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ABSTRACT

A review of the problems of noise induced hearing losshifdren, especially related to recreational music
and the use of personal entertainment devices. The pgihgsiology of noise induced hearing loss, and
associated problems (e.g. tinnitus) are discussed. The evidence for an increase in noise induced hearing
loss in children and young people is reviewed. Some practical advice (for clinicians, caregivers, and

children) about hearing loss prevention is provided.

Introduction

Pollution experts and environmental toxicologists warn us
constantly about chemical and other ddorn factors that can
be a danger to healthbut one problemthat is rarely
mentioned in thecontext of environmental hazards isoise
induced hearing losdt is timethat we seriously consider the
dangers of exposure to excessive and chronic nase the
growing evidencehat it can cause irreversible hearing loss.
Historicallyour focus on tle problemsof acoustic trauma has
been largelyrelated to adults, for examplehearing loss in
soldiers fromthe battlefields of world wars workers innoisy
industrial factories and the eallerly for whom a lifedime of
noise exposure can hasten the onset gresbyacusis (age
related hearing lossHowever, since thadvent of anplified
sound in themusic and entertainment industriesand the
growing popularity ofportable music and gaming devices in
our younger population noise induced hearing losn
children is a serious and growimgncern.

This papeis written to inform healthcare professionals more
about noise induced hearintpssin children | will briefly
describethe pathophysiologyof the hearing lossand explain
what structures of the inneear arevulnerable and can be
damagedby loud noise exposurd. will review the current
literature that relates to noise induced hearing lossaar
youth and discuss thepractical consequences of reduced
hearing ability m children (e.g. in relation teducation and
quality of life).Finally | willdescribe some educational tools
and guidelines that can help to inform us (clinicians, teachers,
caregivers) and children about the risks of noise induced
hearing loss, andffer somepractical advice on hearinigss
prevention.

Main hearing loss categories

Cochlear (sensorineural)
e.g. noise-induced

hearing loss

age related hearing loss

Conductive
e.g. otitis media
otosclerosis

Central (retro-cochlear)

e.g. acoustic neuroma
auditory neuropathy
auditory processing disorder

Figure 1. A broad classification of types of hearing loss. Whilst noise
induced hearing loss is usually categorized as a cochlear or sensorineural
hearing loss, it may also be combined with a conductive loss, and will also
impact on central auditory processing.

What is noise induced hearing loss?

As figure 1 illustrags, there is a common categorization of
types of hearing loss, which distinguéshconductive loss,
cochlear or sensorineural loss, andntral hearing disorders.
A conductive loss is anything thaduaes the transmissionf
acoustic signalso the cochlea;this can be simply wax or
other obstruction in the ear canal, or fluid build up in the
middle ear. Pediatricians will of course barfiliar with the
conductive hearingadss that can accompany otitis media. In
relation to noise exposure, it is possible to have an intense
acoustic trauma that damages the ear drum or the ntédd
ear ossites, but this israther unlikelyin infants and chiren
(unless they live in a war zonefor the most partnoise



induced hearing loss inwas the damage to delicate
structures of the innerear, particularly the hagells and is
thus categorized as a cochlear, or sensorineural hearing loss.
The thirdcaegory of hearing loss that relating toa central
auditory system disorder. | woulgoint out that we cannot
absolutelyseparate acochlearhearing loss from central loss
because any reduction or degradation of the peripheral
auditory input will have coesequence for central auditory
function. Importantly, health care professionals dealing with
infants should also recognize that in early life, the activity
patterns that are present at the cochlear level are important
for the development of the central aitdry brain, and that
cochlear disorders and even conductive loss may have
significant impact on the development of(central)
mechanism®f hearing {, 2).

