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How we hear

Conscious awareness of sound takes place near
the surface of the brain when a pattern of
eectricd activity travelling up the nerve of
hearing from the ear reaches a point just below
the auditory cortex. (Figure 1) The hearing
nerve has about 30,000 different fibres, and
patterns of eectrica activity in thesefibres are
matched with other patterns which are held in
the auditory or hearing memory. The cochleg, or
inner ear which changes sound waves into these
eectricd patternsisasurprisngly noisy place,
where continuous mechanica and eectrica
activity in 17,000 hair cells can now be
monitored with sengitive, computer enhanced,
lisening devices
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Figure 1 Nothing isheard until sound patterns,
generated in the cochlea, reach the cortex of the
brain

Most of what we hear is a sequence of sounds,
like speech or music. Ininfancy, new sound
experiences are gored in an information hungry
but relaively empty auditory cortex. Later on
thereis a continuous process of matching
familiar memory patterns with those coming
from the ear. Each time a pattern from the ears
is matched with a pattern in the auditory
memory we have the experience of hearing a
sound.

Putting together these matched patterns starts a
process of evauation. Another part of the brain
close to the hearing centre isinvolved in the
meaning of what we hear, and in interpreting the
language. If it's aforeign language we can hear
the sound but may not understand the meaning.

The meaning of sound

Sound is of enormous importance in monitoring
our environment. Hearing in animads (who are
condantly in fear of therr lives because of
attacks from predators) has to be very sengtive
and specific. The ability of animasto develop
extremely acute hearing, by which they could
detect the very small sounds of an attacker a
long way off, contributed to the survivd of that
species. These warning signals produce acute
anxiety, prompting appropriate action to avoid
attack, the so- cdled survivd reflex.



We respond in the same way to the sound of a
motorcar horn, by automaticaly putting our foot
back on the pavement or sidewalk. Some sounds
can be identified as warning signds, while

others can evoke afedling of security or

pleasure. We have this experience every day
with sounds that alarm us, or sounds that soothe
us such as music, or the sounds of nature.

Conditioned responses

When a sound has specia meaning, like the
baby waking at night, or the cresking floor
board, or the sound of first our name, we
resoond to it in an automatic manner. This
happens after a short learning period, but the
responses can remain as strong as ever
throughout life. During deep, the conscious part
of the brain is 'shut down' so we don't hear, see
or fed anything. However the mother ill
wakes to the baby girring even though she has
just dept through a thunder scorm. (Maybe that's
what woke the baby!).

This shows that weak patterns of sound, if of
great meaning can be detected by subconscious
filters (figure 2) in the hearing pathways,
between ear and brain (auditory cortex).

Figure 2. Between ear and brain thereare 2M
nerve cells forming a neuronal network,
capable of sophisticated pattern recognition,
enhancement and suppression of auditory
signals.

The conditioned response aso triggers activity
outside the auditory system where there are

large numbers of connections with the limbic
system, (figure 3) which is concerned with
emotion and learning. Also activated isthe
autonomic nervous system which turns on the
body's 'ignition key', to prepare for any
eventudity, particularly fight or flight' and gets
the body ready for action.
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Figure 3 Neuronal networks between ear and
brain detect threatening sounds and activate a
reflex response involving fear/annoyance, and
increase of body functions, to prepare for
danger - the conditioned aversive response

High levels of autonomic function tense

muscles, raise heart and breathing rates, cause
swesting, and are the compl ete oppositeto the
date of relaxation. They rightly preclude deep,
or concentration on other, less important tasks.
Mogt of our day to day activity conssts of a
series of conditioned responses, executed to
order. Other examples of conditioned responses
include the famous Pavliov dog experiment. So,
each and every sound that we hear and learn the
meaning of, has an "emotiond labd" atached to
it, which may change from timeto time
according to how we fed in oursdves and the
context in which we hear it. For example the
sound of a neighbour's television set may be
acceptable, or unpleasant and intrusive,
depending on whether it belongsto awell loved
friend or relaion, or somebody € se who for
various reasons we didike.



The meaning of tinnitus sounds

In 1953 Heller and Bergman performed an
ample and classic experiment. They placed 80
normaly hearing and tinnitus free individuds
(univergity students) in asound proofed room
for 5 minutes each, asking them to report on any
sounds that might be heard. The subjects
thought they might be undergoing a hearing te<t,
but actudly experienced 5 minutes of total
dlence. 93% reported hearing buzzing, pulsing,
whigling sounds in the head or earsidentical to
those reported by tinnitus sufferers.

