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CHAPTER- |

| NTRODUCTI ON

In the late 1950's, the problens associated with determ nation
of site of Iesion were substantially greater than those encountered
today. ABLB, TDT and Bekesy were the tests which sufficiently provided

reliable diagnostic information.

The audi ol ogist's horizons have broadened and his task is
becom ng both more precise and conplex than ever before. Hs view
of the auditory systemis nore conplete than ever before and he is
increasingly aware of its incredible conplexity. The Audiologist is
called upon to make statenents concerning the hearing of his patients.
Not only nust he ascertain the existence of a hearing inpairment, but
he nust al so make judgenments concerning its severity, its influence
upon the patient's |ife, the locus of the lesion or |esions responsible
for the pathology and possible areas of renediation of the disorder

(Rosenburg, 1978).

Since the observations of Dix, Hallpike and Hood (1948) relating
| oudness recruitment to cochlear pathol ogy, the audiologists have been
able to determne to some extent that recruitnment inplies a cochlear

disorder (citedin Martin, 1978).

For sone tine it has been known that as intensity is increased
inanormal ear, the ability to detect small changes in intensity in

that ear also increases. That is, at low SL a tone mght change in
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intensity several decibels before the |istener becones aware of any
change in | oudness. Wen that same tone is very |loud, a change in
intensity equal to a fraction of a decibel often can be detected.

The snallest change in intensity that can be recogni sed as a change

in loudness is the difference limen for intensity (DLI). Since it

is the increased | oudness of a tone that nediates the nornal listener's
ability to tell when the tone has changed in intensity. It seemed
logical to use the DLI procedure as an "indirect" neasurement recruit-
ment. |If a patient with hearing loss had a snall DLl at fairly |ow

SLs, recruitment was inplied (Martin, 1981).

The 1950's saw the devel opment of a nunber of variations on the
DLI thene. Many audi ometers came equi pped with separate attenuators
for performance of QLI measurements. Audiologists eventually began to
despair over the lack of reliability afforded by these tests. A procedure
as delicate as the QLI requires, for one thing, a great deal nore practice
and famliarization on the part of the patient than is truly practical

in nost clinical situation.

Changes in the differential sensitivity to intensity was thought
to provide a new and reliable test in audlological differential diagnosis
20 years ago. n the basis of above findings Jerger et al (1959) designed
new test using sustained stinmulation, to replace the conventional DLI tests.
They called it SISI, short formfor "Short Increnent Sensitivity |ndex".
The test procedure is designed to test the ability of a patient to

detect the presence of a 1 dB increnent superinposed on a tone presented
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at 20 dB SL. Any subject, with or without a hearing inpairment

can be tested with the SIS procedure.

The introduction of the SISl test inproved the efficiency
of audiologic evaluations. They introduced SISl as another approach
to the measurement of the ear's ability to detect small intensity
changes. In a sense, all audionetry is diagnostic since it contri-
butes, in some sense, to the ultimte |ocalization of the auditory
disorder. SISl test is one of the reserve tests in peripheral Test
Battery. |Its purpose is to differentiate anong three possible periphera

sites; the mddle ear, the cochlea and the eighth nerve.

Scores on the SISl above 70%are usually considered to indicate
the presence of a hearing |oss produced by danage to the inner ear.
This is a positive SISL. Scores below 30%are considered negative
and are found in patients with disorders el sewhere than in the inner
ear and also in persons with normal hearing. Scores |ying between
30%and 70%have only limted diagnostic significance and nust be

interpreted carefully.

Several other variables of the SIS procedure in normal materia
have been investigated. Discripancies between SIS results and
otol ogi ¢ and neurologic findings, the difficulties in interpreting
significance of scores falling within the 15-70%range have |ed
I nvestigators to suggest nodifications of the test procedure (Thonp-
son, 1963; Herbert et al, 1969; Martin, 1978, Oaen, 1965; Jerger, 1969;
and Hanley and Utting, 1965). Such factors as method of presentation
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practice, increment size, test frequency end intensity |level of the

carrier signal have been shown to affect the SISl score.

Since the SIS test is a suprathreshold test contral atera
masking was suggested when ever necessary. The coDss hearing for

the SISl is stated as:

SISI HL

x — IA ;l BC,,

TE
Ef fect of contralateral maaking on the SISl scores was studied

since masking is used for this procedure only in selected cases.

Bl eguod and Terkildsen (1966) found that masking the nontest ear

exerts an influence on SIS score. SISl scores tended to increase

in high frequencies. Simlar results were obtained in a study by

Shimzu (1969); Osterhammel et al (1970).

Anot her problemin the clinical use of the SIS is the inter-
pretation of the test in ears with abnormal adaptation. Wen an
ear dermonstrates abnornal adaptation the auditory threahold is
elevated. Therefore, the 20 dB SL of the SISl test is |owered in
proportion to the degree of adaptation. The effects by Barthol oneus
and Swi sher (19/1) who found that even slight adaptation |owered the
SISl scores. Studies by Oaens (1965), Young and Harbert (1967)

reported that negative scores occurred in abnormally adapting ears.

Fromthe results of suprathreshold adaptation tests (Palva

and Pal va, 1903; Karja, 1968) it ia known that at even at 20 dB SL,
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a marked adaptation can develop quite rapidly even in nornal ears.

In the SISl procedure, the sustained tone nust also be subjected to
simlar adaptation. Rehko (1971, 1975a, 1975b) studied the effect

of adaptation on—normal hearing persons, patients with conductive

defect, patients with recruiting ears and patients with acoustic

neur oIra.

There have been, however, a nunber of investigations of the
differential sensitivity for intensity follow ng intense stinulation.
Bekesy (1947), Rciedi (1954), and Epstein and Schubert (1957) have
all used the peri excursions at absolute threshold of a Bekesy type
audioneter as their neasure of the differential threshold. Their
findings are consistent and indicate that pen excursion decreases
following stinulation. Elliott et al (1962) also found that
differential threshold decrease follow ng intense stimulation (cited
inSmall, 1963). Thus, there is fair amount of evidence that
intensive differential threshold, at |east, change follow ng intense
stimulation. Athough Elliott et al, have provided a start, relatively

little is known regarding specific nature of the changes (Small, 1963).

The fol lowi ng study was conducted to determne the effect of

auditory fatigue on SISl scores in normal hearing subjects.

The present study was carried out to find answers to the

fol | owi ng

(1) Does SISl score change after the ear is fatigued?
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(2) Is there any frequency effect in the change of

SISl score after the ear is fatigued?

(3) Ingeneral, Does the differential sensitivity for
intensity change efter the ear is fatigued? i.e.,

Does the performance of normal hearing subjects

becone better or worse after the ear is fatigued?

* k%
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REVIEW CF LI TERATURE

TEST PROCEDURE FCR CLINICAL USE

Dix, Hallpike & Hood (1948) related |oudness recruitment to
Cochl ear Pathology (cited in Martin, 1978).

