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| NTRODUCTI ON



| NTRODUCT! ON

"The brain as an object of study, has its own fascinating
quality of being an al nost unfathomably conpl ex organ of beha-
vior, nenory and learning, as well as of creativity and conci -
ousness. Study of the spontaneous activity of the brain has
a long history and a well established place in clinical nedicine
and so does brain electrical activity which is brought about by

an experimenter or clinician i.e. it is evoked". (Jewett 1983).

St em
Audi tory Brai n/ Evoked Response Audioraetry (ABR) becane

popul ar in clinical audiology and otol ogy because of reproduci-
bility, ease of admnistration, lowinter and intra subject
variability and accuracy in estimating hearing sensitivity
(Adems and McCGee 1979; David 1976; Davis and Hirsh 1976;

Gal anbos et al 1977; Morgan et al 1971; Shea et al 1980).

ABR recordi ngs consist of series of seven waves which can
be recorded using electrodes in response to a series of stimuli.
Usual |y 1000 or 2000 are used and the response is extracted by
nmeans of online averaging. The waves are generally agreed to
have the followi ng provenance (Beagl ey and Shel drake 1978).
Wave-1 fromthe auditory trunk
Wave-I1 from the cochl ear nucl eus

Wave-I 1l from the superior olivary conpl ex



VWave-1V fromthe nucleus of the lateral | emi scus
Wave-V fromthe inferior colliculus
Wave-VI fromthe nedial genicul ate nucl eus

Wave-VI| fromthe primary auditory area.

ABR can be nade use of in studying the changes in the
cochl ear response objectively. It can also be nade use of

I n studying the changes in the Medial CGenicul ate Body (M3B).

Ward (1973) distinguishes the phenonena comonly
I ncl uded under adaptation in two different ways: Wet her
they are observed during or after exposure to the acoustic
stimulus (concomtant or residual respectively) and whether
they require one ear (Mnaurel) or two (Binaural) for their

nmeasur enent .

Many techni ques have been devel oped for neasuring adap-
tation in its devel opnent, asynptotic state and recovery.
The ABLB technique (Alternate binaural |oudness bal ance),
Del ayed bal ance techni que, SDLB techni que (sinmultaneous dichotic
| oudness bal ance). These techniques are binaural i.e. require
two ears for their neasurenment. The nonaural technique . is

the MH techni que (Mnaural heterophonic).

The SDLB technique is the one that has been nore frequently
used for neasuring all of the aspects of adaptation. Adaptation
nmeasured using this technique is called perstimulatory adapta-

tion.



Ward (1973) has explained 'perstinulatory adaptation’
in the follow ng manner:
"Perstinmulatory adaptation therefore appearing only when
both ears are stimulated simultaneously, is a conplex
phenonmena involving central interaction of the auditory
pat hway i ncl udi ng, perhaps, efferent action of the non-

exposed ear".

In the MH technique, only one ear is required. The
adapting stinulus and conparison stinulus are of different

frequenci es.

Weiler, Linz and d ass (1979) reported that there was
no significant correlation between the nagnitude of adapta-

tion measured using SDLB and IH techni ques.

The avail abl e data for SDLB at 60 dBSPL adapting inten-
sity is 20 dB (Mean) (Wiler 1972) and for MH techni que it
is 17.75 dB, The fact that the SDLB net hod yields nore
adaptation thanthe VH nethod at identical intensity and at
i dentical adapting period, is an indication for the influence

of the conparison ear in the results.

Thus the above findings show that SDLB and MH techni ques
yield different results although both measure concom ttant

adaptation. This could be because as suggested by Weil er and



Davis (1975) the nonaural techni que neasures a different
auditory change due to adaptation than that neasured by

si nul t aneous bi naur al bal ances.

The greater anount of adaptation using SDLB net hod
than MH net hod, has been attributed to binaural interaction.

The exact nechani smof binaural interaction is not known.

Wasamurthy (1982) defines binaural interaction as
the efferent action of nonaural stinulation on the periphery

of the contralateral auditory system

This definition is based on his study - "S nce adapt a-
tion of the conparison ear through cross over of the adapt-
ing stimulus (80-40=40 dB) can be consi dered negligi bl e.

The i nfluence of conparison ear (CE) can be expected through
bi naural interaction. The result X, (SDLB) > X,(MJ) can be
expect ed provi ded | oudness of the post-adapted test tone in

t he conparison ear > |oudness of the pre adapted test tone

in the conparison ear (*Lipa > *Lipp). But *Lipp > *Lipo
can be expected only when *X, < 0 (adaptation) in the conpa-
rison ear is less than zero) i.e. a, (unstable adapted neural
units) units are produced in the conparison ear. This neans
that 'negative adaptation' (or action of the efferent system
I nnervating the outer hair cells) nust be present in the com

parison ear". Wasanurthy (1982).



The relation of adaptation to the intensity of the
adapting stimulus is in conflict. Sinple adaptation
(Loudness adaptation nmeasured at the intensity of the
adapting stimulus) is linear with the intensity of the
adapting stinmulus upto 60 dB. Beyond 60 dB there is
leveling off of adaptation. The levelling off of sinple
adapt ati on above 60 dB nay be attributed to the adapta-
tion of conparison ear (Jerger). According to Palva and
Karja (Veiler 1972), levelling off of sinple adaptation

may be due to spread of stimulation to internal hair cells.

Wasanurt hy (1982), obj ectively answered t he contro-
versies prevailing with regard to the levelling off of

si npl e adapt ati on above 60 dB.

I n the study by Wasanurthy (1982), the infl uence of
adaptati on of non-test ear was not nmade use of for measur-

I ng | oudness adaptation unli ke SDLB t echni que.

Si npl e adaptation due to spread of stinulation to inner
hair cells, could no nore be entertained inthe |ight of the

results of his study.

These expl anations nmay thus not be tenable. Levelling
of f of adaptati on was explained on the basis of the 'eclipse

phenornenon' .



From avai |l abl e data X, (at 60 dB) in SDLB = X,(at 80 dB)
in SDLB = 20 dB (Wiler et al 1982) X,> 0 can be expected
in the adapti ng ear during post-adapted bal ances in SDLD

et hod.

In the conparison ear, two conditions wll prevail
during the post adapted bal ance (1) the conditions due to
"binaural interaction' and (2) the conditions due to adapta-
tion of the conparison ear through cross over of the adapting

st i mul us.

The conbi ned effects of the two conditions in the com
pari son ear woul d be | oudness of the post-adapted test tone
in the conparison ear will be |ouder than the pre adapted

test tone of the conparison ear at 80 dB SPL.

At high intensity levels i.e. 80 dB SPL, there exists
2 types of efferent systens. The efferent systemwhi ch func-
tions at lowlevels (<60 dB) is concerned with 'negative
adaptation' and the efferent systemwhich functions at high
intensity levels is concerned with "inhibition' i.e. arrest-
ing or inhibiting the sensory inputs fromfiring inpul ses.
The efferent systemresponsi ble for negative adaptation is
the efferent systeminnervating the outer hair cells and
responds to lowintensity sounds. The efferent systemrespon-
sible for "inhibition' is the efferent systeminnervating the

inner hair cells and respondsto high intensity sounds only.



Thus, according to the eclipse phenonenon, the increase
in adaptation in the adapting ear, resulting fromthe increase
inthe intensity of the adapting stimulus will be eclipsed
by bi naural interaction in SDLB net hod, because at 80 dB two
efferent systens operate together and the net result will be
that the | oudness of the post adapted test/in the conparison
ear will be alnost equal to the preadapted test tone in the
conparison ear. Thus, there is no |loudness gain in the com
parison ear as seen in SDLB nethod at 60 dBi.e. at 80 dB the
efferent systeminnervating the IHC leading to inhibition is
also present. In SDLB nethod, there is only | oudness gain
in the conparison ear at 60 dB and there is | oudness gain and

| oudness | oss in the conparison ear at 80 dB.

I n support of this phenomenon of |oudness gain, many

studi es can be nenti oned.

Cody and Johstone (1982) found a reduction in ipsilateral

desensitization in the presence of contralateral stinulation.

Kenp (1978) sawthat an acoustic click presented through
a speaker? produced a brief wave of pressure in the ear.
Wl son (1980) did a replication of Kenp (1978) study and found

t he sane results.

Moutain (1980) al so observed simlar sound pressure and
showed that the anplitude of the reflected distortion tone
could be affected by stimulation of the crossed olivocochl ear

bundl e ( COCB) .



Gerken (1984) reports that the evoked response anpli -
tude is greater in the presence of a continuous tone or an

anpl i tude enhancenent of wave- V.

Siegel and Kim (1971) found that stimulation of the
efferent nerve fibres to OHC causes a change in the non
| i near behavior of acoustically and el ectrophysiologically

recorded responses.

Fl ock (1982)- through stinulation of efferent nerve
fibres, the OHC may exhibit active conponents injecting

energy into the auditory system

Starr and Wernick (1968) found that with the cochl ea
destroyed, stimnulation of the COCB increased the spontaneous
activity of 42%and reduced the activity of 16%of cells

recorded in the cochtear nucl eus.

