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Abstract

This paper presents a neurophysiological approach to tinnitus and discussesiits clinical implications. A hypothesis of discordant damage of inner and
outer hair cells systems in tinnitus generation is outlined. A recent animal model has facilitated the investigation of the mechanisms of tinnitus and has
been further refined to alow for the measurement of tinnitus pitch and loudness.

The analysis of the processes involved in tinnitus detection postulates the involvement of an abnormal increase of gain within the auditory system.
Moreover, it provides a basis for treating patients with hyperacusis, which we are considering to be a pre-tinnitus state. Analysis of the process of
tinnitus perception allows fur the possibility of facilitating the process of tinnitus habituation for the purpose of its alleviation.

The combining of theoretical analysis with clinical findings has resulted in the creation of a multidisciplinary Tinnitus Centre. The foundation of the
Centre focuses on two goals: the clinical goal is to remove tinnitus perception from the patient's consciousness, while directing research toward
finding a mechanismbased method for the suppression of tinnitus generators and processes responsible for enhancement of tinnitus-related neuronal

activity.

Neur ophysiological approach

Introduction

Tinnitus prests an enomous  chdlenge for  dinidans
and rezarches It is an extremdy prevdent disorder,
srioudy dfecting dout 10 million people in the USA,
with the totd number of timnitus sUfferers edimated to
be in the range of 40 million in USA (McFadden, 1982)
with a dmilar ratio in the UK (Coles 1987). For about
one million of the dflided, tinnitus presats a
deblitating problem, exduding them from nomd life
and, in ome cases caudng such affaing that they
condder committing suicdde About 85% of the petients
seking hdp from otdlogids have tinnitus  (McFadden,
1982). Importantly, if nothing is done to hdp tinnitus
paients these numbes will only increese since tinnitus
afects about one third of the population over 65 years
of age (Sadoff et al., 1987) and in indudrid countries,
life gpan increeses continuoudy.

Tinnitus management is practised variabdly, and
often separady, by phydsdans audiologiss —hearing
thergpigts,  psychologiss and other hedth cae
professonds Long-term results ae generdly poor and
may petients continue to auffer from chronic tinnitus
which ggnificatly inteferes with many agpects of thar
life The common goproach from mod professonds is
to send the paiet home with the advice tha 'nothing
can be done and you will haveto learn to live withiit.

Neurophydologicd  andyds of  the  tinnitus
phenomenon and experimentd work usng our animd
modd of tinnitus (Jestreboff et al., 1988; Jedreboff et

al., 1991; Brennan and Jadreboff, 1991; Jadreboff,
1992, Jedreboff and Brennan, 19923 Jedreboff and
Brennan, 1992b), however, has provided a new
goproach to tinnitus and its treatment. A behaviourd
paradigm dlows us to messure the presence of tinnitus
edimete its pitch and loudness (Brennen and Jedtreboff,
1991; Jedreboff and Brennan, 19928), and then use
dectrophysiologicd, biochemica and
immunocytochemicd  techniques to reved dnormdities
repongble for tinnitus perception and through this to
sk new methods of its dlevidion. The process of
identifying effective trestment drategies is fadlitated by
combining basc sbence ressach  and  dinicd
goproaches For example,  hypotheses  dbout  tinnitus
mechanians can be vdidaed by teting them on our
dinc pdients and smultaneoudy modds of tinnitus
based on our dinicd expeience can be subjected to
rigorous andyssin animd modds

In this pgper, we ae dexribing tinnitus from
the point of view of gened neurophysology, indicaing
the dinicd implications of theordticd divagetions, and
their correspondence to present dinicd  findings. The
concept of our Tinnitus Centres, ther dructures and the
process of diagnods and trestment of pdiets is
explaned udng neurophysologicd  knowledge as a
frame of reference.

Development of the Tinnitus Centre concept

In Bdtimore, the combingion of theordicd andyss
ad besc resach findings with dinicd daa from
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London, accumulated dnce 1976, has resulted in the
cedion of the mutidsdplinay Tinnitus Cetre The
foundation of the Centre is bassd on two gods (i) a
dinicd god to implement the mogt effective methods to
hdp tinnitus petients and (i) a basic reseach god to
find a mechanianbasad mehod of suppresson o
tinnitus generdors

We dated by trying to ansver the question,
‘Why is tinnitus 0 difficult to ded with? There ae a
number of reesons Frg of dl, in the vaadt mgority of
caes tinnitus is a phatom  auditory  perception,
pecaved exdusvdy by the paiet. In only about 4%
of dl ess=s may thee be an objettive corrdae to
soontaneous  otoecoudtic emissons (Penner, 1990), and
the frequency of other somatosounds is  dmilar
(McFadden, 1982).