There appears to be a strong association between detection of
smal | intensity changes at low S's and |oudness recruitment. A
nunber of investigators evaluated the difference |inmen (DL) vales
for normals and cochl ear and ot her pathologies. But their results

were confusing mainly because of the nethodol ogy they used.

Jerger, Shedd and Harford (1959) cleared the confusions by
introducing the Short Increment Sensitivity Index (SISI) Test. It
IS an another approach to the measurement of ear's ability to detect
smal | changes in the intensity. On this test a puretone is presented
to the patient at a SL of 20 dB and a small increase in intensity
IS superinposed upon the steady-state tone at periodic intervale.
The size of this increment is varied from5 to 1 dB. They found that
the ability to detect the 1 dB increments was |argely restricted to
patients with cochl ear pathology. Conversely, this ability was
absent in subjects with normal hearing or with conductive or retro-
cochl ear hearing |osses. Mst inportantly, the test was easy to

adm nister and was |ess confusing than the DLI test, for nost patients.
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Jerger et al (1959) recommended that the carrier tone be
Introduced at an SL of 20 dB. The intensity level of the carrier
tone increased by 1 dB for 200 ns every 5 sec. Increnent had fall
rise time of 50 nmsec, so that the total duration fromthe beginning
to end of the increment was 300 nsec. The patient is instructed
to indicate that he has heard a brief "junp" in the | oudness of the
tone. Twenty 1 dBincrenents are introduced. If a number of conse-
cutive increnents are heard i.e., about 5in a rowthe examner is
advised to delete several increments so that it can be ascertained
that the subject is responding to the change inintensity rather than
to learned tine interval. If the patient fails to respond to severa

increments in a row the increnent size can be increased for retraining

The total SISl scoreis multiplied by 5 to give percentage.
Jerger et al (1959) recommended that SISl scores of 0 to 70%shoul d
be considered negative, indicating normal hearing or a non-cochl ear
| esion, while scores between 70 and 100%shoul d be consi dered positive,
indicating the presence of a cochleer [esion. The range from25 to

75%shoul d be considered as not strongly diagnostic either way.

Harford (1967) recomended a gradual reduction in the increnent
to make sure that the patient won't feel 1 dBincrement to be too

small to be real.

Martin (1978) recommended e catch trial to be inserted after

every 5 increnents to control the false positive and responding
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rhythmecally. After the catch trial, 5 nore 1-dB increnents are
presented followed by another catch trial until a total of 20 1-dB

i ncrement s has bean present ed.

After the introduction of SISl by Jerger et al (1959), many
investigators used it to find out SISI scores in norrmal hearing

popul ati on.

Rubinstein et al (1970) administered SIS test to 100 subjects
i n good general physical condition, with no past history of ear
di seases and with nornmal hearing, at 500, 1000, 2000 and 4000 Hz
with incremental changes of 1, 2, 3, 4 and 5 dB. The test was al so
repeated on 20 of these subjects within a 2 nonth period, one ear was
tested in each subject. Analysis of their data showed that the test
criteria proposed by Jerger (1959) by Oaens (1965) and by others still
| eave a high percentage of nornal |isteners outside the group of
negative scores for pathol ogi c | oudness findings. They suggested to
consi der only the mean value obtained at the four frequencies (0.5,
1, 2, and 4 KHz) where applicable to limt the nunber of false

positive results.

Li ebman (1975) obtained SISl scores from31 nornal hearing college
students at 250, 500 and 1000 Hz, at SPL's from37-100.5 dB. Positive
scores were yielded with SPL as low as 37 dB. They say SIS test
appears to have limted use as a diagnostic tool if admnistered

using the procedure originally described.
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Jerger (1976) believes that the conclusion drawn by
Li ebman (1975) is based on a faulty grasp of the "procedure
originally described". W says that Liebman has not adm nistered

the test as described by Jerger et al (1959).

In 1976, Romanuj aneyal u conducted a study conparing the
presentation | evel of the test tone with SIS score, reveals that
to be effective even when presented et |evels | ess than 20 dB
above threshold. In normal individuals the scores raised gradually
with increase of the carrier tone to reach 100%at 60 dB above
threshold. In sensory deafness the maxi numwas reached with carrier

tone at 30 dB above threshol d.

The strong tendency toward an all-or-none type of response
on the SISl test led Onens (1965) to conclude that the test may be
justifiably shortened to the use of 10 increments, allotting a

credit of 10%to each increnent.

MDD FICATTON O SIS

Many experinenters have studied the effect of varying different
parameters of the SIS test. Especially, the test |evel and the
increnent size. The purpose of this sectionis to review the many

nodi fications of SISI that have been suggest ed.

Thonpson (1963) hypot hesi zed that patients with retrocochl ear

hearing | osses woul d obtain low SIS scores at high test |evels,
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whereas normal |isteners and patients with cochlear inpairnents
woul d obtain high SISl scores at high test |evels. Two cases of

mld unilateral loss were tested. They were suspected to have

8th nerve tumor. The conventional SISl test procedure was kept
Intact, except that instead of pressentingthe steady tone and
superinposing 1 dBincrement at 20 dB SL, the tone was admnistered
at H. dial setting of 75 dB. Both cases detected the increnents

in the normal ear (100%, but failed to detect the increments

in the affected ear (0% in the affected ear even though the

hearing |oss was slight at that test frequency. Koch et al (1969)
and Herbert et al (1969) later support this finding in patients with
retrocochl ear inpairnent. The procedure used by Koch et al involves
repeating the SISl test at higher and higher SLs, beginning at 20 dB
SL, until a positive score is obtained. Patients with mld inner

ear hearing losses and normals will show higher and higher scores

as the levels are raised, while those wth damage to the higher audi-
tory centers do not show on increase in SIS scores as level is
increased. They suggested that the SISl to be performed with incre-
nent sizes larger than 1 dB when scores at 20 dB SL are low Harbert
et al, admnistered SISl test at various SPL's in normal and pat ho-

| ogi ¢ subjects. The results indicate that when the inner ear receives
an audi bl e signal of 60 dB SPL or greater, a positive SISl score will
occur in both normal and SN hearing | osses except in those wth
abnormal adaptation. A negative SISl score in the absence of a

conductive barrier occured only in abnormally adapting ears and is



2.6

probably indicative of suprathreshold adaptation. Their data
indicate that recruiting ears and normal ears perceive intensity
increnments of equal size at equivalent SPL. [In abnormally adapting
ears, as Bekesy separation increases, the increment tends to become
| arger than normal continuous tone. Bekesy thresholds neasured at
the bottomof the first spike increased directly with starting

intensity and inversely with attenuation rate.

Al though the high-1evel SISl appears to be a powerful test,
only one-third of the audiologists use it in the diagnosis of

suspected 8th nerve lesion (Martin and Forbis, 1978).