Need for the study:

The present study has been designed to observe 'Binaura
Interaction' i.e. the efferent action of nonaural stimulation
on the periphery of the contralateral auditory system

(Wasamurthy 1982)usi ng ABR

When a continuous stimulus is presented in one ear for
7 mn.or nmore, |oudness gain can be expected in the contra-

| ateral ear.



The expected | oudness gaininthe contral ateral ear, can
be observed in the formof an increase in absol ute anplitude

and a reduction in absolute |atency of waves | of ABR

Furthernore, hypersensitivity as reported by CGerken
(1984) can al so be studi ed by observing changes in the Vith
peak of ABR in the presence of continuous ipsilateral

stimul ation.

This increase in hypersensitivity in the neuron of
medi al geni cul ate body, cen al so be expected during ' binaural

i nteraction'.

To verify this aspect, changes in absolute anplitude
and latencies in VI peak in the presence of continuous con-

tralateral stimulation was al so studi ed.

Brief plan of study:-

Two studies were carried out. In the first study, BSER
were recorded. The stimuli used was |ogon stimuli of 80 dB HL.
Then a conti nuous tone of 60 dB H. was presented in the con-
tralateral ear. The tone was presented for 7 mn. After 7 mn.
wi thout switching off the tone, inits presence BSHS were again
recorded. This tine too, logon stimuli of 80 dB HL were used.
The frequency of the logon stimuli and continuous tone was

al ways t he sane.
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The second study, was simlar to the first study
except that the continuous tone was presented in the ipsi-

| ateral ear.
The foll owi ng null hypothesis have been proposed.

1. Continuous tone of the sanme frequency as the | ogon
stimuli i.e. 2 KHz in the contralateral ear has no
significant effect on the absolute |atency of wave-|

of ABR

2. Continuous tone of the sane frequency as the | ogon
stimuli i.e. 2 KHz inthe contralateral ear has no
significant effect on the absolute anplitude of wave—+

of ABR

3. Continuous tone of the sanme frequency as the |ogon
stimuli i.e. 4 KHz in the contral ateral ear has no
significant effect on the absolute |atency of wave-|

of ABR

4. Continuous tone of the sane frequency as the | ogon
stimuli i.e. 4 KHz in the contralateral ear has no
significant effect on the absolute anplitude of wave-|

of ABR

5. Continuous tone of the same frequency as the | ogon
stimuli i.e. 2 KHz in the contralateral ear has no
significant effect on the absolute |atency of wave-V

of ABR



10.

11.

11

Conti nuous tone of the same frequency as the |ogon sti -
muli i.e. 2 KHz inthe contralateral ear has no signi-
ficant effect on the absolute anplitude of wave-\M of
ABR

Continuous tone of the same frequency as the | ogon
stimuli i.e. 4 KHz in the contral ateral ear has no
significant effect on the absolute |atency of wave-V

of ABR

Conti nuous tone of the sane frequency as the | ogon
stimuli i.e. 4KHzinthe contralateral ear has no
significant effect on the absolute anplitude of wave-W

of ABR

Conti nuous tone of the same frequency as the | ogon
stimuli i.e. 2 KHzinthe ipsilateral ear has no
significant effect on the absolute | atency of wave-V

of ABR

Conti nuous tone of the sane frequency as the | ogon
stimuli i.e. 2 KKz inthe ipsilateral ear has no
significant effect on the absolute anplitude of wave-V

of ABR

Conti nuous tone of the sanme frequency as the | ogon
stimuli i.e. 2KHz intheipsilateral ear has no
significant effect on the absolute | atency of Wave-|I.
of ABR
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12. Continuous tone of the sane frequency as the | ogon
stimuli i.e. 2 KHz inthe ipsilateral ear has no

significant effect on the absol ute anplitude of wave-1. of ABR
Terns Used: -

| . Binaural interaction - the efferent action of nonaural
stimulation on the periphery of the contral ateral audi-

tory system (Wasanurthy 1982).

2. Loudness gain - increase in the | oudness of the post
adapted test tone due to the action of the efferent

systeminnervating the outer hair cells.

3. Hypersensitivity - i.e. neasurabl e aspects of the central
auditory systemhas changed, so that the systemis nore

excitable than in its resting state (Gerken 1984).

4. Absolute latency - refers to the tine relationship between

stimul us onset and associ ated response.

5. Absolute anplitude - refers to the height of a given wave
conponent i.e. neasured fromthe peak of the wave to the

foll ow ng trough.
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REVI EW G- LI TERATURE

The auditory el ectroencephalic responses (AER can be

divided arbitrarily into four classes of responses. They

are divided on the basis of latency, different anatom cal

sources and different properties. Based on latency they are

classified into:

1.

Early response which is conpromsed of a series of very
fast waves of latency 4 to 8 nsec. These responses
arise fromthe brainstem (Jewett and Wl Iliston 1971;

Sohnmer 1972).

M ddl e response which is conpromsed of a series of
‘fast waves' of 5 to 100 Hz (Goldstein 1969) and of
latency 8 to 50 nsec. These responses arise fromthe

primary cortical proj action areas.

Lat e response which is conprised of slowwaves 2 to
10 Hz and of latency 50 to 300 nsec. They arise from
the primary cortical and secondary associ ation areas

(Appl eby 1964; Scott, 1965).

The very | ate response of latency 300 nsec to several
seconds. They are described as the expectancy wave
which is the last peak in the |ate response and t he
contingent negative variation which is a long |atency
negative potential. This response arises fromthe

frontal cortex (VWlter et al 1964).

13
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FAR-FIELD RECORDING OF AUDITORY BRAIN STEM RESPONSES

LATENCIES MEASURED IN HUMAN SUBJECTS
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Fig 4 - Anatomic correiation of conponents
of short | atency auditory evoked

response (Ref. Keith, R W, Central

audi tory dyafunction, New York,

Guno & Stratton, Inc. p.11, 1977)
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Auditory Brain Stemevoked Responses were neasured
and utilised in this study, because they are little affected
by sl eep, wakeful ness, tension and awareness of stimuli.
The auditory systemcan be repetitively and rapidly stinu-
| ated and its physiol ogi cal and anatom cal pat hway have

sufficient reliability. Thus, ABRhas high reliability.

In the first 10 nsec after a click stinmulus, a series
of small waves can be recorded. The term nol ogy used to
descri be these waves is conflicting Jewett named theml| to
VIl in Roman nuneral s. Sohner nunbered then 1, 2, 3, 4a

and 4b.

Based on data fromseveral species it is seen that the
acoustic nerve transmssion of action potential fromthe
cochlea to the brain stemoccupies a tinme course which is
conpati ble with Wave-1 latency and ao there is agreenent
that the first positive peak is produced by the acoustic
nerve activity (Cat-Achar and Starh 1980; rat-Henry 1979;
human- Sohner et al 1974; Hashinoto et al 1981).

Wave-11 nost likely arises fromthe cochl ear nucl ei

(Jewett 1970).

Wave-111 is thought to arise fromthe superior olivary
conpl ex which is known to be the 1st stage of bilateral

I nner vat i on.



16

Wave-1V is generated in the ventral nucleus of the
| ateral |emniscus and is dependant on crossed and uncrossed

projections to this area.

Wave-V is fromthe inferior colliculus fromcrossed

proj ecti ons.

Wave-VI is fromthe nedial geniculate body which is
a conpl ex neural structure that receives ascending nmulti-

sensory input and descendi ng corticofugal input.
Wave-VI| originates fromthe primary auditory cortex.

.these
The waves are generally agreed to have/ provence

(Skinner 1977; Jewett 1970; Beagl ey and Shel drake 1978).

BSER refl ect graded post synaptic potential (PSP) rather
than all or none action potential discharged at the cell
sonme or transmtted along the axonal projections. This hypo-

thesis is based on the foll owi ng concl usi ons.

Wien stimulus rise tine was prolonged, only latency in-
creased and anplitude was unaffected (Gal anbos et al 1978),
i.e. latencies reflect the rate at which threshold for synaptic

activation is attai ned.

When excitability of muscarinic and nicotinic reception

were altered, only the anplitude varied (Bhargava et al 1978).
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When the intensity of stimuli was decreased or stinmulus
rate was decreased, there was a decrease in anplitude and
increase in |atency. (Pratt and Sohner 1976; Buchwal d and
Huang 1978; Hyde et al 1976). The reverse was obtai ned when
the intensity of stimuli was increased. This suggests that
the synaptic threshold is reached faster |eading to decrease
in latency, and post synaptic activation is attained in a
| arger popul ation of neurons leading to an. increase in anpli -

t ude.

Ef fects of stinulus Paraneters as gi ven by Moore (1983).
There are only 3 prinmary stinmulus paraneters frequency, inten-

sity and ti ne.

Effect of frequency:- There is a change in Wave-I for |ow
intensity stimuli across different frequencies, but for high
intensity stimuli, there is no change in wave-1 across diffe-

rent frequencies.

Effect of Intensity:- It is maxinmumfor |atency of wave-|
when there is a change of intensity from30 to 70 dB SPL. The
anplitude of wave IV, V conplex is |east affected by inten-

sity changes.