Phantom  peogtion  cannot  be  messured
objectivdy, as yet. All work, until recent years, has been
bassd on vebd inteviews with pdients or by
pafoming a psychoecoudicd edimation of  tinnitus
paameters. Evduations of treatment based on thee data
ae gengdly unhdpful, and cortaminated by placebo
efects, often in the range of 40%. Therefore, dl data o
obtained should be assessed with great care before it
becomes abads fur accepted dinicd practice.

The optimd formula would be an objetive
mahod for tinnitus evdudion in humas  Some
atenpts have been made (Jestreboff et al.,, 1982a
Jegtreboff et al., 1990; Schreiner et al., 1990), but none
has been vdidaed. Furtheemore, human research s
redricted for ethicd ressons and dgnificant progress in
the wok on the mechenisms of tinnitus and new
methods for its dleviaion has been redrained because
of the lak of a vdid animd modd of tinnitus Only
recently such a modd has been proposed and vdidated
(Jedtreboff et al., 1987; Jestreboff et al., 1988; Jestreboff
et al., 1986), opening new dimendons for the work on
tinnitus

The seoond difficulty is that tinnitus is a symp-
tom and not a dissese Thee is an enormous varigy of
dydunctions within the peripherd or centrd pats of the
auditory sygem which might resit in  tinnitus
Moreover, many of these anormdities ae not essly
identified by any efect on hearing. Therefore, eech case
has to be evduaed individudly; we cannot expect to
find one trement which will be dfedive in the
mgority of cases.

The third problem realts from a lack of a
proven mechanian(s) of tinnitus Thee ae may
different  hypothesss (Kiang et al., 1970; Sdvi ad
Ahroon, 1983; Hazdl, 1987; Moller, 1984; Moaller 1987,
Eggermont, 1990; Tonndorf, 1981; Tonndorf, 1987,
Jadtreboff, 1990) but none has been proven yet, meking
it impossble to work a mechanianbased gpproach to
trestment.

The fourth problem is created by the extremdy
drong imprinting of the tinnitus sound petten in the

patients centrd nevous sydem. The paddence of even
psychoacoudticaly week  tinnitus  perception  and  its
frequent resgance to maesking ae cordlaies of this
podulate. One important dinicd prediction is that even
if a tinnitus generator is suppressad to a lage extent, the
perception of tinnitus is dfedted to a much srdler
degree.

Fndly, dinicd daa dealy shows tha in
petients with  ggnificant  tinnitus  the  perogption  of
tinmitus hes powafu connections with the emationd
gydem (Hdlan et al.,, 1984), which ae difficult to
modify. Pdients exhibit strong emationd  reections to
the sound, which when evduaed psychoacoudicdly
gopear indgnificat, but nevethdess are cgpable  of
beng pecaved &  intrusve  sounds causing
condderable didress (Mekleet al., 1984).

Neurophysiological basis for tinnitus

A theordticd andyss of tinnitus from the point of view
of neurosdence has dready been published (Jestreboff,
1990) together with some of the dinicd implications. In
this pgper, only the man points ae presented, dressng
thar dinicd importance.

The fird resit of this andyss yidds the
hypothess thet even tinnitus of the cochler type mugt
involve anormdlities of both cochler function and the
processing of tinnitus-rdaed dgnds within the nervous
sydem (Jestreboff, 1990). In each esse we may have to
account for seved peiphed as wdl s centrd
components, which  contribute, each to a different
extet, to the find product - tinnitus perception and
evdudion by the paient. As such, tinnitus is a disorder
of peception and should not be thought of as a
percegption of dgnds originding from a sngle locdised
geneaor.  We theefore rget  the  amplified
dasdficgtion of timnitus bassd on its gengdor or
supposed  adiology. Our  hypothesis  reflects the wel-
edablished corogpt of pardld processing of information
within the nevous sydem by interconnected neurond
neworks  (Goldmen-Rekic, 1988; Jestreboff, 1990).
Although this hypothess sounds exteric, it hes
profound dinicd implications.

The next condusion is thet the differentiaion
of the process by which tinnitus emerges, can be divided
into three dages (i) generdion; (i) detection, and (i)
perception and evdudion. Generdion occurs usudly  a
the peiphay (dthough it may be cetrd) and in the
mgority of cases can be asocaed with disorders
occurring in the cochlea or the cochler neve The
process of detection occurs a the leve of the subcorticd
centres and is based on paten recognition.  Findly,
pacgption and  evdudion of tinnitus-rdaed  adtivity
occurs in the auditory cortex, with condderdble and
donificat  patidpdion of the limbic sydem, the
prefrontd  cortex and severd other  corticd  aess
(Jestreboff, 1990).