Martin (1978) supports the Koch et al conclusion that in sone
cases of pathology in the higher centers of the auditory systemeven
increasing the increnment size does not allow the patient to identify
the increments, and suggested the appropriateness of testing retro-
cochl ear hearing | osses using |arger increnents (i.e., 2 or 3 dB).

He says that these large increments woul d usually be heard by nornally
hearing, conductively inpaired and cochlearly inpaired |isteners,
whereas patients with retrocochl ear inpai rment should have difficulty

hearing these increnments.

Onens (1965) admnistered SISI test to 27 normal subjects,
95 patients with cochlear Iesion, 15 patients with 8th nerve | esion
and 3 patients of uncertain classification. He reported that 5 out
of 12 patients with confirmed retrocochl ear Iesion could hear 2 and

3 dBincrements, whereas the other 7 patients failed to respond even
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to 5 dBincrenents. Thus, he concludes that such a test woul d
presumabl y have a high false negative rate and seens inferior to

the high level SISl with 1-dB i ncrenents.

Jerger et al (1969) suggested enpl oynent of |arge increments
inthe SIS test. They obtained SSS scores as a function increnent
size in two listeners; one with bilateral tenporal |obe |esion and
the other with normal hearing. The test |level was 80 dB SPL. The
normal hearing subject yielded al nost identical results in the right
and | eft ear, where as the patient with tenporal |obe |esion yielded
a nuch shal |l ower psychonetric function in the right ear than in the
left ear. These results are in support of Hodgson's (1967) finding
inapatient with | eft hem spherectony who showed a reduced SISl score
at high intensity in the right ear. These results suggest a nuch
shal | ower psychonetric function in the ear opposite to the affected

side of the brain (Buus, 1982b).

Jerger et al (1969) also neasured SISl scores as a function of
SPL. They found roughly symmetrical performance in the listeners
with normal hearing, whereas there was gross asymretry in patients
with bilateral tenporal |obe | esions. The right ear performance was
much poorer than the | eft ear perfornance, suggesting a |esion on

the left side of the brain.

Cooper (1976) reviewing the SISl in terns of its perfornmance

with a variety of sites of lesion and its |ikely physiol ogi c basis
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conclude that its original schene can be broadened to extend its
clinical application if changes are made in the paraneters of its
routine use. The two major changes involve (1) a presentation |evel

of no less than 90 dB HIL and (2) a binodal interpretation of results
based on the prenmise that high scores indicate normal cochlear function
and | ow scores indicate extensive cochl ear damage or neural dysfunction.
He suggest that routine use of the nodifications suggested here can
provi de useful diagnostic information and bring to light a group of

neural ly inpaired patients that has been relatively ignored.

A though detailed measurenent of the SISl scores as a function of
level and increnent size provide interesting insights into the auditory
functioning of the patient, it seens that sufficient infornation for
di agnosis could be obtained in a much shorter tine by the high-1Ievel

SIS test suggested by Thonpson, 1963.

The different use of the SISI score as a function of |evel was
suggested by Byers (1974). Since SISl scores in normal hearing and
cochl ear inpairment are simlar when conpared at equal SPL, the difference
between the SL at which nornally hearing |isteners obtain a 100%score
nmay be used to estinate bone conduction threshold. A listener with a
30 dB cochl ear inpairnent will reach SPL necessary for a 100%Sl Sl score
at a 30 dB lower SL than nornally hearing listeners. He found that
listeners with nornal hearing obtained a 100%at 50-60 dB SL whi ch
indicate that BC threshold mght be estimated by the formil a

BC (dB HTL) = 60 dB + AC (dB HTL) - dB HTL (100%SI SI)
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Where BC (dB HTL) is the estimted BC threshold in dB HTL
AC (dB HTL) is the AC threshold in dB HTL, and dB HTL (100%SI SI)
s the lowest level (in dB HTL) at which the patient obtained a
100%SI SI score.

Byers (1974) results showed no significant difference between

the mean val ues of predicted and actual BC threshol ds.

Narendran's (1975) study is in accordance with Byers results.
I'n conductive | oss cases for frequencies 500, 1000 and 4000 Hz.,
there was no significant difference between the BC threshol ds one
obt ai ned using Byers formula another by conventional method. At
2 KHz, there wes significant difference in threshol ds obtained by 2
different nethods. He attributes this to Carhart notch. |n mxed
and SN hearing | oss also, there was no difference in BC thresholds
between 2 methods and he concludes that conductive SISl given better
picture ebout the cochleer reserve in mxed hearing | osses which

will help in selection of cases for surgery.

Hanley and Wting (1965) suggest that, if a SISl score of 60%
or higher is to be accepted as indicative of cochlear pathol ogy, the
use of 0.75 dB increment rather then a 1-dB increment mght nore
definitely isolate cochlear involvenent fromother types of pathol ogy.
The authors in an attenpt to find a SISl increnent size of sufficient

challenge that no nore than one in 20 of the normal hearing popul ation
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coul d score as high as 60% administered the SISI to 48 norna
hearing subjects. Increnent sizes of 1 dB, 0.75 dB and 0.5 dB were
utilized in separate test runs for each subject. |In addition, they
tested 11 nales with SN I oss who had scored 60%or higher with

1-dB increnent. They found that 16 of 48 listeners w th norma
hearing scored 60%or nore and 13 of 48 scored nore than 70%on

the standard SISI test. nly 2 of the 48 listeners scored 60%or

hi gher and none scored 70%or nore when 0.75 dB increment was used.

Sanders and Sanpson (1966) tested the proposal of Hanley and
uting (1965) that the SISl test should enpl oy an i ncrenment nagnitude
of 0.75 dB rather than 1 dB increnent originally proposed by Jerger
et al, (1959). The SISl was given with three increnent magnitude
1.00 dB; 0.75 dB, and 0.50 dB to a group of nornal hearing and to a
group of subjects with cochlear lesion hearing | oss. The test results
indicated that the SIS test distinguishes the cochl ear pathol ogy
ear fromthe normal ear nore consistently with the 1.00 dB i ncrement
than with either of the two snaller increment magnitudes investigated.
They conclude that the SIS test should be continued Mth the 1.00 dB

i ncrement nmagnitude originally proposed.

THE SIS TEST AND CONTRALATERAL NASKI NG

Inthis section effect of masking on the SISl test is revi ewed.
Since the SIS is a suprathreshol d procedure, we have the probl em of

cross- heari ng.

e consideration of SISl teat admnistration is the use or non-use
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of contralateral masking. It is appropriate to nmask during any
auditory test, Wien there is danger of cross hearing of the signal.
There is a chance that when the carrier tone of the SISI, mnus the
interaural attenuation for the test frequency, is equal to or above
the bone conduction threshold of the nontest ear. It is natural to
wonder whet her contral ateral nasking has an affect on SISl scores
since masking is sued for this procedure only in sel ected cases.