Turning attention now to noise inducetiearing loss or
acoustic trauma, figures 2 and 3 show whanchappen to
the delicate haircells of the cochlea after physical institte
left panelsof figure 2shownormal hair cellsand a diagram
(for one cel) showing how the stereocilia(hairs) are
organized. These stereocilia, when defected by acoustic
sigrals cause an excitatn (depolarization) of the haiell that
leads to neural activity in cochlear afferent neusothat
make up the auditory (@ cranial) nerve. & each cellthe
stereocilia are neatly organized in a bundle. The individual
& K I A NEcrbsslimkédSand when the whole indle is
displaced bysound sigals, some ofthese links pull open
membrane ion channelsn the surface of the hairdlow of
ions (mainly ptassiun) though thesemembrane channels
changes the hatell receptor potential.] mention these
detailsto emphasizehat the micromeclanical arrangements
of stereociliatheir linkages, and the membrane ion channels
are delicate and can be damaged by acoustic over
stimulation.

Noise induced hearing loss - immediate effects

Normal sensory epithelium
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Early stages of haircell damage
after acoustic trauma

Figure 2. Scanning electron images illustrating normal cochlear haircells
(left) and immediately after noise trauma (right). The lower left diagram
shows the normal linkages between stereocilia that are disrupted or
broken in noise induced hearing loss.

Someof the first obvioussigns of acoustic ovetimulation
are illustrated inright hand images digure 2. Note how the
stereociliaappear to loose their rigidity andecome splayed
apart Clearly when this happertbe linkagesbetween the
hairs ae brokenand can no longer nthate the opening and
closing of membrane ion channels; the haircells narlonger
work as sensory recepta. Importantly, the cells cannot
recover from this state, and soomafter this degree of
damage, the celselfdestructs, (apoptosis sein; lyscsonal

I Ol A @ Adzldbe Gefidl 16 theright-hand images of figure
3 we can see how the stereocilia start to bleRA 3 S dack SR ¢
into the cell;ithere is no recovery.

In addition to the direct mechanical trauma that loud sounds
can cause to the haircellshere are also secondary effects
that can cause further damage. Just as with a brain injury
(e.g. stroke) there can be initial restricted lesidout then
cellular byproducts that are released e.g. oxidativéee
radicals, orexcessive amounts ofeurotransmitter, can cause
more extensive further damagelt is also possible that
prolonged acoustic ovestimulation canlead tolocalvascular
damageand a cochlearypoxia which in turn cancause
damageto haircells(3).

Noise induced hearing loss i haircells dying
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Haircells degenerating after damage
by noise trauma

Figure 3. The stereocilia of healthy cochlear haircells (left) compared with
cells after acoustic trauma, and in the process of complete degeneration
(right). There is no natural regeneration of haircells in the mammalian
cochlea.

We ae all born with a figd numberof cochlearhaircells. In
humans (and all other mammald)ey do notregererate and
sowe shouldtake preventative care ofthese cdls. In some
vertebrates for example in birds, similar haircelldo
regenerate aier damage. Actuallpew haircels dewelop from
local supporting cells which act like a type of stem cell. There
is evidence that in our vestibular sense organs, theceds
are capable of regenerating from supporting celisit in the
cochlea this does not happen. There is presently a
consicerable researcleffort to determineif cochlear haicells
can be made to regeerate, either by providingsuitable
growth hormones, or by finding a genetic switch to turn on



the cell differentiation process(e.g. 4, 5, 6). Presently
however the factremainsthat if we kill haircells by noise
exposure, they are lost forever

Temporary threshold shift and tinnitus

Otherthan the loss of hearing senisity, there are two other
common symptoms related to noise inducedahig loss.
One is temporary tfeshold shift (commonly referred to as
TTS)the other is tinnitus,or ringing in the earsRegarding

the former, dter expasure to a period of loud sounthere
Oty oS I dnmilS NehiddNJos$E Wehave all
experiencel this after a longair flight or bus journey or
following aloud music concertit is a period when everything
sounds quieter (your car might sound better, at least until the
next day). We tend not to worry about such experiences, i
part because there appears to lagfull recover. However, it

is widely supposed that repeated episodes of TTS can result in
permanent changes. It is likely that the noise exposure
causing TTS is altering the delicate micromechanics of the
cochlea, including those linkages between haircell stereocilia,
and that the reversibility of such insults may not be %0
Personally | would try to avoid any noise exposure that leads
to TTS.