The gengdion of an anomd dgnd, which
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will in a cascade of evets yidd the tinnitus perception,
can depend on a number of different mechaniams and
their interaction, a ddaled description of which hes
dready been published (Jedtreboff, 1990). Briefly, some
man caegories can be liged (Kiang et al., 1970; Sdvi
and Ahroon, 1983; Hazdl, 1987; Moaller, 1984; Modller,
1987; Eggemort, 1990; Tonndorf, 1981; Tonndorf,
1987; Jedreboff, 1990): (1) discordant damage of outer
(OHC) ad inner (IHC) har cdl systems (2) crosstdk
between the VIII nerve fibres, (3) ionic imbdance in the
cochlegy, (4) dysfunction of cochlear neurotranamitter
gydems  (5) heterogeneous  adtivation of the efferent
sysem; (6) heterogenous activation of Type | and |l
cochlegr efferents

The hypothess of discordant damage to OHC
and IHC sygem might be of paticular interes snce it
provides a usfu link in combining a number of
semingly  different  proposds about  tinnitus  generdtion;
for example, the edge-effects (Kiang et al., 1970; Sdvi
and Ahroon, 1983, Penner, 1980), efferent sydem
adivation, igylaeinduced  timnitus  (Stypulkowski,
1990; Jedtreboff, 1992; Jedtreboff', 1990), and proposas
in which andogies ae dravn  between  tinnitus and
chronic pain (Tonndorf 1987). The discordant damege
hypothess podtulaes thet tinnitus is generated on the
potion of the bedla membrane where thee is
presavaion of IHC but damaged or temporaily
dyfunctiond OHC, a common pethologicd finding
(Bohne and Clark, 1982; Bohne et al., 1987; Liberman,
1987; Libeman and Dodds 1987, Libeman ad
Muroy, 1982; Liberman and Kiang, 1978).

One of the predictions of this theory is that the
prevdence of pecaved pitch of tinnitus should be
locdized dose to the dope on the audiogram in cases of
paients with hearing loss Such a dtudion is frequently
observed in dinicd practice (Hazdl, 1987; Haezdl et al,
1985). Furthemore, this hypothess explans the
occurrence of tinnitus in petients without hearing loss
& diffuse damage of up to 30% of OHC can occur
without ay assodated detecteble hearing loss (Bohne
aid Clak, 1982). However, a pdient with locdized
damage of OHC, but intact IHC, will not exhibit a
hegring loss in dandard audiologicd evaduation, but due
to the discordant damage of OHC and IHC, the petient
may have tinnitus with a pitch dose to the characterigtic
frequency of the dfected pat of the oochlea
Furthermore, it might be possble to identify these aress
of limted damege by means of otoecoudic emision
(OAE) digortion products which are thought to rdae to
OHC adivity (Brown & al., 1989; Haris et al., 1989;
Wieg et al., 1988). Prdiminay daa from our patients
indicates thet tinnitus pitch may wel be assodaed with
aonormd  OAE didortion products even before any
abnormdlity is noted on pure tone audiometry.

The mejority of agpproaches in the pest have
been added by the concept of dtenuding a tinnitus
gengdor by the sole process of menipulaing it with

phamecologicd,  surgica o progheic  means
(Shulmen, 1992; Dobie et al, 1992, Podoshin et al.,
1991; Hulshof and Vermej, 1987). Thexe dtempts were
sdom effective and none have provided prolonged and
conggent benefit in asgnificant proportion of cases

Generation and detection

Our expaimeatd work, utlizing an animd modd of
tinnitus, points out the inportance of cddum
homeodads in  tinnitus generdion, & wdl a the
posshility of udng cetan cdcdum channd blockes in
tinnitus  dlevidion (Jestreboff and  Bremnan, 1988;
Bobbin et al., 1990; Jedreboff et al., 1992b; Jestrebuff
et al, 1991). This work, once propely adapted for
human goplication, might yidd one spedfic method of
deding with cochlear generators of tinnitus

The next dage in the emeargence of tinnitus is
the deedion of ftinnitusrdaed dgnds from the
beckgound  of  neurond goontaneous  adtivity.
Neuroscience principles point out that this process is
bassd on a paten recognition principle and occurs a
subcorticd  levds (Capenter and Grossberg, 1987
Grossherg, 1987). The adility of the centrd auditory
gydem to extract dgnds on a bads of presst criteia
dlows for the deection of, and orientation towards,
important sounds (even though they be of low intengty)
while & the same time ignoring other  environmentd
sounds (which may be quite loud). The underganding of
ths mechenism hdps in the explandion of severd
otherwise puzding fedures of tinnitus its usudly rgoid
emergence, pasdence in - gite of low levds of
percaved loudness and the phenomenon of resdud
inhibition (Jestreboff, 1990).