SISI = HL, =~ IA > BC,.

If the Audioneter is calibrated in units of effective nasking,
the effective nmasking | evel of the masked ear is equal to the hearing
| evel of the SISl carrier tone, mnus interaural attenuationif it is
known (if not use 40 dB), plus any air bone gap in the masked ear at

the test frequency.

EM = SIST HL_. - IA + ABG Martin (1978)

E TE

Young & Vénner (1968) tried to find out the effect of masking
noise on the SISl test. They performed SISl test on 5 trai ned nornal
hearing subjects in the presence of ipsilateral nasking noise. They
found that when the YN ratio was +5 dB or greater for white noise
and +15 dB or greater for narrow band noi se, all subjects showed simlar
high SISI scores for the various frequencies and testing | evels. The
|arger the increment size inthe nodified SISI teat, the less the SN

ratio necessary to obtain high scores.
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Patients with unilateral perceptive hearing | oss have been
exam ned by Bl eguad (1969) to determ ne whet her masking of the good
ear influences the difference linmen for intensity. The neasurenents
Mere carried out with the aid of the SISl procedure using increnents
of different magni tudes, until the psychonetric function was deter-
mned both without and with nasking (80 dB SPL). The level of the
test tone was maintai ned constant (20 dB above the threshold deter-
m ned wi t hout masking). He found that at 1000 and 4000 Hz, the
contralateral noise resulted in a significant inprovenent in the
intensity discrimnation, while no chenge occurred at 250 Hz. Wth
a few exceptions, the masking had no significance for the result of

the topognostic SIS test using 1 dB increnents.

Even nore striking effects of contral ataral nasking were reported
by Shimzu (1969). The study was designed to investigate the influence
of contralateral noise stimulation on the results of tone dscay and
SIS tests. SIS test was admnistered to 12 adul ts who had eit her
normal hearing in both ears or a mld unilateral conductive hearing
loss. Inpatients with a unilateral conductive hearing | oss, the test
tones were always given to the inpaired ear. ly 2000 Hz was used
for SSS testing. The difference between the ears was not greater
than 40 dB. The test was admnistered first in quiet and then with
white noise at 40 dB SL in the opposite ear. The affect was pronounced
at 2000 Hz. Al subjects obtained negative scores (0-20%in quiet;

however, positive score, (65-100% were obtained fromhalf the subjects
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during contral ateral masking. The phenonenon was believed to be
neural interaural interference, since the intensity of the contra-
| ateral noise was too |ow to produce pericranial or transcortica
direct masking. He concludes that the result suggest the careful
use of masking noise during SISl test on patients with unilatera

SN hearing loss in order to avoid false positive results.

Swi sher et al (1969) obtained SISI scores at 2000 Hz for the
left and right ears of nornmal listeners at intensity levels of 23
to 78 dB SPL in the presence of contral ateral white noise and saw
tooth noise fromquiet to 63 dB SPL. It was hypothesi zed that contra-
|ateral noise mght affect the left tenporal |obe in a nmanner anal ogous
to left-tenporal excision, resulting in inproved intensity discri-
mnation only in the left ear. Results showed that intensity discri-
mnation was significantly inproved in ears by contralateral noise for
subjects receiving test tones of 38 dB and above. Contral ateral noise
did not inprove intensity discrimnation in subjects who received test
tones of 38 dB and below, but the difference limen for the |eft ear
were significantly snaller in both quiet and noise. The original
hypot hesi s was not upheld, and further study of the linmting condition
for the enhancerment of differential sensitivity for contral ateral noise

i s suggest ed.

The increased SI S| score obtained with contralateral nasking is
further reported by evoked response recordings (Gsterhammel et al, 1970).

They reported that evoked cortical responses to SISl type stimili at
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20 dB SL and increnent magnitude 2, 3 and 5 dB tend to be enhanced

by the application of contralateral nasking noise. They also report
that with 5 dB increments and the continuous tone at the threshold

of hearing the sane masking noise caused the responses to disappear.
The enhancenment of auditory discrimnation at suprathreshold |evels
through application of contralateral masking and the "central nasking
effect” at the threshold were thought to be conparable to the so

cal led indirect adaptation nechanismof the eye, and an indication
that the efferent innervation to the cochleais inportant for the

adaptation of the ear.

Buus (1982b) while review ng these studies conclude that the data
seemto indicate that application of an intense contral ataral masker
may increase the SISl score, at least for test tone |evels above 38 dB
SPL. Therefore he says that it seens advisable to mninmze the appli-

cation of masking and, when masking is necessary, mnimze its |evel.

To mnimze the application of masking, we may consider the SISl
score obtained as a function of SPL. The SISl scores obtained by
listeners with normal hearing and |isteners with cochlear inpairnent
remains close to 0%at |evels below 35-40 dB SPL (Young and Herbert, 1967)

only at SPL's above 45 dB are high scores obtained.

A'so the findings of Martin and Sales (1970) indicate thet the
absolute level of the SISl test largely determnes the SISl score. They

showed that SISl scores obtained in 12 patients with unilateral SN hearing
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| osses were nuch lower in normal ears than in inpaired ears when

the tests were presented at equal SL or equal |oudness |evel, but
when the test was presented at equal SPL, the scores obtained in

the normal and inpaired ears were equal. This indicates that the
SISl increment is not audible when the test tone is belowlevels of
35-40 dB SPL, it seems reasonable only to apply contral ataral masking
when the cross-over of the test signal is above 30 dB HTL in the non-

test ear and only if the cross-over of the test signal is above threshold.

The masking rul e becones:

Mask if SISI HTL - IA > 30 d8 If BCNTE< 30 dB HL

or

SISI HTL - 1A > BCn < 30 dB HTL

TE

Were SISl HIL is the level (dB HTL) at which the SISl is per-
formed, IAis theinteraural attenuation (40 dB), and BCyg i s the bone

conduction threshold (in dB HTL) in the nontest ear. (Martin 1978)

SISI  AND TONE DECAY

Anot her problemthat has arisen in the clinical use of the SISl
test is the interpretation of the test in cases of where the test signa
become softer or even faded to inaudibility due to tone decay.

(Buua 1982). Wen an ear denonastrates abnormal tone decay the auditory
threshold is elevated. Therefore, the 20 dB SL of the SISl test is
| owered in proportion to the degree of adaptation (Martin, 1978).
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Bart hol omreus and Swi sher (1971) obtained SIS scores of
patients with and without tone decay were conpared to determne the
effect of snall anount of tone decay on responses to the SISl test.
Simlar distribution of SIS scores were obtained for patients with
and wi t hout tone decay when scores were conpared without regard to
the hearing level (HL) of the SIS test tone. However, a trand
toward lower SIS scores for patients with tone decay was observed
when conparisons were restricted to scores obtai ned at equi val ent
HL's. For both patients with and wi thout tone decay, a significant
positive correlation was obtai nadbetween SISl scores and the HL of
the SISl test tone. They came to the conclusion that tone decay nay
affect the SIS score obtained by patients even with slight adapta-

tion (5to 20 dB).