This smple experiment enables dmost anyone
to detect the background dectricd activity
present in every living nerve cell in the hearing
pathways as a sound. Although some areas of
the auditory system may be more active than
others, every neurone will contribute to some
extent to thefina perception of tinnitus. Its
good to think of the sound heard in the Heller
and Bergman experiment as 'the music of the
brain'.

Of those who DO experience tinnitus,
epidemiologica research shows that about 85%
do not find it intrusive, disturbing or anxiety
provoking (something tinnitus sufferers find

very hard to beieve!). The reason for thisis not
s0 much because the qudity or loudness of the
tinnitusis different; in fact we have found thet
tinnitusis of avery smilar type of soundin
those who are bothered by it and those who are
not. The main differenceis that those who find
tinnitus troublesome, evauate and perceive it as
athresat, or a the very least an annoyance, rather
than something of little or no consequence.

Just asthe animd derted to danger by the sound
of a predator focuses solely on that sound in
order to survive, o those who consider that
tinnitusis athreat or warning Sgnd are unable
to do anything but ligen to it. It is part of the
mechanism that humans have developed for sdf
preservation, dthough clearly in thisStuation it
is not working to our advantage! Many people

complain of the loss of slence, something they
previoudy grestly treasured and enjoyed, before
tinnitus became persistent.

Persistent tinnitus dependson a
conditioned response

So what happens, even in mild cases of
perdstant irritating tinnitus, isthat a conditioned
response (reaction) is st up to the tinnitus
sound (the sound evoked by background
electricd activity in auditory nerve cdls). As

this conditioned response occursin the
subconscious part of the brain, what you may be
thinking about tinnitus a any time, (or even if
you're not thinking about it), isirrelevant to the
reaction produced.

Moreover, it isthe reaction to tinnitus which is
important in creating distress. Theat is, the
degree to which unpleasant fedings about it
(from the limbic system) and increased tension
(from autonomic system simulation) are
experienced, every time thetinnitussgnd is
detected. Thismechanism isgraphicaly
illugtrated by the Jastreboff mode (figure 4)
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Figure 4 The Jastreboff Neurophysiologica
Modd of Tinnitus (1995)



Tinnitus as a new experience

When tinnitus first emergesitisanew sgnd,
there are no memory patterns, and no means of
categorizing it. Any new experience tends to
produce afeding of discomfort, due to aloss of
the 'status quo' and a change in what was
previoudy a stable environment (achangein
'homeostasis). Until proper evauation has been
undertaken of what tinnitus means, it will be
regarded with understandable suspicion. Many
'sufferers only experience mild annoyance from
tinnitus as a resut of this mechanism, but it may
be sufficient to promote the need to seek help.

Tinnitus as a threat

For many sufferers, tinnitus is quite threatening.
Some people fear that tinnitus means they have
some kind of seriousillness. Others are
convinced that the experience of 'disco tinnitus
means permanent damage to the ear, rather than
temporary protective 'shut down'. There are
patients who worry about the possbility that it
heralds a brain tumour, blood clot, or some
serious mentd illness (it will drive me mad!™)
These anxieties are dmogt dways unfounded.
Many people fear that tinnitus will get louder,
continue for ever, and cannot be cured. Even the
concept that tinnitusisinvading one's 'right to
dlence condtitutes athreat, very Smilar to the
territorid invasons that animals experience. It

is often feared that tinnitus will continue to spail
peace and quiet, interfere with concentration at
work, quiet recreationd activity and ability to
deep a night.

Unfortunately these fears may be enhanced by
professional advice, or reports from others of
their own, phobic reaction to tinnitus. Many
doctors and other professonas till advise
patients that there is nothing that can be done
about tinnitus and that it will go on for ever.
Other people fear thet tinnitus may mean that

their hearing is becoming impaired. Tinnitus
may be the consegquence of amild hearing
impairment rather than the other way around,
but is ill only twice as common in hearing
impairment to norma hearing. In any event the
threatening qudities of the tinnitus are
enhanced.

Findly many tinnitus sufferers are angry about
the treatment, or lack of treatment, or
ingppropriate advice that they have received.
They may fed quilty for having submitted to
trestment which they think is the cause of their
tinnitus. Fear, anger and guilt are very powerful
emotions which are intended to enhance
aurviva-gyle, conditioned, reflex activity, and
consequently grestly increase atention on the
tinnitus. In our experience, tinnitus improves
when the patient overcomes these fedings and
sops dweling on thoughts of injustice.