Fom the dinicd viewpoint, other features of
the deection process ae of dgnificance paticulaly
neurd-network  based  decoding  of  information
(Carpenter and Grossberg, 1987; Grossberg, 1987) and
the plagicdty of the nervous system. The concept of
decoding information by neurond networks dictates thet
once a catan paten has been dasdfied, even if the
iniid simulus is dgnificantly reduced, the deedion of
this dgnd is dfedted to much grdler extat. An
everydey expaience of this feaure is our ability to
detect and interpret the <oft sounds of our native
language, even when immeased in ewvironmentd noise
while dear, louder sounds of a fordgn languege ae
difficult to dassify and are frequently Smply ignored.

In the cae of tinitus once the abnormd
patern of neurd ativity is detected and dasdfied, it
can be vay perdget. Badc neurosdence predicts thet
it should be posshle to reverse this petern recognition
process by expodng the patient to low levds of white
noise for long peiods of time White noise should
interfere with the patern recognition process meking it
more dfficut to sgpaae the tinnitus dgnd  from
background neurond activity, and if there ae no other
proceses enhanding recognition of this dgnd, then the
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pattern could become no longer detected.

Although theoreticdly possible this process is
dfficult to accomplish. Surprigngly, however, it does
sem to occur in a gradudly increesng proportion of
tinnitus  patients dter sved yeas of tresment
(Shddreke and Hazdl, 1992). These patients, dfter years
of udng so-cdled ‘tinnitus maskers become unable to
percave thar tinnitus ay more There is dill the
quetion of whehe thee pdiets ae dgnificantly
dffeent from a few untregted paients who experience
goontaneous full recovery and more daia are needed to
daify this point. Wheress this obsarvation is interesing
for a beter underdanding of the mechanians of tinnitus
it hes limited impact on dinicd practice due to the time
required for the symptomitic improvemert.

Tinnitus and Hyperacusis

Padicty in the auditoy sydem has been dealy
demondrated (Sasaki et al., 1980; Gerken et al., 1986;
Gerken ci al., 1985; Gerken et al., 1984; Gerken, 1979;
Svi et al., 1992, Hvi et al., 1990). Inportantly, even
a tempord deesse in auditory input resuts in an
increese of sendtivity of neurons within the subcorticd
catres (Gerken et al., 1986, Gerken et al., 1985
Geken et al., 1984; Gaken, 1979, Sdvi et al., 1992
Svi et al.,, 1990). These obsavaions provide an
explanation to the wdl-recognized phenomenon thet if a
person with normd hearing is deprived of auditory input
in an anechoic chamber, the peason will expeience
increesad  hearing  sendtivity, dat to hear extremdy
wek sounds and frequetly experience tinnitus The
implication of these findings and the postulae of the
involvement of subcortical processng in tinnitus is thet
in ocatan cases tinnitus might be due to such an
increesad gan  within the subcortical centres  of  the
auditory sysem. As auch it can be trested by a method
amed a decreedng this gan; that is heaing ads or
white noise generdors incorporated into a protocol
which employs a vay gradud increee of such auditory
input over prolonged periods of time Dda from the
fidd of neuroscience dresss tha revesd of thee
pladic changes requires prolonged periods of time
mesared in weks o months Clinicd daa  fully
upport this gpproach (Sheldrake and Hazdll, 1992).

Andther ramification of this hypothess is thet
hyperacuss can be regaded as a pretinnitus deae
Hyperacuds is a manifestation of increesad centrd gan
(Cdes and Sood, 1988, Hazdl and Sheldrake, 1992
Jadreboff, 1990). The frequent occurrence  of
hyperacuss  with tinnitus  often before  tinnitus  onset,
futher implies its rdaion with tinnitus This opens the
posshility of tinnitus prevention in cases of hyperacuds
without tinnitus We have podulaed that hyperacuds
both with ad without dggnificatt tinnitus can  be
effectivdy tregted by the gradud introduction of white
noise and should be tregted dmilarly to tinnitus resulting
from abnormd gan increese (Jedtreboff, 1990). The

dfectiveness of this goproach has now been documented
(Hazdl and Shddrake, 1992), and we are uilizng it in
o tinnitus dinics in Bdtimore ad  London.
Importantly, this hypothess offers the posshility of
ealy deection of a susceptibility to tinnitus and early
prevention of it.