Onens (1965) also reported results from 12 patients with retro-
cochl ear | esion showi ng abnornal tone decay. Al these patients had
a SISl score of 0.1. In 7 patients, the tone faded to inaudibility
within a few seconds, after which they did not even respond to 5 dB
increnents. The other 5 patients responded to 2 or 3 dB increments

after the tone faded.

Young & Herbert (1967) found that negative scores occurred in
abnornal |y adapting ears regardless of intensity |level of the carrier
signal. They cane to the conclusion that positive SIS indicate that

the ear under teat is functioning as a normal ear at equival ent SPL.
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Negative SISl scores for audible signals of 60 dB or greater are

i ndi cati ve of abnornal adaptati on.

Hughe's (1968) report presents a brief discussion of 18 subjects
who achi eved high SIS scores (80-100% and reported that the 1 dB
increments of the procedure seened to energe fromsilence. Despite
the aberration of the test procedure caused by the intrusion of tone
Decay on the steady-state tone, the high SIS value are consistent
with the diagnosis of cochlear involvenent in the ngjority of these
cases. H's conclusion was that although cochl ear | esions nay occa-
sionally exhibit greater tone decay than nornally observed, the val ue

of the SISl procedure is not |essened by this deviation.

Herbert et al, (1969) admnistered SISl tests at various SPL's
in norrmal and pat hol ogi cal subjects. Their results showed that a
negative SISl score in the absence of a conductive barrier occurs only
in abnormal ly adapting ears and is probably indicative of supra-
threshol d adaptation. Al so reduced anplitude of Bekesy continuous tone

tracings is probably a nmeasure of rapid adaptation.

In summary, the available data suggest that the SISl teat remains
valid in the presence of tone decay. A though scores tend to be | ower
inthe cochlearly inpaired listeners with tone decay, the scores are
usually in the high range. In part, this may be due to the somewhat
greater hearing |l oss usually seen in these patients than in patients
w thout tone decay. Wien the presence of tone decay is suspected,

it is always helpful to ask the patient the time-honored question
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"What do you hear?" Dbefore interpreting the outcone of the test

(Sinmmons and Di xon, 1964).

A COWPARISON O SISl WTH OTHER SITE OF LESI ON TESTS

Jerger (1961) provided the conparison between the SISl scores,
results of ABLB, and results of Bekesy tracking. The results showed
that conbination of Bekesy type Il trackings and high SISl scores ob-
tained in 75 patients with SN hearing |oss of unknown etiol ogy occurred
with approximately equal frequency in groups with no recruitnent, partia

recruitment, and conplete recruitnent.

An even poorer correlation between recruitnment and high SIS
scores was obtained by Hckling (1967). He observed recruitnent in
11 ears which he was able to test in 7 [isteners with a noise induced
tenporary hearing loss. Alow SISl score was obtained in all but 1
of these recruiting ears. Yantis & Decker (1964) also found better

correlation between high SISl scores and recruitnent.

As stated by Jerger (1962) "SISl is not an indirect test for
| oudness recruitment; it is nothing nore than a way of telling whether
a patient can hear very small changes in sound intensity. There is only
one reason for wanting to know this. Evidence exists that the ability

to hear these very small changee is unique to disorders of the cochlfa".
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Jerger (1973) presented anot her conparison of 4 tests (SIS,
ABLB, TDT and Bekesy tracking). Al tests with the exception of the
TDT show a hi gh percentage of expected outcome in patients with
neni ere's syndrome. |If a negative cochlear outcome is taken to suggest
a retrocochl ear involverent, the false alarmratio was rather high in
tone decay, very lowin other tests and | owest in the Bekesy tracking.
I n cases of acoustic neuroma, the tests are considerably poorer. S S
ranked best, yielding a fal se-negative rate of 20%where as the ot her
tests yielded between 24 & 33 fal se negatives. Buss et al (1982a)

say that the false-negative rate for SISl is sonewhat |ower than the 31%

SIS TEST, ADAPTATION AND NTTS

Fromthe results of suprathreshold adaptation tests, it is known
at over an 20 dB SL, a narked adaptation can devel op quite rapidly even
innormal ears. In the S Sl procedure, the sustained tone lasting for
1 mnute 40 sec. nust also be subjected to sinilar adaptati on. Rahko
(1971) studied the effect of the adaptation of the ear upon the SIS test
on 26 nornmal ly hearing persons. The average adaptation was found to be
4.2 dB at 500 Hz, 7.5 dB at 500 Hz and about 10 dB at hi gher frequencies
after 3 nminutes sustained stimulation. In the preadaptation test the
average SISl test values ranged from22.5%to 36.2% In the post-
adaptation S Sl test the average figures ranged from30.6 to 48. 7%

The dispersion of preadaptation SIS val ues was very | arge, which nakes
eval uation of the results difficult in a nornmal material. 15% showed
positive results in Jerger's classification. Adaptation increased the
positive values at higher frequencies, but changes to both directions

occurred.
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Rahko (1975a) also studied the effect of adaptation of the ear
on the SISl test in patients with conductive defects, with recruiting
ears and in patients with acoustic neurorma. The effect of adaptation
of the ear on the SISl test was studied at 500 Hz and 2000 Hz in 43
patients with chronic otitis and in 20 patients with otoscl erosis.
The nean adaptation was slightly over 10 dB, except in the otosclerosis
group at 2000 Hz, for which the value was nearly 20 dB after conti nuous
stinulation at 20 dB SL for 3 minutes. The mean SIS val ues ranged
from 15%to 31%in the preadaptation tests and from9 to 13%in the
postadaptation tests. In the total naterial 22%of the val ues at
2000 Hz were positive according to Jerger's classification, and 32%
were questionable. Adaptation slightly reduced the proportion of
positive val ues, but there were changes towards both hi gher and | ower
levels in the cases of chronic otitis while all the otosclerosis changes

were di m nutions.

The effect of the adaptation of the ear on the SISl test was
studi ed (Rahko, 1975b) in 60 conpletely and 18 inconpletely recruiting
patients and in 5 patients with a verified acoustic neurinoma at 500
and 2000 Hz. The subjective suprathreshol d adaptation to a 3 nminutes
tone of 20 dB SL ranged from 10 dB to over 20 dB, dependi ng on the
frequency and the type of defect. The preadaptation mean SISl val ues
inthe recruiting groups ranged from38 to 51%and post - adapt ati on nmeans
from38-49% In retrocochlear |esions only one SISl val ue was questi onabl e

before and after adaptation, the others being 0% Adaptation did not
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(3 dB) and apparently constant shift of the SISI threshold, quite
unrel ated to the degree of conventional threshold shift induced. He
suggests that although it is possible that this phenomenon m ght be
of cochlear origin, it is nmost probably, that this SIS threshold
shift is actually a neasure of small and constant conponent of noi se-

i nduced TTS which is ratrocochlear in origin.

| NTERPRETATION & SIS

Wth the results obtained by Harbert and Young (1969) they cane
to the conclusion that (1) Apositive SISl score when the inner ear
perceives a signal of 60 dB SPL or nore probably has no significance
since it occurs in both normal ears and SN deafened ears with a w de
vari ety of di agnosed. (2) A negative SISI score, when the inner ear
recei ves an audi ble stimulus at 60 dB SPL and above, is an indication
of abnormal intensity discrimnation and is probably indicative of
suprat hreshol d adaptation. (3) Reduced anplitude of Bekesy conti nuous

tone tracings probably is a measure of rapid adaptation.

