed with a mean age of 24.1 yrs.

Hearing thresholds were significantly correlated to volume levels.22% of 
participants using PLD for 2 hrs or grater at 91dB showed increased thresholds 

at 4000 and 6000 Hz in PTA, indicating early manifestation of music induced 
hearing loss.

Le Clercq 
et al, 2018 

[30]

Cross-Sectional 
Study using 

Pure Tone Audi-
ometry

This study was an ongoing study 
in Netherlands from 2012 to 2015. 
5355 children participated with an 

age range between 9 to 11 years.

The final sample included. 3116 Participants with mean age of 9.7 with equal 
number of boys and girls. 39.9% reported no PMP use, 18.5% reported 1 to 2 

days use per week, 8.2% reported 3 or more days of use and in33.4% PMP use 
was not reported. Audiometric notches and high frequency loss were present in 
14.2%, 1.7% showed bilateral hearing loss. High frequency loss was associated 
with PMP use and presence of high frequency tinnitus as an associated symp-

tom.

Nguyen et 
al, 2018 

[32]

Hearing Survey 
accessible 

online open to 
all Australians 
residents over 
the age of 15 

yrs.

A sample of 4,185 Australian PLS 
users completed online survey 
about listening behaviours and 

hearing health

Results indicated 15% of participants was classified as potential risk of hearing 
loss, 41% reported feeling they have hearing loss and with 20% reporting hear-

ing speech in noise.

Mosta-
fapouet al, 
2020 [31]

Case series
Fifty volunteers between 18-30 yrs. 

of age using PMP at least 1 hr or 
more per day

Out of 50 subjects, 49 thresholds were normal except for 1 with unilateral loss 
of 30 dB HL. 22% had elevation of 10 dB at 3 to 6 kHz. 28% had unequivocal of 

15 dB or greater in either ear was noted. The presence or absence of noise notch 
did not co-relate to music exposure.

Table 2 summarizes the ten studies chosen for this literature 
review to answer the objective questions. All studies outline the 
design, participants, and outcomes. The selected studies measured 
the outcome of loud music exposure by using personal music 
players in children and adolescents and attending discotheques 
with loud music by young adults. The audiologic tests used were 
Pure Tone Audiometry and Oto-Acoustic Emissions. 

Discussion
The review of articles included in this study demonstrates great 

variability exists in measuring music exposure levels and measuring 
techniques. The word ‘Music exposure’ compasses a wide range 
of exposure situations (portable music player use, listening to 
loud music at discotheque, and parties). This study reported 3 
specific reviewed aims related to music induced hearing loss, the 
factors, and associated symptoms of hearing loss due to music 
exposure in children, teenagers and young adults, music exposure 
leading to temporary or permanent threshold shifts as evidenced 
by audiometric testing and existence of evidence regarding 
OAEs and early detection of hearing loss in this population. In 
order to evaluate the results this discussion will be based on the 
aims along with examining limitations of this study and future 

directions. Tinnitus presence is reported by children, adolescents, 
and young adults after extensive exposure to loud music. Tinnitus 
manifestation is seen in adolescents at primary and high school 
students, listening to loud music on personal music player, this 
caused increase in tinnitus frequency [22]. Recent exposure to 
noise or music was associated with a significant increase in tinnitus 
including an age-related interaction. An association was observed 
between recent and lifetime exposure. There are several reports of 
a high prevalence of temporary tinnitus following acute exposure 
to sounds, including music [23]. Despite the high prevalence of 
tinnitus in young population due to loud music exposure, the 
awareness of hearing protection and the associated risks of loud 
music exposure are extremely low. Future studies should focus on 
tinnitus as a warning for music induced hearing loss and emphasis 
on temporary and permanent music indued damage. Zhao et al. 
[24] managed a considerable review of research that evaluated the 
association between music exposure and hearing loss. Evidence 
and conclusions from that review was the differentiation between 
studies which found a relationship and those which did not, in the 
use of sensitive audiologic measuring tools. The use of pure-tone 
averages (PTA) as a test for hearing loss is not nearly as sensitive 
to cochlear damage as are OAEs, and high frequency audiometric 
testing, among other audiological tests.  
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A large study on recreational music exposure affecting 
hearing and auditory function was conducted by Carter et al. 
[25] The scientific weakness in some studies were discussed and 
concluded that imprecision in pure-tone audiometry existed. When 
conducting pure tone audiometry in detecting hearing threshold 
of a subject, many variabilities play a vital role in obtaining the 
response including subject’s motivation, skill and knowledge of 
the tester, the equipment used for testing, calibration, and testing 
environment. Oto-Acoustic Emissions as a measure of cochlear 
function is utilized in many studies and has signified as a promising 
and sensitive tool in determining MIHL and preclinical damage, 
i.e., dysfunction of the outer hair cells that precedes decrease in 
hearing thresholds. The non-invasive, objective, and rapid nature 
of OAE testing is considered superior to the subjective nature, 
time-consuming, labour-intensive method of pure tone audiometry 
[26].  Previous studies showed that OAEs were a reliable method 
of measuring MIHL, the results from studies evaluated above 
[27-29] provided sufficient documentation that supports the use 
of OAEs in a music-exposed population, revealing measurable 
decreases in OAE amplitude after music exposure. While OAEs 
provide direct relationship in hearing loss diagnosis it is difficult to 
provide accurate evidence to support the claim that noise exposure 
does leads to dysfunction of the auditory system due to the many 
extraneous variables that may exist. Even when it is accepted that a 
population (children, adolescents and young adults), are exposed to 
hazardous levels of music, it is confounded by the complex nature of 
hearing loss and dysfunction. For instance, the presence of middle 
ear pathology and impacted cerumen, may all prove relevant when 
examining the correlation. Longitudinal studies are necessary to 
support this further [25].