Association and evaluation

The find dage of timitus emergence is its perception
and evdudion, with the involvement of seved corticd
aess and the limbic sysem. The paten representing
tinnitus is rdaed to a libray of patems in auditory
memory and dso, by refaence to the limbic sysem,
asodaed with an emationd dae  Unfortunady  for
those affeing (raher then jut expeiendng) tinnitus
the emotiond asodations ae usdly  extremdy
negaive. When tinnitus emerges, a person is concerned
tha it might indicate the pressnce of a bran tumour,
droke, the fird dage of totd hearing loss or 'going
med, and tha tinnitus will lag forever and nothing can
be done aout it. Usudly the tinnitus sufferer saks
avice from a famly phyddan ad lae an
oolayngologis to lean tha thee is no clear
explandtion for tinnitus and that indesd, nothing can be
done and they will have to live with tinnitus forever.
Commonly, this prompts a seach for further spedidigt
opinions, only to have this initid diagnods oonfirmed
on eech occason. Indeed savere tinnitus didress can
often be linked to the large number of consultations
(often in excess of 20) petients have obtaned on ther
travds seeking the cure for tinnitus

This process can be dasdfied as 'negdive
coundling ad rests in the enhavement ad
Llidficaion of the intid avesve asoddion of the
perogption of the tinnitus sound with emotiond  date
Once edablished, this process becomes a vidous cirde
(eptly termed the 'heedless chicken dage), resulting in a
firm oconsoliddtion of deedion of the tinnitus-rdaed
patern and edablishment of a drong negative reaction
towads tinnitus As a redt, the normd auditory
hebitugtion to repested sounds cannot occur, and the
more a patient is concaned about tinnitus and focuses
on its presence, the more prominent tinnitus becomes
Fndly, paiets may reet drongy to even rddivdy
wek and intemittent tinnitus  living in condant fear
and dread of it.

This dage of the evdudtion of the tinnitus
dgd is of fundamentd dinicd dgnificance because
thee corticd asodaions can be modified much more
edly then oconneions  within - subcorticd  centres,
involved in the paten recognition process. Behaviourd
neurophysiology hes shown tha it is possble to tran a
ubject to be drad of any paticular externd sound and,
using more time and effort, to retran the subject to
hebituate to this sound and ignore it totdly. The same
principle can be goplied to tinnitus patients.

Thus, the present clinical goal in treating
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tinnitusistoremoveitsperception from thepatient's
consciousness and to initiate and facilitate the
process of tinnitus habituation. At the same time,
animal resear ch is centred on finding a mechanism-
based method for suppressing tinnitus generators.

Clinical implementation

Introduction

The theoreticd andyds dready outlined in this pgper
hes profound dinicd implicstions which detemine the
process of diagnods and treatment of paients. Focusing
trekment on the behaviowrd reraning of, the
asociaions  induced by tinnitus  perception and on
inducng ad futhe fadliting the proces of
hebituation of tinnitus per ception is conssquentid to 4l
dages of interaction with the patient.

In determining the optimd treetment, the exact
caue of locd cochlear damage is largdy irrdevat (eg.
noise vird infection, ototoxic drugs). However, it is
citicd to deemine if anomdly high gan within the
auditory sydem occurs Smilaly, while it is intereding
to have an audiomdric edimaion of tinnitus loudness
more infformdive is daa on tinnitus  maskahility,
induding changes in tinnitus percgption while  gredudly
increedng the levd of white noise presanted to the
paient. The peient's assodiation of the perceved sound
of tinnitus with pest experiences is important, as wel as
petient evduation of psychologicd and socd problems
resdting from heaing loss These iswues dictae our
diagnodic drategy, and deemine what ae the mogt
important questionsto ask and tegsto perform.

Therefore, the diagnogs is focused on  the
evdudion of a psydologicd bess for dtered
perception, and identifying the psychologicd agpects of
percaved tinnitus The dandad generd medicd and
atolaryngologicd  evdudions are induded, but on ther
own thee ae uxdly uninformaive While importat in
detecting other medicd problens and  somaosounds,
which ae rdevat to the tinnitus complant in only a
andl proportion of ceses (less then 5% in our dinics),
thexe ae dedt with sgparady. Additiondly, daa is
collected to etimae the integrity of OHC and IHC
sydems and is usd in the evdudion of a potentid
cochlear generator.

According to this neurophysiologicd  gpproach,
the present gandard trestment is amed a the retraining
of abcoticd ad ooticd cares invoved in
processng  tinnitus  dgnds  without  dtempting  to
uppress the tinnitus generator, which a the present
dage of our knowledge does not sem to be
gydemdicdly possble  Thee processss involve
changing the srength of functiond connections between
neurons involved in the proocessing of tinnitus-relaed
sgnd, with the god of decressing tinnitus detectability
and the transmisson o timitusrdated dgnds to
emationd centres in the bran. This process involves the
occurrence of  permanent metabolic and  morphologicd

changes a the syngpses connecting these neurons and
therefore requires a subgtantid amount of time The time
required for trandormaion of dready edablished
gyngptic  connections  is  reponsible for  the rddivey
dow process of dinicd improvemat messured in
months, with the ultimate bendfit being reeched dfter
aout a year to 18 months On the cther hand, the
podtive consequence of a@ming our goproach on pladic
gyngptic  trandormations  is  that, contrary to  other
methods, once this sage is achieved there is no nesd fur
futher sygemdic intervention. The modfication in the
processing of the tinnitus sgnd is achieved by utilizing
methods of cognitive thergoy with highly spedific and
directive coundling, and & the same time decressng
detectability of tinnitus by introdudng a low levd,
neurd  acoudic  dgnd, typicdly  white  noise
Hyperacuds is dedt with by a prooes of
desendtiztion, agan  usng  weardble  white  noise
generdors, with the dgnd levd adjuded gradudly
according to our protocoal.