Effect of tine paraneters: As the duration of the stinulus is
I ncreased, the latency of all the conponents of the wave

I ncreases and the anplitude decreases.

Wth longer rise decay tine, the |atency of the waves increases.
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As the rate of stimulation increases, the |atency

i ncreases and the anplitude decreases.

Loudness adaptation is a decrease in the |oudness of
a steady stinmuli over tinme. According to physiologists,
it is a decrease in the response of s single neural unit
to a steady stinulus, or the decrease in response magni -

tude to a constant stinmulus level. (Young and Sachs 1973).

There are 3 nethods, by which adaptation can be
measured (Scharf, 1983).
1. Measurenments w thout recourse to Interaural Loudness or
Monaur al met hod.
2. Measurenents of Adaptation Based on Interaural Loudness
mat ches or Binaural nethod.
3. Measurenents of Adaptation Based on Lateralisation Judge-

ment s.

Experinments based on nonaural procedures are - the
procedure of absolute judgenent by Lawrence et al (1949). Here
a 1 KHz tone was either increased, or decreased or left
unchanged over a 30 sec listening period. (Cbservers had to
say if the |oudness had increased or decreased or renained
unchanged. 9 observers, said 82%of the tinme that the |oud-
ness decreased of an unchangi ng tone which was presented at

15 dB SL. 66%of the tinme they said that the |oudness increased
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of the unchangi ng tone when it was presented at 70 dBSL.

At 15 dB, when the tone was increased, they said it was
unchanged. At 70 dB, when the tone was decreased they
said it was unchanged. Fromthese findings, one can con-
clude that the |oudness of a soft tone decreases over tine,

but the | oudness of a noderate tone increases over tine.

| n anot her study of absol ut e j udgenent by, Fi shkenet al
(1977), Scharf and Horton( 1978), subjects were to assi gn nunbers
to represent the |oudness of a continuous tone before and
after 2 mn and 3 mn presentation. They observed a reduc-
tion in |loudness for a 1 KHz tone at |ow sensation |evels

and none at high sensation |evels.

CGross nodality matching, is a task where the subject
has to adjust the intensity of a non-auditory stinmuli at
specified tinme intervals, to make it equal in subj ective
magni tude to the | oudness of a continuous sound (Scharf 1983)
Qumm i ch (1971) had 30 subjects, press a button the length
of time necessary to match the | oudness of a one third octave
band of noise. Results suggested an increase in | oudness
equi valent to 20 dB over the 1st mnute, followed by a decrease
I n | oudness equivalent to 12 dB. At the end of 60 mn. the

conti nuous noi se caused an i ncrease in | oudness.



Anot her study by G uber and Braune (1974) using a
vibratory stimulus on the forearmto match the nagnitude
of |l oudness of an auditory stimuli, found no adaptation

to a 75 dB narrow band noi se presented for 31 m ns.

In the tracking procedure, the subject has to keep
t he | oudness of a continuous sound constant. A study was
done by Mrabelle et al (1967). 72 subjects showed 2 to 5
dB adaptation to a 3500 Hz tone, 1 KHz tone and w de band
noi se presented for 10 mn when the intensity of the stiml
were 70 dB SPL. When the stimuli were 90 dB SPL, on the
contrary they showed an increase in | oudness. Wley, (1972)
observed no adaptation to tones between 10 dB and 60 dB

at either 500 Hz or 4 KHz which were presented for 30 sec.

Contrary to all these procedure where no adaptation or
m ni nrum adapt ati on was observed, Wiler and G oss (1973)
showed that adaptation could be neasured using nonaur al
het er ophoni ¢ procedures. Wiler (1973) observed 17.75 dB
(Mean) adaptation to a 60 dB SPL tone. There was a rel ated
increase in adaptation, with adapting stimuli i.e. there

was no levelling off of adaptation.

20

Experi nents based on bi naural procedures. Here |oudness

adapt ati on i s neasured by nmatchi ng t he | oudness of a conpari son

sound in the unadapted ear, to that of the adapting or test
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sound in the adapted ear. The conparison sound is presented
before and after the presentation of the adapting sound. The
conparison sound nmay be presented while the test sound is on
or after it is switched off. i.e.concomttant or residual or

del ayed or si nultaneous.

Del ayed di chotic | oudness bal ance procedure, involves
presentation of the conparison tone only once, just after

termnation of the adapting sound.

Earlier studies showthat adaptati on was present using

this nmethod, | ater studi es show an absence of | oudness bal ance.

Si mul t aneous di choti ¢ | oudness bal ances are of 2 ki nds

| .e. either conpari sontoneis presentedj ust once beforetermna-

tionof theadapting sound, or the conpari sontoneis presented
repeat edl y t hroughout the adaptation period. Hood (1950) found
a roughly linear relation over the range of intensity val ues
he investigated. Jerger (1957), too denonstrated a |inear
relation, at least for adapting stimuli from10 dB to 60 dBSPL,
but above this level he found that the function flattens out

or thereis levelling off of adaptation. There was nore adap-
tation in SDLB than M techni que even though both neasure

concom ttant adaptation.

Measur enent of adaptation based on lateralisation. Here

one ear i s exposed to a steady sound and an equal |y intense
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sound is introduced to the unadapted ear. The sound is

| ateralised to the ear where the | oudness is greater.

A quantitative neasure of |oudness is obtained by varying

t he conpari son sound so that there is nedian plane |ocali -
sation. Mbdern studies generally show nore adaptation

for lateralisation at 2 KHz and above than at | ow frequenci es,
with the anount of adaptation increasing with level of the

st eady sound.

Adaptation using this nethod, |ike SDLB techni que,
occurs when a steady tone to one ear is acconpani ed by an

intermttent tone to the other ear.

No adaptation was neasured if interaural interaction
was elimnated using nonaural techniques or if the frequency
of the conparison tone was different fromthe test frequencies

(Fraser et al 1970; Mdrgan and Drks 1973; Bray et al 1973).

There are so many controversies in this area of auditory
adaptation. This was because there was no straight forward

t echni que for the neasurenent of adaptation.

A new obj ective technique viz. objective residual nonaural
| oudness adaptati on (CRMLA) was devel oped (Wasamurthy 1977)

to study t he phenonenon of | oudness adaptation. Adaptation
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was neasured using this technique. Based on the results,

a revised nodel for |oudness coding during auditory adap-

tati on was devel oped, which solved the controversies regard-

ing auditory adaptation.. "The essence of the revised

nodel are:

1. The adapted neural units are of 3 types (i) stable
adapted neural units (a) (2) positive unstabl e adapted
neural units (a;) and 3) negative unstabl e adapted

neural units (a,).

2. Sinple category and conpl ex category (terns used by
Fri shkopf and Gol dstein) nay be the sources for (a)
units i.e. (a) units originate fromthe place of naxi-
mum stinulation of the basilar nenbrane, (a) units for
| ow frequencies originate from' conpl ex category' and

(a) units for >1KHz originate fromsinple category.

3. The source of (a;) units is the neural units innervat-
ing the inner hair cells (NIH and they are produced

as aresult of the efferent action.

4. The source of (az) units is the neural units innervat-
ing the outer hair cells (NCH and they are produced

as a result of the afferent action.

5. (a2)uni ts performa reverse function of (ap)

units and also that of (a) units. |Inother words (ap)
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units (responsible for negative adaptation) wll be
contributing to the |oudness during the adaptation

process.

6. (a;) and (ay) units regain their original preadapted
state whenever a test tone at an intensity hi gher than
the adapting intensity is presented during the post

adapt ed state.

7. For high stimulus intensities, |oudness is determned
by the total nunber of activated neural units fromthe
following (i) sinple category(or conplex category)

(ii) NTH (3) NIOH.

8. For low or noderate intensity stinulus, |oudness is
determned by the total nunber of activated neural units

fromsinple category (or conplex category) and N CH

9. The revised nodel can be used to explain the possible
Mechani sns of Perstinulatory Adaptation (Concomttant

Bi naural ).

Adapt ati on neasured using SDLB nethod is known as

"perstimulatory adaptation' (or concomtant binaural).

Ward (1973) has concluded that 'perstinulatory adapta-
tion' reflects a change in the 'potency' of stimuli in

regard to localization follow ng nonaural stinulation, it
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I s denonstrabl e only by binaural presentation of test
signals and therefore invol ves conpl ex judgenental pro-
cess relatively high up the auditory chain (through the
possi ble efferent action of nonaural stimulation on the

peri phery of the contralateral auditory system

cannot be ruled out... For the nonent, perstinulatory
adaptation renai ns a provoki ng eni gna.

Using the deductions fromthe results of the study
and using data for MH technique and SDLD techni que, it
may be possible to understand the nechani sminvolved in
"Perstinmulatory adaptation'.

The nechani sns of perstinulatory adaptati on can be
understood if the answer to the follow ng questions are

known.

1. Wiy do we observe X, < X, > 0, when the adapting inten-
sity is < 60 dB SPL in SOLB net hod?

2. Wiy do we observe levelling off of adaptati on above

60 dB SPL, in SDLB net hod?