Most studies reported no significant association between pure-
tone air thresholds and exposure to loud music; however, significant 
changes in hearing thresholds and otoacoustic emissions and high 
tinnitus prevalence suggest an association between music exposure 
and hearing loss in children [30]. No difference in pure-tone 
threshold, speech reception threshold, or speech discrimination 
was found among subjects when segregated by music exposure 
level [31]. It was also noted that males were at higher risk as they 
were exposed to increased PMPs as compared to females [32]. Pure-
tone threshold changes were noticed in both conditions i.e., tested 
immediately after music exposure at discotheques and 2 hrs after 
exposure and the results were same, inconsiderate of the break. 
Threshold shifts could be averaged for 1000, 2000, and 4000 Hz 
[33]. Immediately after the threshold shift and on cessation of the 
music, a change of 1.7 dB for right ears, and 3.4 dB for left ears was 
noted. Significant difference between left and right ears was also 
noted. An hour after the exposure, right ears recovered to baseline 
conditions significantly whereas left ears showed a minimal but 
clinically irrelevant remaining shift bordering on 1 dB [33]. Hussain 
et al. [34] concluded on short term music exposure affects DPOAE’s 
amplitude and can induce temporary noise induced hearing loss 
with maximum volume settings on PMPs. TOAE and DPOAE showed 
reduced amplitudes in teenagers using personal listening devices. 

The deterioration of extended high-frequency thresholds and the 
decrease in DPOAE amplitudes were more evident in these users 
[35].

Prolonged use of PMPs does cause a TTS OR PTS, in the high 
frequencies and loud music in discotheques do cause TTS and PTS 
and this reflected in OAE’s but not in hearing thresholds, hence we 
can say awareness needs to be created among PMP users and regular 
young adult discotheques attendees. The attitudes toward hearing 
loss and hearing protection among university students is limited 
and more awareness on hearing loss and tinnitus is needed in this 
population on hearing protection [36]. There are a wide range of 
hearing protection available ranging from simple ear plugs, noise 
attenuators to earmuffs. Good and ANSI recommended earplugs can 
provide a sound attenuation of 25 dB to 30 dB. Earmuff (circumaural) 
hearing protectors, provide up to 30 dB of attenuation [8]. Personal 
music players are now available to everyone in the form iPod, smart 
phones with music applications, discman, portable stereo systems. 
Listening to music through PMPs is extremely popular among all 
ages. Leisure time activities with high-intensity music exposure 
are also very popular (music concerts, discotheques, cinema). All 
these activities may be responsible for an early hearing impairment 
(temporary or permanent hearing threshold shift, hearing loss) 
starting at a younger age. Interventions should target students 
from pre-vocational schools and should focus on increasing 
adolescents’ knowledge of the risks of loud music and how to 
protect themselves. Besides, hearing education for adolescents and 
technical modifications of PMP, volume-level regulations for PMP 
players may be warranted, even though latest PMP technologies 
having a decibel warning. There is a need for action by the relevant 
authorities and institutions to enhance public knowledge on MIHL. 
Exposure can be controlled and prevented by taking proper actions 
as suggested by Olusanya et al. [37] The regulation, output limits 
on PMPs are an incomplete solution. Headphones themselves are 
not regulated and affect output level, and sound output danger is 
determined both by the sound level and length of listening time 
[38-55].

Conclusions
The primary goals of this study were to understand how 

children and adolescents use PMPs, how their usage pattern 
contribute to the risk of MIHL in this population, and how attitudes 
and beliefs about PMP use relate to listening behavior. The study 
reported on literature review on monitoring listening behavior 
over time, providing accurate measures of listening habits that 
were previously unavailable in other literatures [56-60]. For the 
development of effective interventions, we recommend theory-
based longitudinal studies among those frequently exposed to loud 
music to assess these correlations in greater depth. Interpretation 
of the significance of these findings in relation to music exposure 
must be made with caution. MIHL is an additive process and even 
subtle deficits may contribute to unequivocal hearing loss with 
continued exposure. Continued education of young people about 
the risk to hearing from recreational music exposure is warranted.
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