This gpproach seems to us to be optimd, while
we do not presently have an  effecive method of
donificatly  atenugting  tinnitus  generators o the
posshility of phamecologicdly dteing dnormd  gain
incceexe or pdtens of abnormd adtivity within  the
auditory pathways Once progress is made in this respect
ad it is posshle to atenuate rgpidy the perception of
tinnitus  the behaviord retraining  technique  should
become complementary to  pharmacology. Neverthdess,
we aticpae that this goproach will ill be required,
shat of tod thageutic dimindion of tinnitus
perception.  Othewise the percgption of even  week
resdud tinnitus dgnds may undergo  enhancamet,
retuning the patiet to the initid dage of didres
which, a our dinicd expeience and research data point
out (Hazdl 1985), is nat dmpligicdly rdaed to tinnitus
loudness.

Diagnostic procedures

In accordance with our goproach every patient is
evduded in an individud menne. There ae ogatan
differences in emphads between Bdtimore and London
dinics with higher dress on accuracy of messuremert,
hyperacuds and (previoudy) with evdudion of OAE
digortion products only in Bdtimore.

In Bdtimore, the bedc audidlogicd evaduations
dgmila to the one peafomed in the mgorty of
audiologicd  centres except thet by incorporating some
methods used in  psychoacoudicd  laboratories  the
accuracy of messurements is increesed. This particularly
goplies to the hearing threshold evduaion, pitch and
loudness of tinnitus maskability of tinnitus  ad
loudness discomfort levds To assess damege of the
OHC, we ae pafoming messuremets of the OAE
digotion product, with a high frequency resolution,
when typicd 10 points pe odave messurements
indicate the need for higher predson. The meesurement
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of the didortion product dlows us to etimae the
funciond integrity of the OHC sydem (Aven ad
Borfils, 1992, Lonsbury-Matin et al., 1987, Matin et
al., 1987; Segd et al., 1982, Lonsbury-Matin et al.,
1991; Haris et al., 1989), and by comparing these data
with a dealed audiogram it is possble to edimae the
preence of discordant damege in the har odl sysems
Furthermore, these data are rdated to the edimated pitch
of ftinnitus In accordance with the hypothesis  of
discordat damege of the OHC and IHC sygems
(Jestreboff, 1990) we ae compaing the pure tone
audiogram  with  didorion  product  messurements
saching for frequency ranges wheae  digortion
products are digoroportiondly smdler then that which
might be predicted from the hearing loss Such daa
ggest the preence of locdized aress on the badlar
membrane where there is noticesble OHC loss ad
where IHC ae reasonably intact. Snce the theory
predicts thet the dominant tinnitus pitch is locdized near
the bottom of the dope of audiogram, this prediction is
checked aswell.

Prestly there ae no daa proving or
disoroving the hypothess of invovemet of the efferent
gydem in tinnitus gengrdtion and  moduldion, nor is
there a proven too for the messurement of efferent
adivity, preduding the evdudion of the dae of the
dfaat sydem as a routine dinicd tod for tinnitus
paients  However, it is plausble tha the dfeaent
sydem might be invoved in modulaion of primay
cochler tinnitus generators, dnce  physiologicd  data
dealy show the changes of the mechanicd propeties of
the organ of Corti and the modulation of the ative
processes which occur in the cochlea as a rewult of
increesed  effaret input (Pujol, 1991; Rinket et al.,
1989; Liberman, 1989; Liberman and Brown, 1986;
Segd and Kim, 1982; Waren and Liberman, 1989). In
this regpect, the accumuldion of data on inhibition of
the otoacoudic emisson by enhancemat of the adtivity
of the efferent sysem induced by contrdaerd low levd
auditory dimulaion is of interes (Mot et al., 1989;
Norton et al., 1989; Velillet et al., 1991). This method
might provide a usful tod for invedigding the
inoverent  of the effaent sygem in timnitus  The
expagimetd  human wok on  evdudion of the
corectness  of the efferet sysem hypotheds s
presatly in progress in London, while in Bdtimore the
modulaion of heaing threshold by contrdaerd low
levd noe is used to edimate invdvemet of the
eferent sysem in some patients.