Here X, is adapation at baseline X, is adaptation measured
at an intensity higher than the adapting stinulus. Since the
deductions fromthe results of the present study are froma
nonaur al techni que (CRMLA) there deductions cannot be applied
straightaway to the avail able data of SDLB nethod. Therefore,

it is necessary to consider the adapting ear and the conparison



26

ear separately. After knowi ng the conditions which prevai
(during the post-adapted conditions) in thetwo ears, the

conbi ned effects can be reasonably predi cted.

Regarding the 1st question - why do we observe X,< X,> 0
in SDLB techni que at 60 dB SPL adapting intensity, the
answer may be-Avail abl e data for MH techni que at an adapti ng
intensity of 60 dB SPL is X=11.75 dB (nean) (Wiler et a
1977). Fromthe deduction of the present study, a >a, can
be expected in the adapting ear during the post adapted

condition of SDLB nethod because X, > 0is a + a, >0.

The avail abl e data for SDLB at 60 dB SPL adapti ng inten-
sity is 20 dB (Mean) (Wiler 1972). Thus, it follows that
SDLB nmethod yields X, >0 i.e. the conparison of the data
avai |l abl e for MH techni que and the data of SDLB, shows that
Xp( SDLB) >X,(MH) (i.e. 20> 11.75). The fact that SDLB
nmet hod yi el ds nore adaptation than the MH techni que at iden-
tical intensity and at identical adapting period, is an
I ndication for the influence of the conparison ear in the
results. Wiler et al (1979) showed no significant correl a-
tion between the anmounts of adaptation obtained for MH and
SDLB techni ques on the sane subjects. dass and Wil er (1979)
observed that M techni que and SDLB techni que yi el ded :

Xn- Xo >0 and X, < X, >0 respectively for nearly the sane
stinmulus paraneters (Wiler et al 1972). Thus, the above
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findings show that SDLB and MH techni ques yield different
results al though both neasure concomttant adaptation. The
difference in the results obtained in the 2 nmethods nust be

due to the influence of the conparison ear.

The i nfl uence of conparison ear ( CE) can be expected
through 'binaural interaction®. The result X,(SDLB) >X,( MH)
can be expected provided *Lipa> *Lipp (Loudness of the
post adapted test tone in the CE >1|oudness of the preadapted

test tone in the conparison ear. But *Li,a > *Lipp can be

expected only when *X, < 0O i.e. a, results inin the C E
This neans that 'negative adaptation' (or action of the
efferent systeminnervating the outer hair cells) nust be
present inthe CE Inthis context, the author likes to
recall wards (1973) suggestion that "... there nay be a
possibility for the efferent action of nonaural stinmnulation
on the periphery of the contralateral auditory systemin
"perstinmulatory adaptation' "

The above discussion clearly reveals that X, (SDLB) >
Xp (M) is dueto 'binaural interaction' as correctly guessed
by Vard (1973). Thus, the presence of 'binaural interaction'
whi ch was not wel | understood, perhaps, now appears, to be
clear. Thus' binaural interaction' can be defined as the

efferent action of nonaural stimulation on the periphery of

the contralateral auditory system



28

Regardi ng the question - why do we observe | evelling
of f of adaptati on above 60 dB SPL in SDLB techni que?
Avai | abl e data: Xy (at 60 dB) in SDLB = X, (at 80 dB) in
SDLB = 20 dB (Wiler et al 1972).

Due to 'binaural interaction' in the conparison ear,
*Lypp(at 80) < *Lipa(at 80). The situation in the adapt -
ing ear and the conparison ear, together is
X(80) in SDLB = Lipp( at 80) - Lipa(at 80) + *Lipa(at 80)
" *Ltpa (at 80)- At adaptinngintensity of 80 d B SPL in SDLD
Adaptation at adapting intensity of 60 dB SPL i n SDLB.
X%(60) in SDLB = Lipp(at 60) - Lipa (at 60)+
*Lipa(at 60) - *Lipp(at 60).
The avail abl e data show

Xy (at 80) in SDLB =X, (at 60) in SDLB

\I—tbb( at 80) - I—tba( at 80) * *I—tba( at 80) -
*Ltba(at 80) = Ltbb(at 60) - LipaUt 60) +
*Lipa (8 60) - *Lyp (at 60).

Rearrangi ng we get:

Loudness in the adapting ear due to the increase in the
intensity of the adapting stimulus (i.e. increase inintensity
from60 to 80) = Loudness increase inthe CE duetothe
efferent action for 60 dB stinulus + Loudness loss in the C E.

due to the efferent actior for 80 dB sti nul us.
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Therefore, the increase in the adaptation, in the adapt-
ing ear, resulting fromthe increase in the intensity of
the adapting stinmulus (i.e. raising the intensity from 60
to 80 dB) will be '"eclipsed by 'binaural interaction' in
SDLB net hod.

The effects of 'binaural interaction' for 60 dB and
80 dB adapting stinmulus are different. Wen the adapting
intensity is 60 dB SPL (or |l ess), the efferent systemi nner-
vating the outer hair cells will be responsible for the
I ncrease in | oudness of the post adapted test tone in the C E
When the adapting intensity is 80 dB SPL or nore, the effe-
rent systeminnervating the inner hair cells will be respon-
sible for the decrease in |oudness of the post-adapted test

tone in the C E

In sum it can be stated that the |levelling off of adap-
tation observed in 6DLB nethod, is mainly due to the 'binaura

interaction'." (Wasamurthy 1982).

I n support of the phenonenon of |oudness gain, nany
studi es can be nenti oned:

Johnst one and Codyd 982)did a study on anast hesi zed gui nea
pi gs. They neasured the anount of tenporary threshold shift

(TTS) to an ipsilateral stimulus (10 KHz, 107 dBSPL for 1 mn).
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Then TTS was determ ned using the same stimuli, but in the
presence of contralateral stimuli (10K, 80 dB SPL for 1 m n).
Thi s procedure was repeated with contral ateral stinulus

(7 KHz, 80 dB SPL for 1 mi n) after injecting strichnine.
The results showed that in the presence of contral ateral
stimuli (10 KHz, 80 d B SPL for 1 mn) TTS induced in the

i psilateral ear was significantly reduced. This significant
reducti on was not observed when the contral ateral stinulus
was set at a different frequency of the ipsilateral stinmulus,

or when strichni ne was i njected,

Cody and Johnst one propose that the reduction in ipsi-
desensitisation in the presence of contral ateral stimulation
is the result of acoustically evoked activity of cochlear
efferent action. Since there was no reduction in T.T.S.
after admnistration of strichnine, it suggests that the reduc-
tion seen is real and that it is possibly the result of acou-
stically activated efferent neuron activity. The absence of
this crossed efferent effect for contralateral stinuli set at
different frequency of the ipsilateral stimuli also rules out
the possibility of generalized effects |ikes changes in cochl ea

bl ood fl ow.

Kenp (1978) using a signal averagi ng techni que, mneasured
t he response of the closed external acoustic neatus to acoustic

i npul se, near to the threshold of audibility. A brief wave of
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pressure was produced in the ear. This response was present
in all normal ears tested, but was absent in ears with coch-
| ear deafness. He attributed this emssion to have its
origin probably in the cochlea, responding mechanically to
auditory stinulation and dependent upon the normal function
of the cochlea transduction process. He suggests that
probably the popul ation of outer hair cells generate this

mechani cal energy.

This study was replicated by Mountain and W I son (1980)

who observed the sane results.

Fl ock (1982) through stinulation of the efferent nerve
fibres, found that the O H c. exhibit an active conponent,

injecting energy into the auditory system

Gerken and Anant hanarayan (1982) did an experinment, where
a tone on tone forward masking stinulus configuration was used.
The stimuli were suprathreshold, so that they could neasure
the post stinulatory effects of the masker in terns of changes
in the probe evoked ABR. According to the definition, masking
refers to the elimnation of a conponent of the ABR, and
partial masking to an anplitude reduction and/or |atency increase
of a conponent of ABR, but the results showed an anplitude
increment of wave-V or an enhancenent of Wave-V in the forward

maski ng condition. This they attribute to a central effect.
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They concl ude that the exact process underlying wave-V

enhancenent are not clear, but the phenonenon is robust.

Several stinulation and behavi oral experinents denon-
strate a phenonenon referred to as stinulation hypersensi -
tivity (Gerken 1979; Cerken et al 1982). It is described
as sustained alterations fromthe resting state of the
auditory system This neans that sone neasurabl e aspect
of the central auditory systemis nore excitable or sensi-
tive, than in its resting state. It is due to various
conditions normal and pathol ogical. The underlying nature
of hypersensitivity.is not yet known, but its occurrence
i ndicates an interaction between the peripheral and central

portion of the auditory system

Thesensitivityof auditoryneuronstoelectrical stinulation
canbei ncree

decreased by brief sounds. Only when the sustained sound
is of intensity 60 dB SPL, does the evoked response anpli -
tude increase. Facilitation of this sort by a sustained
sound was terned enhancenent. This enhancenent was produced
in the nmedial genicul ate body, but was not obtained from al
portions of the nedial geniculate body. The enhancenent was

not present beyond the term nation of the sustained stinuli.
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Spoendlin (1975) reports that the efferents to the
outer hair cells synapse with the hair cells and that the
enornous nerve supply to the outer hair cells would tally
with a concept of a nore nonitoring role of the outer hair

cell system

Pickles (1982) reports that the centrifugal fibres to

t he cochl ear nucleus are both excitatory and inhibitory.