Young and Harbert (1967) conducted a study to determne in both
normal and pat hol ogi cal ears the effects of sensation |evel (SL) and
sound pressure level (SPL) on the SISl scores. Results showed that
at SPL's of 45 and above, every normal subject showed a SISI scores of
65%or higher for all frequency. The results of the unilateral cochl ear
lesion group at equivalent 8 intensities from60-120 dB SPL, the affected
and control ears behaved identically, obtaining scores of 70%or higher.
They concl uded t hat

(1) Apositive SIS score in an ear with pure SN hearing | oss nerely
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significantly affect the SISl value. He concluded that high SI'S
values did not reliably distinguished between the hearing defect types,
but if the SISI was low the possibility of a retrocochl ear |esion

shoul d al ways be borne in mnd.

Studies were undertaken to determne the effect of induced
tenporary threshold shift. Hckling (1967) admnistered a battery
of supplementary pure tone hearing tests at 4 KHz to 14 ears before
and after noise exposure to induced tenporary threshold shift. The
standard SISl test at 20 dB above threshol d was negative in all post
exposure ears, except for one questionable ears, but applied at 60 dB
above threshold it gave a high proportion of positive scores. The
possibility is suggested that perhaps some reduction in the intensity
difference |inen stemfromhair cell nalfunction and those snal |
changes apparently related to auditory adaptation rmay originate in

sonme nore central lesion responsible for a fraction of the total | oss.

Hckling (1968) deternined the effect of induced conductive TTS

and of noise induced TTS on the lowest SPL of the steady tone (SIS
threshol d) at which a positive SIS response could be obtai ned. The

test frequency chosen for study was 4 KHz. 8 subjects with no aura

pat hol ogy were sel ected. Noise induced TTS ranging from 10 to 15 dB

was produced by exposing subjects to 2.4/4.8 KHz band noi se for 10 m nutes
at SPL's up to 108 dBin a reverberant room |In conductive TTS the
ability to recognize the intensity increments is directly related to

the SL of the steady tone. Noise-induced TTS denonstrated a very snal
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(3 dB) and apparently constant shift of the SISI threshold, quite
unrel ated to the degree of conventional threshold shift induced. He
suggests that although it is possible that this phenonenon mght be
of cochlear origin, it is nost probably, that this SIS threshold
shift is actually a nmeasure of snall and constant conponent of noise-

i nduced TTS which is retrocochlear in origin.

| NTERPRETATION CF SI' S

Wth the results obtained by Harbert and Young (1969) they cane
to the conclusion that (1) Apositive SIS score when the inner ear
perceives a signal of 60 dB SPL or nore probably has no significance
since it occurs in both normal ears and SN deafened ears with a w de
variety of diagnosed. (2) A negative SISl score, when the inner ear
recei ves an audi ble stinulus at 60 dB SPL and above, is an indication
of abnormal intensity discrimnation and is probably indicative of
supr at hreshol d adaptati on. (3) Reduced anplitude of Bekesy conti nuous

tone tracings probably is a measure of rapid adaptation.

Young and Harbert (1967) conducted a study to deternmine in both
nornmal and pat hol ogi cal ears the effects of sensation level (SL) and
sound pressure level (SPL) on the SISI scores. Results showed that
at SPL's of 45 and above, every normal subject showed a SISl scores of
65%or higher for all frequency. The results of the unilateral cochl ear
l esion group at equivalent 8 intensities from60-120 dB SPL, the affected
and control ears behaved identically, obtaining scores of 70%or hi gher.
They concl uded t hat

(1) Awpositive SISI score in an ear with pure SN hearing | oss nerely
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neans that the test ear is responding as a norrmal ear at equival ent

SPL and is probably of no diagnostic significance

(2) Wen a negative SIS scores occur in conductively deafened ears,
it is due to the conductive barrier which prevents the cochl ea
fromreceiving signals at intensities where the SISl is normally

positive.

(3) Anegative SISl score in the absence of conductive barrier occurs
only in abnormal |y adapting ears and is anot her nmeasure of abnornal

adapt ati on.

(4) Negative SISI findings are significant if it can be shown that
the test is valid (i.e., the carrier signal renains audible

t hroughout the test period in abnornally adapting ears).

(5) Instead of using snall increnents to denonstrate increased sensi -
tivity due to presumed cochl ear pathol ogy, it mght be better to use
large increnents to show decreased intensity difference |inens

in abnornal |y adapting ears even at high intensities.

Thus, positive SIS scores indicate that the ear under test is
functioning as a nornal ear at equivalent SPL. Negative SISl scores
for audible signals of 60 dB or greater are indicative of abnornal

adapt at i on.

AUD TCRY FATI GE

Auditory Fatigue is one of a nunber of terns used to describe a
tenporary change (usually, but not always, a decrease) in threshol d

sensitivity follow ng exposure to another auditory stinulus. Auditory



2.24

fatigue is a tine-linked process. Auditory fatigue not only grows
with duration of exposure but al so disappears, nore or |ess swftly,

as a function of tine since exposure.

T. T. S.

Tenporary threshold shift (ITS) is any post-stimulatory shift
inthreshold. Cnhce a given I TS has been generated, it tends, by and
large, to recover at a certain rate that depends very little on how
the 1 TS was produced. The recovery is usually exponential in form-
faster at first, slower later. The recovery process is independent
of test frequency. Production of TTS is dependent on nmany factors.

As far as the fatiguing stirmulus is concerned, practically everything
one can neasure is revelant. |f a steady pure tone is used, the fre-
gquency, intensity, and duration are inportant. For continuous noi se,
the | evel, band width, duration, and peak factors are the salient
aspects. In the case of pul ses, the peak intensity and the pul se

rise tine and duration all determne the TTS produced. |If the fatigue
is a conbination of tones and noi ses and/or pul ses, still other rules
seemto apply. Finally, if the fatiguer is intermttent or has time-
varying frequency characteristics, the TTS produced will be | ess than
that produced by the same armount of energy in a steady exposure. Further-
nore, the paraneters are in many cases, interactive. (e cannot really
di scuss unequivocally "the relation between intensity and TTS', because
the relation nay be quite different for short exposures versus |ong

exposures, for continuous test tones versus interrupted ones, for high
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frequencies versus | ow, etc. There are large differences between

individuals in the I TS produced by a gi ven exposure.