There are a number of types of tinnitus, and not all result
from cochlear damage. Often tinnitus is transient, and indeed
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,
it is not just a warningsign buta clear manifestation of
cochlear injury. Consider thenging sound to be caused by
haircells and neurons actually in the process of dyBgch
cells generate aneural injury dischargebecause the cell
membrane breakdown causesepeated depolarization
(excitation) and/or uncontrolled release of neurotranster.

In the case of aevere acoustic traumajnnitus can persists
and becomespermanent. It has been suggted that the
initial neuralinjury dischargesets up(synaptic)connections in

a network of auditory neuronsat a more central(cortical)
brain level and that these cellscontinue to fire
spontareously (perhaps because local positive feedback
circuit is established or because localinhibitory neuron
activity is reduceyl Chronic tinnitus can be as devastating on
quality of life as a hearing ¢a Clearly any recreational
activity that induces tinnitus should be avoided.

Noise induced hearing loss is a growing problem.

| briefly reviewhere some of the current literature on the
noise induced hearing loss in children and young adiiltss

is mt an exhaustive or systematic review, but a
representative sample of studies which all point to the
growing problem.In terms of general populatiostudies a
report from a largescale US national health surviedicates
that 12-15% of school age childiénavesome hearing deficits

attributable to noise exposur€r). In Canadave have had no
large survey that specifcally addressioise hduced hearing
loss. StatisticsCanadadata indicate that 13% of children (up

to 14 years) have some hearing disabjlityut does not
separate out specificetiology. Worksafe BC (Workers
Compensation Boardf British Columbigin a large survey of
young workers entering the workforceeport that over 20%
have some early signs of hearing loss, but again this includes
all causes of hearing lossot just noise induced loss

We may not havenuch Canadian data, buthere is plenty

from other countries.In a $andinavian study8) hearing
testing of 538 teenage boys revealadearing los¢>15dB) in

15%. The characteristicef the loss indicated that the
majority were related to noise exposur8imilarly a German
review of clinical data(9) estimates that one in ten
adolescentshas some degree of noise induced hearing loss
fromat SA & dzNB lin & YeGentGhhdsé Sufl of 120
youngusers ofd LISNR 2 y | f  faAéBnpaBed heArthg R S ¢
(>25dB loss) wadound in 14% of ears(10). A Fench
audiometric surveyf 1364youngsubjecs found evidence of
hearing problemsn 12%of the general populationandin a
subgroup that often attended rock concerts, or used
GLISNB2Y |t O &adneekS66%ihad a kebkiig 6
loss(11). A similar finding waseported in a smaller group
(N=24) of German teenagerd2). Many studiesdescribe the
increase in the use of personal tertainment devices and
attendance of concerts where amplified sounds are enough

to cause noise induced hearing ldesy. 13).

Recogniing that there is a real problem, many studies have
focused on some of the specific causes, such as very loud
signals fom some cordless telephoned4), the types of
headphones or earphones used in personal entertainment
deviceg(15)and the actual levels of sound that are generated

by earphone transducers (16). In additithere are numerous
other reports on other possib sources of noise trauma for
children, incldling very noisy toysgap guns and fireworks.
Other research hasassessed the risks of noise induced
hearing loss at specifientertainment venues such as rock
concerts(17)F Y R @& dzND I y (18)drheke® everfadzo a ¢
publishedNBLI2 NI A GK GKS GAGES a/
your hearinge T ¥NRBY | /Iyl RAIFLY NB&
(19). All of these reports and studies confirm that there is a
potential problem with nae induced hearing loss at certain
entertainment events. In noise induced hearing lossom

very highlevel sound exposures, tinnitus is often reported.
For example in a Swedish study of 55 bageé8-20) who

were seeking help for tinnitus, the majorityere found to

have been exposed toexcessig noise, mostly from
recreational music(20). One study suggestedhat after
shortterm exposure to(over) amplified musi¢ tinnitus may

be more of a problem than any hearing defi@d.).