Fex et al (1982) report that they have found Aspartate
amno transferare (AA tase) |ike imunoreactivity only in
the nedial systemof efferents. They conclude that the
efferent termnals to the outer hair cells may participate
in the recycling of the rel eased neurotransmtter using

AA t ase.

Coms and Wiitefield (1968) report that acetyl choli ne,
the neurotransmtter of the efferent systeminnervating the

outer hair cells, (ESSGH) is an excitatory neurotransmtter.

Hof fmann et al (1983) report the presence of enkephalin
| i ke peptides (putative neuroactive substances) in the effe-

rent termnals of outer hair cells.

Fromthese studi es, one can assunme that the actionof the
ESICHCS is to increase the | oudness of the post adapted

test tone.
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Kemp( 1978, 79); Zwi sl ocki (1980) Zureck(1981); Zw sl ocky
and Kl et sky(1982); Neely andKi m(1983); Davi s (1983) have
suggested that there is an active mechanismin the cochl ea.
Thi s mechani sm coul d be responsi ble for the greater sensi-
tivity and sharp tuning expressed by the tips of the neural

tuni ng curves.

Si egal and Ki m(1982) state that the active nechani sm
is controlled by the central nervous system through the

activity of the efferent synapse on the outer hair cells.

I n discussing the function of the efferent auditory
system Crane (1983) conments "OHC afferents are part of the
servo central system (for instance, reporting back the state
of OHC responses to efferent excitation)e The speed of a
servo system can generally be increased if position inforna-
tionisavailable fromthe nechani smunder control. Another
possibility is that OHC afferents reflect a crude estimate
of the acoustic level at the OHC and that they, rather than
the inner hair cell afferents are the source of efferent

excitation".

Fex et al (1982) suggest that the acoustic stinmulation of
crossed ol ivocochl ear bundl e may be expected to result in the
increase of the sensitivity of OHC afferents through the

recycling of the rel eased neurotransmtter.
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Vyasanmurthy (1985) guesses that acetylcholine could
be the neurotransmtter released by the efferent system
innervating the outer hair cells as Coms and Wi tefield
(1968) have reported, that acetylcholine is an excitatory
neurotransmtter and that acetylcholine could be the

neurotransmtter released by the OHC afferent.

By putting all the above pieces of information together,
a neural nodel of the efferent mechani smfor | oudness
gain during auditory adaptation was proposed (VWyasanurthy,

1985) .

The nodel (fig.2) suggests that the efferent system
passi ng through the nedial superior olive is responsible
for the | oudness gain (recycling of the rel eased neuro-

transmtter).



METHODOLOGY



METHCDOLOGY

Subj ect s:

15 subjects were tested in this study. The subjects

were students of Al India Institute of Speech and Heari ng.

The subjects had to satisfy the follow ng criteri a.

1. No history of any ear di scharge, earache, tinnitus,
gui ddi ness, headache, brain damage or exposure to | oud

sounds.
2. No famly history of hearing | oss.
3. Age range from18 to 25 years.

4. Hearing sensitivity within 20 dB HL (ANS 1969) in the
frequenci es 500 Hz, 1 KHz, 2 KHz, 4 KHz.

| nstrunent s used: -

Mai co- MA- 27 portabl e audi oneter with TDH 39 ear phone
and ci rcumaural cushion MX-41/ AR was used, to provide a con-
tinuous pure tone to the contralateral ear through the right

ear phone.

The audi ometer was calibrated for both intensity and
frequency for pure tones as per the specifications given by

ANS| 1969.
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GSl - 10 Bekesy audi oneter with the B. C transducer was
used to provide continuous pure toneto the ipsilateral

ear.

To neasure auditory brain stem evoked responses,
an H ectric Response Audi oneter nodel TA-1000 was used. It
consi sted of a SLZ 9793 desk top consol e whi ch contai ns al
of the operating controls, indication and readouts for the
system SLZ 9794 preanplifier which is an isol ated EEG
preanplifier with frequency response and gain specifically

designed for ERA. Al so a set of standard silver chloride

el ectrodes, TDH 39 ear phone and circunaural cushi on MX-41/ AR,

cali brated paper to record the responses, electrolyte get,

adhesi ve tape and spirit.
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TA- 1000 operates with 4 knobs and 9 push button sw tches.

The knobs are: -

1. The stimulus function knob which permts selection of
frequencies 2 KHz, 4 KHz or 6 KHz at a repetitive rate
of 5 or 20 stimuli per second, and patient's response
intervals of 10 ns or 20 ns imediately follow ng the

acoustic logon stimlus.

2. Stimulus attenuation knob which permts sel ection of

acoustic logon stimuli fromO dB H.L to 100 dB HL.



Fig. 8 - Flow chart

of ERA: TA-1000 used in the present stud
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3. The scale function knob which permts selection of

P ow b e

system sensitivity and nunber of average response

sanples i.e. for 1024 sanples 0.5, 1 and 5 uV per div.

sensitivities are avail able. For 2048 sanples, 0.2,
0.5, 1 and 2 uV per div sensitivities are avail abl e.
For 4096 sanmples 0.1 uV, 0.2 uV, 0,5 uV and 1 uV per

div sensitivities are avail abl e.

The | atency control knob provides a curson mark on
the oscill oscope display of the BSER wave for a
preci se determnation of |atency. Readout of |atency
in nsec to 0.1 nsec is displayed in digital form

directly above this control.

The push button sw tches are:

Power
Scope - gives an oscill oscope display of the wave.

Clear - clears the m croprocessor.

Start/stop - indicates the m croprocessor average function.

The average function is automatically termnated when the

rel ated nunber of sanples has accumul ated or when any

averager nmenory channel is full. The average can be
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stopped to evaluate internediate results and restarted w t hout

di sturbing the averager action.

Record - records the wave on to the calibrated paper.

Mask - provides broad band noi se masking to the contra-

| ateral ear only when either air left or air right stinulus

I s presented.
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7. Ar left-stimulus to left ear phone.
8. Air right - stimulus to right ear phone.

9. Bone - stimulus to bone vibrator.

TWH Run/ EEG switch - This switch should be in run position
for normal operation. Wen in the TWF position, after

a clear, the oscilloscope will display a characteristic test
waveformto confirmoscilloscope operation. In the EEG posi -
tion, after a clear, oscilloscope wll display the ongoing

patient EEG activity.

A stimulus generator was used to generate |ogon signals.
The logon stimulus is characterised by 3 peaks in a 50%- ve
100%+ ve, 50%- ve sequence followed by a 50%+ve, 100%- ve

50%+ ve sequence reversing on each successive stiml us.

Test envi ronnent:

The study was carried out in an acoustically sound
treated dimy lit roomat Al India Institute of Speech and
Heari ng.

Pr ocedur e:

The subj ect was explained the nature of the test. They
were made toliedown conf6rtably on a bed with a pillowto
reduce neck nuscle tension and thereby artefacts. The subject

was told to either relax with eyes cl osed or sl eep.
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The preanplifier was |ocated very near to the subject

and the subject's el ectrode cable was pinned to the pill ow

The el ectrodes and the skin surface were cleaned with
spirit. El ectrode gel was smeared on the el ectrodes. Each
electrode with the electric gel was applied to the cl eaned

skin and fixed on with the hel p of adhesive tape.

The 3 el ectrodes were place as fol |l ows: -
Red or signal electrode was placed on high forehead, white

or reference el ectrode on mastoid of test ear i.e. right ear.

Bl ack or ground el ectrode on nastoid of nontest ear

i.e. left ear.

The right earphone was renoved fromthe earphone band
of TA-1000 and in place the right earphone fromMNA-27 portabl e

audi onet er was attached.

The earphones were placed after the red light on the
preanplifier went off. If the red |ight came on again after
pl aci ng the ear phones, then the detached right earphone of
TA-1000 and | eft earphone of MA-22 were nmani pul ated such that
the red light went off. The power push button sw tch was

switched on. The TWH Run/EBS switch was set to '"run'. The
to
stimulus function knob was turned/select a stinmulus of 2 KHz

at a repetitive rate of 20 stimuli per second and patient's

response i nterval of 10 ns.



The stimulus attenuator knob was turned to sel ect
a stimulus of 80 dB. The scale function knob was turned

to provide 2048 stimuli at 0.2 uV per div sensitivity.

By neans of push button stinmulus was given to the

| eft ear through air conducti on.

First 'clear’ push button was pressed to clear the
m croprocessor, and then the 'start' push button. After
2048 sanpl es were accunul ated, the average function auto-
matically stopped. The stimuli to the left ear was sw tched
off. The response was recorded on to the calibrated paper

by pressing push button 'record' .