Tinnitus as a phobic state

In some patients extreme fear of tinnitus results
in a phobic date developing, very smilar to that
of the fear of spiders, frogs, small spaces, flying
etc. Many tinnitus sufferers dso have these
phobias, suggesting common mechanisms at
work. In any phobic state a dow process of
'desengitisation’ has to be used, confronting the
feared object, and learning firg to tolerateit,
and then to accept it asanorma phenomenon
that does not in any way threaten. Many aspects
of tinnitus retraining are common to these
techniques.

In many people the response to tinnitusis
milder, though dill negetive in its meaning.
Annoyance or illease exigts, and dthough strong
emotions may not be evoked, the limbic and
autonomic systems are ill being simulated to
produce aversive and intrusve emotions which
reduce life quaity. These qudlities of tinnitus,
which make people seek help, are created
outside the hearing mechanism, and therefore
cannot be helped by apurdy audiologicd or
ear-related approach.



Tinnitus Retraining Ther apy

Successtul tinnitus management in our dinicsis
aresult of retraining and relearning. Once the
tinnitus loses its Snigter meaning, however loud
it has been or however unpleasant it may seem,
it DOES begin to diminish, and in many cases
may not be heard for long periods of time. In
most cases firmly held beliefs are hard to
change.

Retraining the subconscious auditory system to
accept tinnitus as something that occurs
naturaly, does not spdl alifetime of torture and
despair, and is not athreat or awarning sgnd,
can take months and sometimes even years.
Such retraining should be guided by
professonds with experience in thisfidd
forming part of a multi-disciplinary team. For
people who aso have co-exigting or pre-exising
anxiety or depression it can take longer to
change their fedings about their tinnitus.

When we tak about retraining, thisis not

amply an abgiract learning exercise. In the
subconscious part of the brain concerned with
hearing, beyond the inner ear, but before the act
of conscious perception of sound takes place,
subconscious filters (figure 2), networks of

nerve cdls (neurona networks) are programmed
to pick up sgnason a'need to hear' basis.

Think again of the way we invariably detect the
sound of our own name, or adistant car horn, or
anew baby dirring in deep, whereas we may be
unaware of the sound of rain pounding on the
roof or surf besting on a sea shore. Retraining
therapy involves reprogramming or resetting
these networks which are sdectively picking up
'‘the music of the brain' in the auditory system.
Although these are 'nature sounds, they become
a problem because they have been identified as
athresat, ether to life, or life quality.

Tinnitus retraining firgt involves learning about
what is actudly causing the tinnitus. Thisbegins
with proper examination by an ear pecidist
followed by afull explanaion of what isgoing
on in the ear and the brain to produce the
tinnitus sound. However specidists who
themselves bdieve that tinnitusis an 'ear’
phenomenon cannot help. We are in adifficult
gtuation where the classcd training of tinnitus
being due to inner ear damage is fill very
dominant, rather than an understanding based
on the neurophysiological mode (Jastreboff P.J.
1990) — figure 4. Y ou may have experienced
this vigting other tinnitus Sites or user groups
on the internet.

We need to learn that the sounds of tinnitus
which we may interpret as disiressng, affecting
life qudity, and seemingly unending, are, in
redity the sounds of nature, coming from wesk
eectricd sgnasin the auditory pathways

which have dways been there. With gppropriate
directive counsdling (or 'retraining’) from
professonds, we can change even strongly held
views that tinnitusis a threatening and
unpleasant experience which cannot be atered.

Habituation of reaction and
per ception

The presence of any continuous stimulus

usudly resultsin a process caled habituation,
whereby the individual responds less and lessto
the simulus aslong as it does not have any
gpecia negative meaning. Thefind dagein this
process is when the signal is no longer detected,
and cortica neurones are unresponsive. With
tinnitus this meansthat it is no longer heard,
evenif itisligened for.