To balance the evidence, somstudieshave concludel from
their data that there is no clear link between recreational



noise exposte and hearing loss-or example, oneesearch
group concludal that most young userof personal listening
devicesare at low risk for noise induced hearing 1q22).
However these authorscautiously admitthat their study
group did not include certain high risk paofations with
greater noise exposures and go on tostrongly recommend
educational sessions about the dangers of noise expogure.
extensive Australian survey(23) also concludecdthat there
was ono widespread hearing loss cats by recreational
y2AaSés 0 dzidf recieatignkl Watterns kemain the
samé& (KS (SSy hthighNdsk far hdisé indiced
hearing loss by their mid twentieindeed there is a strongly
held view (which this author also holds) that noise exposure
effects are

cumulative.Thus,in the short termthe effects ofnoise over
stimulation may notbe obvious,but the accumulatecffects

of damaging episodes eventually lead s@nificanthearing
deficits. An important point here concerne redundancy of
haircells in the cochleaThere are many more sensory
elements than we need, and so considerable cell loss can
occur before there are clinical signs of a problem. However
with repeated insults, ourfixed complement of haircells
eventually runs out. This is one reason why noise induced
damage in early years may not be immediately manifest, but
may become a problem in later life.

To summarize on a cautious noterexent general review of
the issue ofhoise induced hearing losa relation to school
aged children (24)xoncludes that it is a major cause of
hearing loss (in the US), and thléaring impairment among
children and teenagerss on the increasedue mostly to
avoluntary exposuré to loud noise (i.e. using personal
entertainment devices or attending amplified sound
concerts)

What are the full consequences of hearing loss in children?

For most healthcare professionals, hearing loss largely
described by the results of clinical tests sucls dhe
audiogram or speech threshold measure¥he general
categories of loss range from mild, to moderate, to severe, to
profound (and each has a specific audiometric definitidn).
infants hearing canbe assessed objectively using auditory
evoked potentals or oto-acoustic emission Typically a
deficit will be described as a hearing threshold loss in decibels
(dB). 1t is important to point outthat such bag measures
whilst usefu) do not always reflect a hearing problem. It is
common to have a chilavith normal hearing thesholds but
with significant problemsn understandingspeech In other
words the ability to understand complex sounds can be
reduced before pure tone audiormc thresholds are
apparent. | would advise clinicians to recommend a
comprehensive hearing evaluation including speech
discrimination tess.

Beyondclinical tests results there atwroader ways of looking

at hearing disabilityThe World Health OrganizatiofWHO)
has ascheme for assessing aw@scribinghearing problers
(seefigure 4, lefthand panel). This modeldistinguishes [1]
impairment [2] disability and [3]handicap Impairment is the
actual loss of sensory function such as quantified by the
clinical tests mentioned aboveDisability is the & I ity
limitationé of anindividual hat results from the impairment
(e.g. a patient might not understand what you sapdneeds

to ask you to repeat words)Handicap is a measure of
Gparticipation restrictio = A ® S dhatlaChild\@iyk nioth S a
be able to do because of thkearing problem. Tis might
include making friends, keeping up at school, being
excluded from training for a certain careémnotherdholistict
approach to measuring a hearirgjsability is illustrated in
figure 4 (right panel) Hereone can separately cwder the
core, oneon-one interactions of asubject with mother, a
sibling,teacheretc. Then in the wider circle there is the task
of communcation and interactions more broadly with family
and friends Finally there is the impact of theubjectshearing
impairment on society (including economic issues,
educational achievement, employabilignd quality of life).

Schemes better understand and quantify
noise induced hearing disability

[1] the WHO model [2] Concentric circles
IMPAIRMENT:

loss of sensory function
dB hearing loss

fil cand hearo

Society

DISABILITY:
Activity limitation
fiwhat did you say?0

HANDICAP:

Participation restriction
Cand keep up at school
Cand enter certain careers

Figure 4. The consequences of a hearing loss should be considered in
broader terms than just the clinical measures of hearing threshold loss.