ITSgrows with intensity, ITSincreases with intensity at
very high levels. Duration of the stimulus is inportant. The mddle
ear muscles also affect the growth of TTSwith intensity. The growth
of TTSwith intensity is nmore rapid for high frequency than for | ow
frequency stinulation. Because auditory reflex plays an inportant
roleinlimting TTS at and fromlow frequencies. A low |levels of
stimulation, the naximumeffect is produced at the stimulation fre-
guency, less at adjacent frequencies. As the level is raised, higher
frequencies are sonetimes nore affected than | ower. Results from
long-term TTS al so indicate that the maxi numgradual |y shifts upward,
sonetimes beconmng as high as two octaves above the stinulating fre-
quency, although it is nore generally one-half to one octove above.
H gher the frequency, at least upto 4 or 6 KHz, the nore TTSw ll be
produced. Pure tones are assuned to be nore dangerous than octave
bands of noise. Pure tones bel ow 2000 Hz produce nore TTS than
correspondi ng octave bands of noi se when both are at the same intensity,
the effect is conpletely explained by the difference in the ability
of the two stimuli to produce sustained reflex arousal of the niddle
ear nuscles. At |ow frequencies pure tones are nore dangerous than
noi se, because of aural reflex TTS grows linearly with the |ogarithm

of time at 4 KHz. (Ward, 1963).
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METHODA GGY

Twentytwo students of AIl.1.S H, Msore, with norrmal hearing
in the age range of 17 and 24 years served as subjects in the study.
There were 16 fenales and 6 nales. The nean age was 21.09 years.
Al subjects had normal hearing ( 20 dB HL). They did not have any

neur ol ogi cal and/or ENT probl ens.

APPARATUS

Al auditory neasurenents were nmade under standard clinical
conditions. The subjects were tested in the sound treated chanber
of two-roomtest suite of the All India Institute of Speech and Heari ng,
The equi prent used was Beltone 200 C clinical audiormeter calibrated
to ANSI (1969). Testing each subject took approximately one hour.
The increments in S S tests had 50 nsec rise and decay tinme. The
duration and the interval between the increnments were 200 nsec and

6 sec respectively.

PROCEDLRE

Special equiprment is required for this test. The intensity is
ncreased briefly over a carrier tone, which is presented as a steady-
state pure-tone. Every 6 seconds a 200 nsec tone was superinposed upon
the carrier tone. The increment could be varied in size, usually from
0.75 to 5 dB. The test was perforned in one ear using an air-

conduction ear phone.



3.2

Subj ects Mere instructed as foll ows:
"you will hear a steady tone in your left ear. Qccasionally you
will hear a junp in the |oudness of the tone. Flicker your finger
whenever you hear a junp. Even if it is very small, flicker your

finger, provided you are sure of hearing the "junp in | oudness".

The tone was presented at 500, 1000, 2000 and 4000 Hz at
40, 50, 60 and 70 dB HL. The presentation order of frequency and
intensity was random Each subject was initially tested at all the

test frequencies at all |evels.

First, the SISI counter was adjusted so that a 5 dB increnent
was presented. This increment is |arge enough for everybody to detect
its presence. After several responses to this 5 dB increnments, the
size of the increment was gradually reduced to 4, 3, 2 and then to 1 dB
or 0.75 dB depending on the test situation. S xteen subjects received

1 dB increment and 6 subjects received 0.75 dB increnent.

Each subject was presented with ten 1 dB or 0.75 dB increnents
for each test, and-the subject was required to indicate whether he
heard the increment or not. |If the subject responded to 4 or 5 incre-
ments in arow, control event was introduced i.e., the increnent size
was reduced to zero to nake sure that the subject was not responding
to alearned tine interval. |If the subject failed to respond to several
consecutive test increments, in a row the increnent size was increased
to check his response. Then if responses were obtained, the testing

was resured using the test increnent.
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The SISI score Mas derived by deternmining the nunber of correct
identification of test increnents out of 10 increnments. This nunber

was nultiplied by 10 to get SIS score in percentage.

The affect of auditory fatigue on the SIS test was determ ned
on 16 subjects using 1 d8 increments. Qut of 16 subjects, 9 subjects
received 1 KHz tone in test ear at 110 dB H.L for 10 ninutes continously.
TTS and SISl scores were neasured at 1 KHz after termination of the
fatiguing tone. Qut of 9 subjects, 3 subjects’ SIS score was measured
at 50 dB HL, 3 subjects' SISl score was neasured at 60 dB H. and in the

remai ning 3 subjects, SISl score was neasured at 70 dB HL.

Again, out of 16 subjects, 6 subjects received a 1 KHz tone in
the test ear at 110 dB H. for 10 minutes. TITS was neasured at 2 KHz.
SIS score was nmeasured at 50 dB HL for 2 KHz tone after the ear was
fatigued. Qut of 16 subjects, for the remaining 1 subject, 2 KHz tone
was presented to the test ear for 10 ninutes at 105 d8 HL. TIS and S S
scores were obtained at 4 KHz. The oresentation level for finding SIS

scores was 50 dB HL.

The remaining 6 subjects (out of 22 subjects) received 1 KHz tone
in the test ear for 10 mnutes at 110 dB HL.. TTS and S S scores were
neasured at 1 KHz. SISl score was determned at 1 KHz for 0.75 dB

increnent at 70 dB HL.
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RESULTSANDD SCUSSI ON

The results of this study provide data on the effect of

auditory fatigue on SISl scores in normal hearing adults.

SIS score was obtai ned before and after fatiguing the ear.
Each correct response was given a wei ghtage of 10% Subject's
performance on SIS test at 40, 50, 60 and 70 dB H. for fre-
qguenci es vi z., 500, 1000, 2000 and 4000 Hz was obt ai ned. Mean
percent age score was conputed for 1 KHz and 2 KHz during the

two conditions:

(1) before the ear is fatigued

(2) after the ear is fatigued.

Percent age scores of subjects before and after fatiguing
the ear at 1 KHz for 1 dB increment wth mean percentage score are

given in Table 1.



4.2

TABLE - 1

% score before % score after Level of pre- Amount
Sl fatiguing the fatiguing the sentation in of TTS
No. ear ear dB HL in dB
1 10 20 50 25
2 40 50 50 40
3 70 90 50 20
4 10 20 60 35
5 10 10 60 10
6 60 0 60 20
7 0 20 70 5
8 20 10 70 10
9 10 70 70 10
M= 25.55 M=32. 22
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Percent age of scores obtained by subjects at 1 KHz for 0.75 dB

increment at 70 dB HL with nean percentage val ues are shown in Table 2.