Fndly, speech recognition tests combined with
ineview hdp us in the rdaive raking of the
importance of impared communication <ills v. the
impact of tinnitus Information obtaned from 4l
audiologicd messuremets hdps to  assure  tha
audidogicd problems other then tinnitus ae not
ovalooked, asS9s in the dedson of wheher
eadficdly sdected hearing ads might be gopropricte

in tinnitus treament, and contributes to a determingtion
of whehe the tinnitus generator is locdized in the
cochleaor a ahigher leve.

Seedific  tinnitus  teds indude evdudion of
hyperacuss and psychoacoudicd  propeties of tinnitus,
paticulaly the process of its maskability. Theoreticd
andyss points out that even mild hyperacuss indicates
the presence of incressed gan within the auditory
pethways, which then yidds anormd enhancement of
peaiphad dgnds induding tinnitus. In some casss, this
factor done can be respongble for tinnitus dmilaly to
tinnitus percaved by the mgority of people who are
tempordly deorived of sound in an anechoic chamber
(Heller and Bergmann, 1953). Therefore, hyperacuss is
evduaed caefully by both diret frequency pecific
messurements of loudness discomfort, and by a dealed
asxImet to deet ay intdeance of  edfic
avironmentd sounds  Allevigion of such  hyperacuds
is the fird de in deding with ay coexigent ad
digressing  tinnitus  Messrements  of  hyperacuds
performed during subsequent vidts provide an important
indicstion of the progress of treament (Hazdl ad
Sheldrake, 1992).

A ddadled medicd examinion fdlows This
examindion evduaes the generd medicd daus of the
patient and other potentid medicd problems but focuses
paticulaly on psychoogicd agedts of tinnitus
perogption. The quetions ae amed a finding out the
inter-rddtions  beween  tinnitus  perogption . and
emationd reactions to it, a precise determination of the
petient's view of tinnitus its likdy devdopment and its
possble impact on life or life qudity. This information
is esertid for proper adjustment of the trestment
protocol.

Treatment strategies
From the presanted materid it isdear that our
goproach is based on the wok of the multidisaplinary
team, whee evay membe of the team contributes
soecidized knowledge to the patient evduation.
Consquertly, in the next dep there is a short mesting of
oiolayngologisd, audidogis  and  neurophysiologig,
who, together, review the daa ad eddish an
gopropricte  tretment  programme talored  to  the
individud case Our gpproach does not involve drug
tretment or surgary, unless this is sgpaady ad
medicaly indicated. Even where otosurgary is a dear
option, proper work mugt firg be done to prepare the
paient for futher timitus treament which will be
necessary if tinnitus atenution is not complete

The primay demett of thergoy is to provide
the patient with the underdanding of wha causes ther
tinmitus Therdfore, direttive counsdling plays a vitd
role in each case The physology of the auditory sysem
is explaned to the patient, with a detaled explangion of
the mechanian of tinnitus which is mos probably adting
in higher esse In nearly dl casss of tinnitus the patient
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feds threstened by the tinnitus It is importat to
identify these goedific anxieties aoout tinnitus, to retran
thinking and to presant tinnitus as a benign and harmless
phenomenon, which can be reduced and sometimes
eradicated by appropriate trestment. At the very lesst we
find it is possble to dgnificantly reduce didress evoked
by tinnitus

When patients fird vidt us they ae often vey
depressed, axious damed and fixed in their bdief that
nothing can be done about thar tinnitus Even if others
have been hdped, they ae unique in thear podtion of
baeng unhdpable They ae terified thet thar problem
will be labdled ‘psychdogicd’. Srongly hed bdiefs
teke time to change, and adequate discusion time
(never less than one hour, and often more than two)
must be dlowed to dat the process of changing these
bdiefs In addition, gopropriate sequentid  renforcement
is needed 0 tha thee new idess can firg be
undergood, and then used to replace the origind in-
gppropridte  fedings dout  tinnitus, which  were  the
caue of ddress Typicdly four to 9x vidts may be
needed over an 18-month period. Only professonds
percaved by the patient to underdand the exr and the
auditory sydem ae dfetive in this ealy dage of
directive counsdling.

The process of a cognitive thergpy, as outlined
above is affidet done in aout 15% of esses
(induding both authors. Providing the patient with
knowledge on the physoogicd bess of tinnitus cregtes
an ewironmet for introdudng the second, acoudic
demat of the treament, amed a decreadng tinnitus
ddettability and fadlitating the process of tinnitus
habituetion, initiated by the cognitive thergpy.