For a child with noise induced hearing loss, thegrde of
deficit is likely to be mild or moderate as opposed to severe
or profound. However sich a loss mighstill be a barier to
effective communication especiallyin noisy enviroments
such as the school clasem. We should also recognize that
mild to moderate hearing losses may not bienmediately
apparent to a childin the same way that mangider persons

do not recognize that theyhave age related hearing Igss
Parents ad clinicians should be vigilanend it is worth
repeating that measures of speedhiscrimination will more
accuratelyreveal a hearing problem than simpédiogram

or hearing screening testin a very young child, aring
problems can delay tguage development, and certainly if
information is being missed at school, educational
achievements can be reduced. For adolescents,



communicationdifficulties can led to social isolation, and but also the duration of the exposure that determines its
there have been reports of suicide resulting from such potentialto cause cochlear damage.

situations If hearing aid use is warranted, the adolescent may

also have problems with the cosmetic appearance of the In recent years, the manufacturers and distributors of

deviceor the stigma attached. The child may dézinot to personal entertainment devices have been providing (in
use the aid, orchooseto retreat to a small group osocal package) wenings and practical advice relating ttee risks of
isolation In any caseve canassume that theravill be quality noise induced hearing loss. | would like to think ttids was
of life implications. good corporate responsibilityas opposed to just being

hedge against possible litigation. In any case, such
In public advocacy and education campaigns by The Hearing instructions if attended to carhelp prevent nése indued

Foundation of Canadd25), one strategy for promoting hearing loss. @ such warningsuggests setting the device
KSENAY3I f2aa LINBGSyldAazy Ay Oditput ® NI®SIy2ps aR . (& 2ls GRISE pkedstre BvRl). & 2
hearing for the music (see figure 5)In other words if you Unfortunately we do not all have access to a decibel sound
love listening to your music nowpu will loose that pleasure level meter, so it is not clear how one caracticallymake

if you damage your hearinghe quality of life impact may such an adjustment.

also be felt at a later age when job opportupg are
restricted because of thhearing probém itself, or areduced
educational attainment. Theimpact may wellalso be an
economic one.

Practical advice about noise induced hearing loss

The noise in our environment is no longat & y' I G dzNJ £ £
there numerous sourcesf amplified sounds thatan damae
hearing. In (western based) industry, business and the
military, there islegislation,or guidelines and safety factors
relating to noise exposure. Inthe areas of public
entertainment (discosyock concerts, sports stadiums)nd
personal enterttnment devices (MP3 or CD players,
electronic games) regulatiors arenot in place and een if
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iT’S T0O LOUD when
you have to shout to be heard, or when
you're wearing headphones, you can’t hear
your friends talking to you.

Enjoy yourself but save your

they were it would be difficult to achieve compliance. hearing for the music. Turn
B A down the volume, wear ear

However, we do have somgublic awarenesscampaigns on ghign &t leustmeants polecup
the dangers ofnoise exposure, and here are a few away from the speakers.
educational programs in schools thaeach childrenthat Look out for the Warning Signs
hearing loss can result from listening toud sounds iy ophea o destagal R e

. Your ears "ring" after a dance, Noisy toys, motorcycie
analogy,just asmany of us were tolcat school notto look concert or playing music
directly at the suf). The Hearing Foundation of Canada TS Auring the: TV, loudler
(THFC; see website (2%5las introduced a successfptogram You oant understand your fijends
\_ .~ i - ~ o A if there's background noise
Ol f f SR &{ 22BYiRo nfaryyséhBadls, wére age You need o sit lose to

. . . . . e teacher to hear
appropriate materials mvide kids with the facts, and Everyons seems fo munibie

. . . or talk too quickly ~ -~

encourageprevention. Trs foundano_n and otherattgmpt. to s s R . =
get the prevention message out via web basetbimation ol perent or, your toscher,) hearing

portals andadvertisements Anothemstructional website is
nameddDangerous B O A § &dlisiagjoint project between
the Oregon Museum of Science and Industry and the Oregon

Hearing Research Cent@7). Figure 5. Sound Sense poster from the Hearing Foundation of Canada
(25,26), targeting young people with the slogan “Save your hearing for the
Figure 5is an informativeposter distibuted by e Heanmg music.