Latenci es were nmarked on the wave by readi ng them out
fromthe digital display. The digital display was obtained

by pressing the push button 'scope'.

In the contralateral ear i.e. the right ear a 2 KHz
continuous tone was presented for 7 mns. The tone was
presented at 60 dB HL. It was generated by the portable
audi onet er NMA- 27.

After presentation of the continuous tone for 7 mns.
BSER recordi ngs were again done using the sanme setting as
before. Thus BSER was done in the presence of the continuous

tone in the contralateral ear. At the end of 7 mn, the

43



44

conti nuous tone was not term nated.

Once the related nunber of sanples were accunul at ed
I.e. 2048 and the average function automatical |y stopped
t he continuous tone was withdrawn in the contral atera

ear.

The stimulus to the left ear was di sconti nued. The

response was recorded on the calibration paper.

Two graphs wer e obt ai ned:
One was BSER to 80 dB HL stimuli (2 KHz | ogon). The ot her
was BSERto 80 dB HL stimuli in the presence of continuous

tone in the contral ateral tone.

The sane procedure was carried out at 4 KHz. Two m nutes
rest was allowed in between the two test frequencies viz.

2 KHz and 4 KHz.

The above procedure was repeated, but with the presenta-

tion of continuous tone in the ipsilateral ear.

| psilateral tone was presented through the BC vibrator
because continuous tone and clicks had to be presented sinul-

t aneousl y whi ch was not possi bl e using ear phones.

The B.C. vibrator was placed on the forehead and not
on the nmastoi d because nmastoid placenent interferred with the
recording of responses and so the red light on the preanplifier

was continuously 'on'.
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When t he BC vi brator was pl aced on the forehead, the

red light on the preanplifier went off.

A mnimumdi stance had to be nai ntai ned between the
el ectrode and the BC vibrator, or else the el ectrode would
pick up the vibrations of the BC vibrator rather than the

Fesponses.

The continuous tone was presented at 70 dB HL, for
one subject and for the other subjects the continuous tone
was presented at 55 dB HL. The reason for selecting a | ower
| evel was that at higher intensity levels the vibration of

the BC vibrator was interfering with the results.

This test was only carried out at 2 KHz and not at
4 KHz, becane the vibrations at 4 KHz interferred with the

recordi ng of inpulses and thus affected the responses.

The foll owi ng were determ ned:

1. Latency - the latency was read in 0.1 nsec increnents from
the displayed digital value, or by counting the nunber of
verticle lines on the calibrated paper fromthe point the
curve starts to the peak of the wave being neasured. Each
vertical striation =0.1 nsec.

2. Absolute anplitude = T x S x N
M n




Were, M= nmasker anplitude
T =the anplitude of the desired trace feature
S =the sensitivity
n is the nunber of sanples actually counted.

N is the nunber of sanples present on the scale.

The efferent action due to stinulation of the COCB was
determned by the increase in absolute anplitude and the
decrease in latency inwaves | and VI. In this study the
peaks of the waves were nunbered using Roman synbols | to

VIl as given by Jewett.

The procedure can be summari zed as:

1. BSERto 2 KHz logon stimuli of 80 dB HL.

2. 2 KHz continuous tone in the contralateral ear of 60 dB HL

for 7 mns.

3. BSERto 2 KHz logon stimuli of 80 dB H. in the presence of

2 KHz continuous tone in the contralateral ear of 60 dB HL.
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The sane procedures at 4 KHz were repeated in the presence

of continuous tone in ipsilateral ear.
1. BSERto 2 KHz logon stimuli of 80 dB HL.
2. 2 KHz continuous tone inthe ipsilateral ear of 55 dB HL

for 7 m ns.



3. BSERto 2 KHz logon stimuli of 80 dB HL in the presence
of 2 KHz (55 dB HL) continuous tone in the ipsilateral
ear for 3 subjects (The continuous tone was at 70 dB H.

in one subject).

The data collected were statistically treated and

anal yzed usi ng WI coxon matched pairs signed ranks test.
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RESULTS AND DI SQUSSI ON

Two experinments were carried out. In one, continuous,
tone was presented in the contral ateral ear. 1In the other,

conti nuous tone was presented in the ipsilateral ear.

In the first experiment, BSERs were determned under 2
conditions viz. condition A (BSERto logon stimuli of 80 dB HL
before the presentation of the continuous tone) and condition
B (BSERto logon stimuli of 80 dB HL in the presence of conti -
nuous tone of 60 dB H. in the contral ateral ear after presen-
tation of the continuous tone in the contralateral ear for

7 mn).

Inall the tests, the frequency of the continuous tone

was the sane as the frequency of the logon stinmuli.

Tabl e-1 shows the absol ute | atency val ues of Wave-1 for
BSERs obt ai ned under the two conditions A and B. The frequency

of the continuous tone and the logon stimuli was 2 KHz.

Fromthe table-1 it can be seen that either there is a
reduction in latency in condition B or there is no difference

in latencies in condition A and B

The di fference between the two conditi ons was eval uat ed
with the Wlcoxon T. The difference was statistically signi-

ficant (T=O0 N = 10 , P < 0.01).
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Thus the null hypothesis - "Continuous tone of the
sane frequency asthelogon stimuli i.e. 2 KHz in the contra-
| ateral ear has no significant effect on the | atency of

Wave-1 of BSER' is rejected.

Tabl e-2 shows the absol ute anplitude val ues(p-v) of
Wave-1 for BSERs obtai ned under the two conditions A and B

for 2 KHz tone and | ogon stinmnuli.

Fromthe table-2 it can be seen that either there is
an increase in anplitude in condition B or thereis no

difference in anplitude in conditions, A and B

The di fference between the two conditi ons was eval uat ed
with the Wlcoxon T. The difference was statistically signi-

ficant (T = O : N=12 P < 0.01)

Thus the null hypot hesi s-"conti nuous tone of the same
frequency as the logon stimuli i.e. 2 KHz in the contral ateral
ear has no significant effect on the absol ute anplitude of

P Wave-1 for BSER was rej ect ed.

Tabl e-3 shows t he absolute |atency val ues (nsec) of
Wave- VI for BSER obtained under the two conditions A and B

for 2 KHz tone and | ogon stimuli.

Fromthe table-3 it can be seen that in nost of the

subjects there is a reduction in latency in condition B.
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The difference between the two conditions A and B
was eval uated with the Wlcoxon T. The difference was
statistically significant (T = O N = 10
P < 0.01).

Thus the null hypothesis - continuous tone of the
sane frequency i.e. 4 KHz in the contral ateral ear has
no significant effect on the absolute |atency of Wave-1

for BSER is rejected.

Tabl e-4 shows the absol ute anplitude val ues (AAvolts)
of wave-1 for BSER obtai ned under the two conditions A

and B neasured at 4 KHz.

There is an increase in absol ute anplitude in nost
of the subject for wave-1 after the presentation of the

conti nuous tone.

The di fference between the two condition A and B was
evaluated with /the Wl coxon T. The difference was stati sti -

cally significant (T =0 N =12 P < 0.01).

Thus the null hypothesis - continuous tone of the sane
frequency as the logon stimuli i.e. 4 KHz in the contral ateral
ear has no significant effect on the absol ute anplitude of

wave-1 for BSER is rejected.

Thus fromthe above tables it can be said that 2 KHz
and 4 KHz continuous tone in the contral ateral ear produces

a facilitatory effect in the test ear, which is observed

by a significant increase in absolute anplitude and decreases
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I n absolute | atency of wave-|I.

Wave- VI was al so anal ysed to see if the continuous

tone has a simlar effect on wave-VI as wave-1|.

Tabl e-5 shows the absol ute | atency val ues (nsecs)
of wave-VI for BSERs obtai ned under the two conditions

A and B neasured at 2 KHz.

The difference between the 2 condition A and B was
evaluated with the Wlcoxon T. The difference was stati -

stically significant (T= -3, N=10, P < 0.01).

Thus the null hypothesis - continuous tone of the
sane frequency as the logon stimuli i.e. 2 KHz in the
contral ateral ear has no significant effect on the absol ute

| atency of wave-VI for BSERSiS rejected.

Tabl e-6 shows the absolute anplitude values (m volts)
of wave-VI for BSERs obtai ned under the two conditions A

and B neasured at 2 KHz.

The difference between the 2 conditions A and B was
evaluated with the Wlcoxon T. The difference was stati -

stically significant (T= -3, N=10 P < 0.01).

Thus the null hypothesis - continuous tone of the

sane frequency as the logon stimuli i.e. 2 KHz in the
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contral ateral ear has no significant effect on the absol ute

anpl i tude of wave-M for BSER'is rejected.

Tabl e-7 shows the absol ute | atency val ues (nsecs)
of wave-VI for BSERs obtai ned under the two conditions A

and B neasured at 4 KHz.

The di fference between the 2 conditions A and B was
evaluated with the Wlcoxon T. The difference was stati -

stically significant (T = 4, N = 11, P < 0.01).

Thus the null hypothesis - continuous tone of the
sane frequency as the logon stimuli i.e. 4 KHz in the con-
tralateral ear has no significant effect on the absol ute

| atency of wave-MI for BSERs is rejected.