Retraining thergpy can achieve this. Asthe
process takes along time (often 2 years or s0),
during theinitia stages tinnitus becomes
gradudly less unpleasant (but may ill be
perceived as aloud sound). Thisprocessis
cdled habituation of reaction. Tinnitusthen
becomes quieter for longer periods of time, and



eventudly disappears or becomes a naturd part
of the background 'sound of silence
(habituation of perception). This cannot
happen, however, whiletinnitusis ill

classfied as athresat, or negative experience,
that demands further monitoring

Hearing loss and tinnitus

Oneway in which the ear itsdf does contribute
to tinnitusisif thereisahearing loss. Thismay
be quite dight, or just in the high frequencies.
Any tendency to 'sraining to hear' can increase
amplification of sound Sgndsin the
subconscious part of the brain, and increase the
ease by which tinnitus sgnal's can be picked up.
Thisiswhy it isimportant to correct any
sgnificant hearing loss with appropriate hearing
ads, aspart of overd| tinnitus management.
However, ingpt and inappropriate hearing aid
fitting by those unpracticed in tinnitus
management can make it worse, a frequent
finding in our tinnitus dinic.

In some cases changes in inner ear function may
be important in triggering tinnitus emergence

(e.g. Menieres disease or acute acoustic trauma),
however the retraining approach works
independently of the trigger factor.

It isimportant to distinguish between the role of
the ear in the EMERGENCE of tinnitus (e.g.
disco tinnitus) and the role of central processing
in the brain, outside the auditory system, inthe
determining PERSISTENCE of tinnitus and our
emotiona responseto it.

Despite the importance of hearing loss a recent
study of our tinnitus clinic patients showed
there was no significant difference in hearing
between the tinnitus group and normd
population atistics .

Wide band noise generators (WNGS)

Wide band noise generators (previoudy cdled
'maskers), have a different role to play. Tinnitus
masking was a one time thought to be useful in

that it Smply made tinnitus inaudible. In fact

this proved to be counter-productive, astinnitus,
the object of an exercise in habituation, must be
audible for habituation to occur. Habituation to
any sgnd cannot occur in the absence of its
perception. Imagine trying to habituate your
response to spiders, which you hate, smply by
avoiding them.

Much better long-term results can be obtained if
wide band noise is used at low intensties while
the tinnitus can be heard at the same time. Wide
band noise contains dl frequencies, and
therefore very gently simulates dl the nerve
cdlsin the these subconscious networks,
alowing them to be more easily programmed,
or reset, S0 that tinnitus sgnds are no longer
detected. It aso reduces the contrast between
tinnitus and otherwise total slence. WNGs on
their own may give atemporary reduction in
digtress from tinnitus, but will not achieve long-
term habituation without the other essentia
dementsof TRT - teaching - demydtification -
re-evauation - desengtisation.

Silence may not be golden

Emergence of tinnitus is often dependent on
dlence. Mogt tinnitusisfirs heard a night ina
well sound- proofed bedroom, or aquiet living
room (Heller and Bergman 1953). Persistence of
tinnitus depends on the meaning attached to it,
but also to the contrast it creates with the
auditory environment. Contrast contributes
gredtly to the intensity of any perception. Thusa
small candle in the corner of alarge darkened
room seems dazzlingly bright until flood lights
are switched on making it virtudly invisble.
Tinnitus patients should avoid extreme Slence,
and retraining programmes will often use wide
band noise therapy as ameansto reduce this
contrast. In dl cases SOUND ENRICHMENT
should be practised. Make sure thereisadways a
pleasant, nor+intrusive background sound (like
alarge dow fan, or an open window). Choosing
what isright for you may take sometime. Avoid
masking tinnitus, but have some sound present



during day and night. It is essentid that
enriching sounds do not themselves cause
irritation to patient (or partner), or habituation
will be dowed down.

Many tinnitus petients have hyperacusis
(sengitivity to externd noise) and for this reason
often seek very quiet environments. In this
respect they are their own worst enemy! (see
www.tinnitus.org for information on this). In

al cases sound enrichment should be practised,
using unobtrusive sound sources (eg. a
domestic fan, an open window), to bresk the
dlence.

Remember that dthough using wide band noise
on its own can give some temporary rdlief from
tinnitus discomfort, unlessit is combined with
the retraining approach, thereis very little
chance of permanent relief. Information,
teaching and demystification about tinnitus and
tinnitus mechanisms are the mogt vitd parts of
the therapy. It is particularly encouraging to
receive emall from tinnitus sufferers, who have
obtained relief smply from reading these pages
on aregular basis.

Otherwise where strong beliefs about the
threstening nature of tinnitus are maintained, the
surviva-style conditioned response mechanisms
in the subconscious brain ensure that it is
continuoudy monitored.

At the present moment TRT isavalablein
relatively few centres, but the techniques are
spreading and gradudly being learned and used
in an increasng number of otology and
audiology departments around the world.
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with tinnitus, and their friendsand families.
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not altered in any way. JWPH.