Foundation of Canad@5), andprovidesa guide tothe levels

of sounds thatarea potentialrisk.¢ KA & & { 2dzy R { S W?arglé)grqpﬁ gaansglllquen) havle c;)mt:e-rns akiodut the Iezj/els
is targeted toward children and young people. Note on the ot sound eXposte from personal entertainment devicean

: . he risks ofhearing | necommonproblem i ndn
table of various levels aéxamplesounds there isalso an :oeturi j Othzzev%:e(\)/ZTl?mgig ovec;cgrr?;uerrousngir:e r?oicsi/a
indication of how long an exposure to that sound can be P 9 '

considered safe. This is an important concept with regard to which itself can be substantial. | suggest that one adjusts the

noise induced hearing loss. It is not just the sound intensity device output in a quiet enironment, to a level that is
comfortable, andthen try to avoid increasing the volume

even in noisy settings. Our general auditory experience can



tell us what is amfortable and what is too loudperhaps
parents should help younger children find that levBbme
other useful advice is to get a child into the habit of checking
if others nearby can also hear the music. If so it rhayset
too loud, although this of course will depend on the type of
earphone in use (see below). Mention was made above of the
notion that it is not just the intensity of noise that is a
problem, but also the durationf exposure. In this regard, for
a young persorwho is constantly listening to music it is
advisable to take periodic 80 minute breaksto allow the
inner ear todrecover @®

Anotherissue relates to the typef earphone or headphone
used.The least risky in terms a@he potential todo damage
are the loose fit eabuds that do not insert tightlynto the
ear canal. They argypically small transducers and do not
output acousticenergydirectly into the confined space of the
ear canal. On the other hand, the listenes not insulated
from the environmental noiseand thus there is often a
tendencyto increase volume accordingly. Perhaps for the
GOl NBf Saa¢ OKAftR (KAa GeLS
more responsible, then | recommend a type of earphone that
blocks outside noise, and canhus present theear with a
better quality soundand obviate the need to increase volume
to compete with environmental noisélhese can be edruds
that fit snuglyright into the ear canal, or a larger headphone
that fits againstor around the ear. The downside for these
transducersis that they can actually produce very intense
signals either because sound energy is transmitted into a
closed space or because of the size of the transducer
diaphragm in the case of large headphonEsr the serious
music lover, active noiseduction earphones are a nice
luxury, lut I am not sure that they are very practical for
children, and may isolate an individual too much from the
outside world!

Other potential noisedangers for children inclepowered
garden and domestic equipment such awwers and leaf
blowers as well asthe recreationaluse of firearms.In
relation to the latter, here is a voluminous literature on
oFttAalAO 2NJ ahbfviLih Glationytd sha S ¢
military. Impactnoise from a gun is of short duration but at a
very high intensity, and poses a real danger to haircélisy
use of guns foskeet or target shooting, or hunting museb
done with hearing protectors; esponsiblegun clubs and
firing ranges understand thisThere is a wide range of hearing
protector types ranging from simple ear plugs, though
earmuff (circumaural) protectors, to fancy noise activated
sound attenuators (mainly for military and industrial use).
Good quality ear plugs made of expanding foan provide a
sound attenuation of 280 decibels. Ear muff hearing
protectors also provide lzout 30dB of attenuation. If one
considers that a gushot impulse noise (at closerrge) will
be over 160dBa 30dB reduction by ear plugs of muffs will
still resut in a soundexposure of 130dB. The cautious youth

or guardianmight consider a 60dB protection by wearing
both earplugs and ear muff protectors.

| started this paper by describing the hairaddistruction that
can result from acoustic traumand the fact that there is no
recovely of such haircells. In this sensethere is really no
treatment for noise induced hearing loss other thaearing
aids but these cannotfully restore normal hearing This
being the case, we should all pay consideradiention to

hearing loss prevention.
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