Table - 2
sl . % score before % score after Anmount of
No. fatiguing the ear fatiguing the ear TTSin dB
1 0 20 30
2 90 100 30
3 30 60 30
4 10 0 30
5 50 20 50
6 0 10 30

M=30 M= 35
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Percentage of SISl score at 2 KHz for 1 dB increnent

at 50 dB HL with mean percentage values are given in Table 3

TABLE -3

Sl % score before % score after Anount of
No. fatiguing the ear fatiguing the ear TTSin dB

1 0 10 5

2 10 0 15

3 50 20 35

4 50 40 15

5 10 0 25

6 0 30 30

M=20 M=16
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Percentage of SIS scores before and after fatiguing the

ear at different frequencies are summarized in the Gaph 1.

To determne the significance of difference of SIS scores
before and after fatiguing the ear the Wl coxor test was used.
The result shows that at 1 KHz with 1 dB increnment the difference
is significant at 0.01 level (p< 0.01). A 1 KHz with 0.75 dB
increment and at 2 KHz with 1 dB increment the difference is

significant at 0.05 level (P<O0.05).

The nean percentage score at 1 KHz with 1 dB increment denon-
strates a shift in the SIS scores towards the positive side after
the ear was fatigued (Mean (before) = 25.55; Mean (after) = 32.22).
The nean percentage score at 1 KHz with 0.75 dB increnent al so
denonstrates shift towards the positive side (M (before) = 30;
M(after) =35). At 2 Kz with 1 dBincrenent the nean percentage
score shows shift of SIS score towards negative side (M(before) = 20;

M(after) =16) .

The difference between SIS score, before and after the ear
was fatigued, at 1 KHz indicates that it coul d possibly because of
cochlear origin. This is supported by Hckling (1967, 1968) study,
that this SISl threshold shift is actually a measure of small and

constant conponent of noi se—nduced TTS.

For the subject who received fatiguing stinulus at 2 KHz and
whose SISl score was obtained at 4 KHz, the SISl score increased from

20 to 100%at 50 dB H. (TTS was 20 dB).
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The nean percentage at different H. denonstrate that the
nunber of increnents detected grows progressively as the presenta-

tion level is increased.

Tabl e 4 shows the nmean percentage of SISl scores at different

presentation levels (dB HL)

TABLE - 4

Increment Frequency Frequency Frequency Frequency

ﬁL' th n _ Si ze in Hz in H in H in H
' in dB 500 1000 2000 4000

1 40 1 14. 37 11. 88 9.38 8.13
2 50 1 28.13 20. 63 19. 38 15. 63
3 60 1 40 27.50 29. 38 29. 38
4 70 1 50 39. 36 42.63 46. 88
1 40 0.75 20 11. 66 6. 66 6. 66
2 50 0.75 23.33 13.33 20 21. 66
3 60 0.75 26. 66 26. 66 21. 66 35

4 70 0.75 60 30. 00 41. 66 63. 33
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The result shows that the percentage of SISl score increases
as the intensity is increased. This indicates that the energy
reaching the cochlea is an inportant factor. |If the inner ear
recei ves an audible signal of 60 dB SPL or nore the percentage
of SISl also increases. This is in accordance with the findings
of Harbert and Young (1969), Harford (1965). These findings indicate
that a positive SISl score in normals nmeans the inner ear is
receiving a signal at an intensity of 60 dB SPL or nore and is

behaving as a nornmal ear at this intensity.

At 0.75 dB increnment also the nmean percentage of SISl scores
increased as the intensity is increased. This is in accordance wth
Swi sher (1960) and Swi sher et al (1966) study who showed that nornal
and nonadapting SN inpaired ears discrimnated a signal of 1 dB or

less equal ly well at equival ent SPL.

Fromthe Gaph 1, it is clear that the difference between
Mean percentage SISl scores before end after the ear is fatigued,
is less than 6% The present study was undertaken to see whet her
the subjects' performance on SISl test inproves after the ear is
fatigued. It is generally believed that the patients wth cochl ear
pat hol ogy can detect small changes inintensity. However, the recent
studi es show that the patients with cochl ear pathol ogy and nornal
subj ects behave in the sane manner as far as detection of snall

changes in intensity is concerned, provided the energy of the tone
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reaching the cochlea is same (in both cochl ear pathol ogy and nor nal

subj ects).

It is also known that the ears with cochl ear pathol ogy and

the fatigued ears behave sinmlarly in nany auditory tasks.

In the present study, the fatigued ears did not show a great
change with regard to the detection of 1 dB and 0.75 dB i ncrenents.
This finding corroborates the recent view that the ears with cochl ear
pat hol ogy (fatigued ears) and the norrmal ears behave in the sane
manner with regard to the detection of small intensity changes,
provided the energy of the tone reaching the cochlea is kept

const ant .



CHAPTER-V

SUMMARYANDCONCLUSI ON

The present study ained at deternmining the effect of auditory
fatigue on SISl scores in nornmal hearing subjects. The present study

was carried out to find answers to the follow ng:

(1) Does the SISl scores change after the ear is fatigued?

(2) |Is there any frequency effect in the change of S Sl
score after the ear is fatigued?

(3) Does the perfornmance becone better or worse after the

ear is fatigued?

Twentytwo students of AIISH Msore, with normal hearing in the
age range of 17 and 24 years served as subjects in the study. Al
audi onetri c neasurenents were nade under standard clinical conditions.

The equi prent used was Beltone 200 C dinical Audioneter.

After establishing pure-tone thresholds, SISl scores were
nmeasured at 40, 50, 60 and 70 dB HL at 500, 1000, 2000 and 4000 Hz
for the increments 1 dB or 0.75 dB depending on the test condition.
The effect of auditory fatigue on the SISl score was determned. The
subjects received either 1 KHz or 2 KHz fatiguing tone (dependi ng on
testing condition) at 110 dB HL for 10 ninutes and after the term na-
tion of the fatiguing tone TTS was nmeasured. After determning TTS,
SISl score was nmeasured at different presentation | evel (dB HL) depend-

ing on the test condition.
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The result shows that the nean percentage scores increased
at 1 KHz for 1 dBand 0.75 dB increnments after the ear was fatigued
and that the nean percentage score decreased at 2 KHz for 1 dB

increment after the ear was fatigued.

The result also shows that the percentage of SISl score
increases as the intensity is increased. This indicates that the
energy reaching the cochlea is an inportant factor for detecting

smal | changes in intensity.

RECOMVENDATI ONS:

(1) The present study showed | arge individual differences with
regard to the SISl scores obtained after the ear was fatigued.
Hence, the results are not conclusive. It is recomended that
a large nunber of subjects may be tested on the lines of the

present investigation.

(2) Test-retest reliability of SISl ecores after the ear is fatigued,

shoul d al so be determ ned.

LI M TATI ON

(1) S nce the subjects showed | arge individual differences (in the
results of the present study) a | arge nunber of subjects shoul d

have been included in the study.
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