Tabl e-8 shows the absol ute anplitude values (p volts)
of wave-VI for BSERs obtai ned under the 2 conditions A and

B neasured at 4 KHz.

The di fference between the 2 conditions A and B was
evaluated with the Wlcoxon T. The difference was stati -

stically significant ( T= -5, N=13, P < 0.01).

Thus the null hypothesis - "Continuous tone of the sane
frequency as the logon stimuli i.e. 4 KHz in the contral at eral
ear has no significant effect on the absol ute anplitude of

wave-VI for BER' is rejected.
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I n wave-VI the continuous tone in the contral atera
ear caused an increase in absolute anplitude and a

decrease in absol ute | atency.

Thus a 2 KHz and 4 KHz conti nuous tone in the contra-

| ateral ear produced a facilitatory effect on the test ear.

This facilitatory effect is due to binaural interaction.
It is the efferent action due to nonaural stinmulation on

the periphery of the contralateral auditory system

In the 2nd experinent, BSER were determ ned under 2
condition viz. condition | (BSERto logon stimuli of 80 dB HL)
and condition Il (BSERto logon stimuli of 80 dB H. in the
presence of continuous tone of 55 dB H. in the ipsilateral
ear, after presentation of the continuous tone in the

ipsilateral ear for 7 mns).

The frequencies of the continuous tone and | ogon stinuli
wer e kept constant. Wen the logon stimuli were of 2 KHz,

even t he conti nuous tone was of 2 KHz.

Tabl e-9 gives the absol ute | atency val ues (nsec) of
wave- VI obtai ned under the 2 condition viz. condition | and

condition I'l, neasured at 2 KHz.

It is evident that continuous tone presented ipsilaterally

I nfl uences BSER, causing a decrease in |atency.



The di fference between the 2 conditions was eval uat ed
using Wlcoxon T. The difference was statistically signi-

ficant (T=0, N= 3, P< 0.01).

Thus the null hypothesis - "Continuous tone of the
sanme frequency as the logon stimuli i.e. 2 KHz in the
I psilateral ear has no significant effect on the |atency

of wave VI" is rejected.

Tabl e- 10 gives the absolute anplitude values (m volts)
of wave-VI obtai ned under this 2 conditions | and Il neasured

at 2 KHz.

The continuous tone presented ipsilaterally, caused an

i ncrease in anplitude of Wave- VI .

The difference between the 2 condition | and Il was
eval uated using Wlcoxon T. The difference was stistically

significant (T=0, N=4, P < 0.01).

Thus the null hypothesis - "Continuous tone of the sane
frequency as the logon stimuli i.e. 2 KHz in the ipsilateral
ear has no significant effect on the absol ute anplitude of

wave-VI" is rejected

Tabl e-11 gives the absol ute Latency val ues (nsec) of
wave-| obtai ned under the two conditions | and Il neasured at

2 KHz.

o4
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The continuous tone presented ipsilaterally, did not
cause a change in absolute latency in 2 subjects. 1In 2
subj ects, the continuous tone produced an i ncrease in |atency.
There is no consistent change in wave | in the presence of

t he continuous tone presented ipsilaterally.

Since there is no consistent change in all the subjects
tested, it is difficult to draw any conclusion. |t needs

further investigation using nore nunber of subjects.

Tabl e-12 gives the absol ute anplitude values (m volts)
of wave-| obtai ned under the two conditions | and |1l neasured

at 2 KHz.

Fromtable-12, it can be seen that continuous tone
presented ipsilaterally caused an increase in absolute anpli-
tude in 2 subjects and a decrease in absolute anplitude in
2 subjects. There has been no consistent increase nor decrease
in the absolute anplitude. Since there is no consistent
change, it is difficult to draw any conclusion. |t needs

further investigation using nore nunber of subjects.

Tabl e- 13 summari zes the experinents of the present study.



TABLE-1: ppsol ute | at ency val ues (nsecs) of wave
for BSERs under the 2 ;,hgitions A and B
measured at 2 KHz.

Subj ect Condi tii gn rré(elcc)at ency  condit ion B(late:

in nsec).
1 1.5 1.1
2 1.1 1.1
3 1.3 1.1
4 1.1 1.0
5 1.3 1.2
6 1.3 1.2
7 1.3 1.2
8 1.3 12
9 1.4 14
10 1.1 0.9
11 1.2 12
12 1.0 0.9
13 1.5 1.5
14 1.3 12
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TABLE-2: Absolute anplitude values (puv) of wave-1
for BSEHs under the 2 conditions A and B
nmeasured at 2 KHz.

Subj ect Condition A(anpli - Condi ti on B(anpli -

tude in p volts) tude in p volts)
1 0. 16 0. 36
2 0. 36 0. 36
3 0.34 0.40
4 0.18 0.22
5 0. 16 0. 26
6 0.10 0. 26
7 0.20 0.44
8 0.12 0. 20
9 0.10 0.12
10 0. 08 0. 26
11 0.32 0.32
12 0.14 0.24
13 0.14 0.20
14 0 12 0. 16




Tabl e-3: Absol ute | atency val ues (nsecs) of wave-1
for BSERs under the 2 conditions A and B
nmeasured at 4 KHz.

Subj ect Condition A(latency Condi ti on B(Il atency

In nsecs). In neec).
1- 1.5 1.4
2 1.1 1.1
3 1.1 1.1
4 1.1 0.9
5 1.1 1.0
6 1.4 1.3
7 1.4 1.3
8 15 1.5
9 1.6 1.5
10 1.1 0.9
11 1.4 1.3
12 1.1 1.1
13 1.4 1.3
14 1.3 11
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TABLE- 4: Absol ute anplitude values (p volts) of \Wave-|
for BSER under the 2 condition A and B neasured

at 4 KHz.

Subj ects Condition A(Amli - Condi tion B(Anpli -

tude in p volts) tude in p volts)
1 0.10 0. 26
2 0.28 0. 36
3 0.18 0.18
4 0.22 0.32
5 0.28 0.28
6 0.12 0.18
7 0.33 0. 36
8 0.03 0.22
9 0. 06 0. 10
10 0. 26 0.34
11 0. 06 0.28
12 0. 04 0. 09
13 0.15 0.16
14 0. 08 0.13




Tabl e-5: Absolute latency val ues (nmsecs) of wave-VI
for BSERs under the 2 conditions A and B
measured at 2 KHz.

Subj ects Condition A(latency Condition B (latency
in nmsecs) . I n msecs).
1 6.8 6.7
2 6.2 6.1
3 6.7 6.4
4 6. 2 6.1
5 6.1 5.8
6 6.9 6.3
7 6. 4 6. 2
8 7.2 7.1
9 6.9 6.8
10 6.3 6.4
11 7.1 7.1
12 6.8 6.8
13 6.7 6.7
14 7.0 6.8
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Tabl e-6: Absolute anplitude values (m vots) O
Wave- VI for BSERs under the 2 conditions
A and B neasured at 2 KHz.

Subject Condition A (Anpli- Condition B (Ampli -

tude in m\olts} tude in mVolts)
1 0.18 0.22
2 0.04 0.12
3 0. 06 0. 06
4 0.22 0. 26
5 0.04 0. 16
6 0.15 0.15
7 0. 04 0. 06
8 0. 06 0.08
9 0.12 0.10
10 0.08 0. 20
11 0.12 0. 16
12 0. 16 0. 16
13 0.02 0.03
14 0.16 0. 16




Tabl e-7: Absolute |atency val ues (nsecs) of wave-Vi
for BSERs under the 2 conditions A and B
measured at 4 KHz.

Subj ect Condi tion A(l atency Condi tion B (I atency

i n neecs) In nMeecs).
1. 7.3 7.1
2 6.0 6.2
3 7.0 6.9
4 6.8 6.7
5 6.4 6.0
6 6.9 6.7
7 7.0 6.4
8 7.1 6.5
9 7.2 7.2
10 6.2 6.2
11 6.9 6.9
12 7.7 6.9
13 6.8 6.5
14 6.5 6.1




Tabl e-8: Absol ute anplitude val ues ( mvolts) of
wave-VI for BSERs under the 2 conditions
A and B neasured at 4 KHz.

Subj ect Condi tion A(anpli - Condition B(anpli-
tude in mvolts) tude in mvolts)
1 0.18 0.20
2 0. 08 0.22
3 0. 20 0. 19
4 0.14 0.24
5 0.04 0. 20
6 0. 06 0.16
7 0. 02 0.18
8 0. 06 0.09
9 0. 16 0.20
10 0.04 0. 16
11 0. 02 0. 02
12 0. 08 0.11
13 0. 02 0.03
14 0.1 0. 08




TABLE-9: Absol ute | atency val ues (nsecs) of Wave-VI

under the 2 conditions | and |l neasured
at 2 KHz.
Subj ect Condition-I(latency Condition-11 (Iatency
In nsecs). In nsecs).
1(70 dBH.) 6.7 6.2
2(55 dBHL) 7.1 6.5
3(55 dBHL) 6. 4 6.3
4(55 dBHL) 6.7 6.7

TABLE- 10: Absol ute anplitude values (m volts) of wave-\V
obt ai ned under the 2 conditions | and |1
neasured at 2 KHz.