In the mgority of cases this dement of the
trestment is basad on the use of low levd, dable, white
noie to intefere with tinnitus perception and reverse
the increae of the gain in the auditory sysem. This is
achieved by usng a wearable white noise generaor
(previoudy cdled a ‘meske’) but with the dear
underdanding that the god is nat to mask the tinnitus in
the psychoacoudicd snse According to  behaviourd
retraning theory, masking is actudly counterproductive
dgnce for reraning to occur the simulus being retrained
has to be pecaved during traningd Theefore
perogption of tinnitus has to be present during the
process of retraning, dthough for changing of the
gyngatic  connection it is hdpful when tinnitus  dgnd
within the auditory pahways is patidly atenuated.
White noise causess an incesse of the mean neurond
adivity within the auditory sydem, meking detection of
the timitusrdated sgnd more  difficlt and  thus
fadlitaing the process of hebitution. At the same time
the perogption of white noise dgnd is rdaivey essy to
hebituste by the patient, and when kept a low levd it
intefares to the leesd extent with the perception of
extend sounds. Furthermore, as predicted by theory
(Jedreboff, 1990) and confirmed by experimentd data

(Hazdl et al., 1985), the observation tha tinnitus can or
cannat be totdly masked has no rdevance for predicting
the outcome of the treatment. Importantly, petients in
whom it is impossble to mak timitus and who
therefore would not be accepted for masker thergpy, are
pefectly proper candidaes and ae beang hdped
gydemeicdly. Snce mesking of tinnitus is not crudd,
another  obvious impliction of the neurophysologica
theory is the irrdevance of shgping the masking noise to
opimdize masking of tinnitus The bet sgnd is the
one that provides dable random exdtation of neurons
involved in processing of acoudic informdion in &
wide frequency range as posshle Such a dgnd is
opimd for intefaing with the exradion of tinnitus
rdaed activity from the background and for essy
hebituation.

On the other hand, the theory predicts that as
long as an additiond exdend dgnd is emationdly
neurd, <0 it is not indudng awidy or increesing the
generd aousd levd, and indudes the frequency range
o timitus-rdaed adtivity, it should be effective too,
dthough it might require a longer time for retraning.
Theefore,  this  additiond extend dgnd can be
provided by spedficdly talored and used heaing ads
which amplify environmentad sounds. It has been shown
that in some casss where there is hearing imparment
(often in the high frequendes and undetected by the
pdiet), heaing ads gopropriady fitted and
coundled can be egudly dfedtive (Shddreke and
Hazdl, 1992). Importatly, the primay use of the
device is not to improve the hearing, but to counteract
the process of tinnitus detection. Specific protocols for
the use of white noise generaors and hearing ads are of
fundamentd importance for the successful outcome  of
the trestment.

In eech case the rdionde of the proposed
tregment is discussed  with  the  patient, providing
Ogdled judification of the paticula goproach. |If
maskers or ‘hearing ads ae agopropricte, the paient is
placed under the manegement of an audidlogis trained
in tinnits treetment who fits the patient with the proper
device and explans in detal the protocd for its use in
tinnitus dleviation.

Negdive emationd asoddions with  tinnitus
ae more likdy to be made in those with anxiety (Heedl,
1987, 1990; Dobie et al., 1992; Hdford and Anderson,
1991; Collet et al., 1990) or with a hiory of depressve
illness  Additiondly, increesed levds of generd arousd
counteract  the process of hebitugtion. Thus, padld
management of rdated emaotiond  disturbance is  often
nesded from a dinicd psychdogis, an  important
member of the tinnitus teem. The psychdogig can be
esatid in continuing  cognitive  thergoy  sessions &s
wdl as teeching techniques for anxigty contral, such as
rdaxaion, thought-blocking techniques and  insomnia
drategies.

The process outlined above takes about one



14 P.J.Jastreboff and J.W.P.Hazell

year to 18 months to reech the levd when the pdient is
not aware of tinnitus mgority of the time o a dl,
except when he/she focuses dtertion on tinnitus. At this
dage white noise generdtors are not needed any more
and many paients discontinue thar use Some pdients
find the use of generators aswuring and continue their
ue ‘... unless | forget to put them on. From time to
time paticualy a peiods of increesed dress tinnitus
resurfaces, but then, as predicted by neurophysiology,
dhort repetition of the trestment, which lagt a few weeks
is auffident to restore the previousleve of comfort.

Summary

The combingion of theoreticd  neurophysologicd
andyds with previous dinicd findings accumulaed in
London resulted in the crestion of a multidisciplinary
Tinnitus Centre in Bdtimore, which pursues a double
god: the presat dinicd god is to remove the
percgption of tinnitus from the paients constiousness
by intiating and fadlitaing the process of tinnitus
habituetion, and the ressarch god of finding a
mechanismbased method for the suppression of tinnitus
generataors and processes that enhance the initid  tinnitus
rdaed dgnd. The resdts obtaned in the dinicd
branches of the Centres are encouraging and offer hdp
to timnitus aufferers now, while expaimentd results
uggest new goproaches, which in the future can be
incorporated  to  our protocal, further improving our
effedtivenessin deding with tinnitus
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