Subj ect Condition-1 (anplitude Condition-II (anplitude

in mvolts) in mvolts)
1(30 dBHL) 0.08 0. 10
2(55 dBH) 0. 06 0.14
3(55 dBH) 0.17 0.32

4(55 dBH.) 0.14 0.36

64



65

TABLE- 11: Absolute latency values (nsecs) of Wave-|
under the two conditions | and Il measured

at 2 KHz.

Subj ect Condi tion-| SI atency  Condition-11 (latency

in nmsecs in neecs)
1(70 dBHL) 1.1 1.1
2(55 dBHL) 1 1.2
3(55 dBHL) 1.1 1.1
4(55 dBHL) 1 1.3

TABLE-12: Absolute anplitude values (m volts) of
Wave-1 obtained under the two conditions

| and Il neasured at 2 KHz.

Subj ect Condi tion-1 (anpli- Condi tion-11(Amli-
tude in mvolts) tude in mvolts)
1( 70dBHL) 0.1 0.2
2 (55 dBHL) 0.21 0.3
3(55dBHL) 0.4 0.24

4(55dBHL) 0.4 0.2
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D scussi on:

In the present study, nonaural acoustic stimlation
produced an increase in anplitude and a decrease inl
| atency in wave-1 positive peak in the contral ateral ear.
Thi s change in the evoked response, nay be due to Bi naural
Interaction as defined by Wasanurthy (1982) i.e. the effe-
rent action of nonaural stimulation on the periphery of

the contralateral auditory system

The change in evoked response can be due to | oudness
gain by the action of the efferent systeminnervati ng GHC
as supported by(Spoendlin'l975; Cody and Johnstone 1982;
CGerken 1984; Fex et al 1982, Coms and Wiitfield 1968;

Hof fmann et al 1983; Pickles 1982; Stopp et al 1983).

Wave-1 is produced by the auditory nerve activity.
(Cat-Achor and Starr 1980; rat-Henry 1979; Human - sohmer
et al 1970; Hashinoto et al 1981). Any change in sensitivity

of GHC afferents will thus cause a change in wave-1.

The possi bl e nechanismfor this |oudness gain nmay be
based on the neural nodel of the efferent nechani smfor

| oudness gai n proposed by (Wasanurthy 1985).

Acoustic stimulation in the contralateral ear |leads to

acoustically activated efferent neurons which may nodify the
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response of the CHC to acoustic trauma by the adapting
tone i.e. the efferent action counteracts the effect

produced by the adapting tone (Cody and Johnstone, 1982).

The process of counteracting the effect produced
by the adapting tone could be said to be present because
CHC afferents are part of the servo central system So
CHC afferents reflect a crude estinmate of the acoustic
| evel at the CHC and they are the source of efferent

excitation (G ane 1983) .

Ef ferent excitation or acoustic stinulation of COCB
may be expected to result in the increase of the sensitivity
of CHC afferents through the recycling of the rel eased
excitatory neurotransmtter (Fex et. al 1982). Wasanurthy
(1985) guesses that acetylcholine could be the neurotrans-
mtter released by the efferent systeminnervating the outer
hair cells as Coms and Wiitefield (1968) report that

acetylcholine is an excitatory neurotransmtter.

The efferent system passing through the nedial superior
olive could be responsible for the increase in anplitude

and decrease in |atency of wave-1I.

Gerken (1984) determned evoked response to brief click

stimuli fromthe nmedial geniculate nucleus in a concious
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cat. He reports that an increase in stimulus intensity
produced i ncreased evoked response anplitude. An increase
I n evoked response anplitude was al so produced in the

presence of the continuous tone.

A simlar increase in evoked response anplitude and
a decrease in latency was observed in wave-Vl peak in the
present study. Wave-Vl is produced by the nedial Genicul ate
nucl eus (MSN). The evoked response anplitude i ncreased and
| at ency decreased to logon stimuli fromthe MoN in the presence

of continuous tonein the contral ateral ear.

Gerken (1984) reports enhancenent of evoked responses
In aconcious cat. |In the present study simlar enhancenent

was observed i n man.

As specul ated by Gerken (1984) the efferent action m ght

be responsi bl e for the enhancenent.

A few subjects were tested with a continuous tone in
the ipsilateral ear, to determ ne whether simlar results
(as those obtai ned using continuous tonein the contral atera

ear) would result.

A continuous tone in the ipsilateral ear produced an

increase in the anplitude and a decrease in |atency of evoked



response only in wave-Vl. i.e. enhancenent was only present
in the nedial genicul ate nucl eus when the continuous tone

was presented in the ipsilateral ear.

Thus the concept of the continuous tone as a nmasker
fails at higher stimuli intensity as reported ( 60 dB SPL)
by Gerken (1984).

The results of the Exp.Il for wave-1 of BSER are in-
conclusive and further studies (using |arge nunber of

subj ects) is required.

For all the subjects, 2 responses were determned for
condition Ai.e. responses to 80 dB HL w thout the presence
of the continuous tone. The change in the evoked response
in condition B was due to | oudness gain or enhancenent and

not due to variability of the response.

/1
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SUMVARY AND CONCLUSI ON

The assunption that the action of the efferent system
i nnervating the outer hair cells is to increase the |oud-
ness of the post adapted test tone is supported by nany
studi es (Spoendlin 1975; Cody and Johnstone 1982; Cerken
1984; Fex et al 1982; Coms and Wiitfield 1968; Haffanmann
et al 1983, Pickles 1982; Stoop et al 1983).

This | oudness gain can be determ ned by using ABR
audi onetry. It is observed in the formof an increase in

absol ute anplitude and a reduction in absol ute |atency.

In the present study the efferent action of nonaural
stimulation on the periphery of the contralateral auditory

systemwas determ ned using ABR audi onetry.

Bi naural interaction causes a | oudness gain when the
continuous tone is at a lowintensity |level (Wasanurthy,

1982) .

| 4 normal hearing subjects within the age range from
18 years to 25 years were tested. BSER were determ ned
using an electric response audi onmeter TA-1000. Logon stimul
of 80 dB HL were used. Then a continuous tone of 60 dB HL
was presented in the contralateral ear. The tone was presented
through the right earphone using a Maico NA-27 portable

audi oneter. The tone was presented for 7 mns.
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Evenafter 7 mns, the tone was continued. During the
7 to 9 mnutes period (i.e. in the presence of the conti-
nuous tone) BSERs were again recorded. Logon stinuli of
80 dB HL were used. The frequency of the |ogon stimul
was sane as the frequency of the continuous tone. The test
was carried out at 2 KHz and at 4 KHz. In all subjects
the left ear was the test ear and continuous tone was presented

in the right ear.

Loudness gai n was observed in wave-1 for nost of the

subjects i.e. there was | oudness gain at the auditory nerve.

Fromthe present study, one can concl ude that bi naural
Interaction takes place at the level of the auditory nerve.
Monaural stinulation of lowintensity causes a |oudness gain

in the contral ateral ear.

Loudness gain was al so observed in wave-MV i.e. at
the level of the nedial geniculate nucleus. The results of
the present study agree with the results observed by Gerken
1984. He reports enhancenent of response anplitude in the
nmedi al genicul ate nucleus to continuous tone. He observed

these findings in a concious cat.

In the present study enhancenent of response anplitude
I n the medi al genicul ate nucl eus to conti nuous tone was

observed i n hunmans.
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Loudness gain was observed in terns of increase in
the anplitudes of peaks | and VI for frequencies 2 KHz
and 4 KHz.

Anot her experinment was carried out, where |oudness
gai n was observed when a conti nuous tone was presented in

the ipsilateral ear.

4 normals in the age range of 18 to 25 years were
tested. BSERs were determned using an E ectric Response

Audi onet er TA-1000.

Stimuli used was logon stimuli of 80 dB HL. Conti nu-
ous tone was then presented via a BC transducer using
GSl - 10 Bekesy audi onmeter. The tone was of 55 dB HL and it
was presented for 7 rains, ipsilaterally. Then without
switching off the tone, in its presence, BSER were determ ned.
Logon stimuli of 80 dB HL was used. The test was only

carried out at 2 KHz.
Loudness gain was only observed in the 6th peak.

Conti nuous tone presented ipsilaterally causes |oudness

gain only in the medial genicul ate nucl eus.

Limtations of the study:

1. The size of the sanple was snall.

2. The age range of the subj acts was |imted.
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Recommendat i ons:

1.

2.

To carry out the study on a | arger popul ati on,

To carry out the study on subjects with a wi der age

range and determne if |oudness gain varies wth age.

To study if binaural interaction is present when the
continuous tone is of a different frequency fromt hat

of the test stinulus.

To study if loudness gain is present when the continuous

toneis of a highintensity ( >80 dB H.).

To study if loudness gain is present in wave—+ of BSER
In the presence of continuous tone (contral ateral ear)

I n cases with cochl ear pathol ogy.
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