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| NTRCDUCTI ON

Hearing is a | ate devel opnent in evolution, but it
has becone the sentinel of our senses, ever on the alert
to any sound pattern in space. Bats and sone Marine
aninmals, who live in conditions where |light is poor have
| earned to hear objects as well as events using echoes
to locate their position and direction. The frequency
selectivity of the human ear is remarkably superior to
nost electronic filters and thanks to these conpl ex neural
filters, processing of conplex acoustic signals as speech
and utilisation of the rich human propensity for acquiring

| anguage, i s possi bl e.

As is well known, sensorineural hearing lossis
Characterised typically by a well defined set of audio-
| ogi cal signs and synptons —el evated threshol ds, abnormal |y
rapi d | oudness growt h, subjective tinnitus, poor speech
discrimnation and a reduction in the tenporal summation of
energy, (salvi at al. 1983). wth the current focus on
early identification and managenent of sensorineural hearing
| oss, probing the subjective and obj ective neasures that
provi de val uabl e i nformati on on these |ines becones a necessity

for the Audi ol ogi st.



Various studi es on cases with cochl ear pat hol ogy
have indi cated el evated behavi oural pure tone threshol ds
but acoustic reflex thresholds at | ower sensation |evels
t han normal hearing subjects (Mats, 1952, A berti end
Kri stensen, 1970, Peterson and Liden, 1972, Mrgolis and
Pepel ka 1974, Wodford et al. 1975, Scharf, 1976* Jerger
et el. 1972; Asen at al. 1975; Northern, 1973).

The | oudness di sconfort |evel (LDL) as a subjective
measure of the lowest intensity |l evel which is judged to
cause di sconfort has been used (1) to delineate cochl ear
| esions from ot her pathologies that yield LDL's at nore
intense levels (2) to determne the appropriate saturation
sound pressure level of a hearing aid that should not be
exceeded in terns of anplification. Various studies have
I ndi cated reduced LDL's for cases with cochl ear pat hol ogy
as conpared to groups of normal hearing listeners.(Mller+

1972y Dudich, et al. 1975; MLeod and G eenberg, 1979).

Research in the recent past has shown that prediction
of sensorineural hearing |l oss is possible fromthe acouatic
reflex. Hearing sensitivity and Sl ope of the audionetric
configuration may be predicted by observing the relationship

bet ween t he acoustic reflex threaholds for pure tones and
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broad band noi se (N eneyer and Sesterhenn, 1974; Jerger,
1974, Schwartz and Sanders, 1974). In the Indian content,
Mithlli, (1976) and Kam ni (1982) found the noi se-tone
difference (NTD) to be reduced for sensorineural hearing
| oss and Raghunath (1977), Sudha K Murthy (1980) and Joan
D Mello (1982) attenpted to predict hearing sensitivity from

t he acoustic refl ex.

Pur pose of the present study:

1. TO explore the relationship between the results on three
Measures vis. Behavi oral Threshol d, Acoustic Refl ex
Threshol d and Loudness D sconfort Level in a nornal

heari ng and sensorineural hearing | oss popul ati on,

2. To arrive at a predictive equation between the three
vari ables so as to predict one fromthe other, if the

former is difficult to assess directly, for any reason

| npli cations of the study:

The test situation intheclinic is often not to the
i king of nost children who ot herw se may be cooperative
and friendly in a nore natural environnent. Therefore the
evaluation of the difficult-to—test population is often
a chall enging and even frustrating task for the Audi ol ogist.

In such a situation, froman objective neasure as acoustic



reflex threshold (ART) that may be the only feasible

neasure, the audiol ogist nay be able to estinates

1.

The behavi oural threshold for a cl ear diagnostic
pi ct ure.
The | oudness disconfort |evel for appropriate hearing

aid fitting.



REVIEW OF LITERATURE

1. Term nol ogy defi ned:

1.1: Sensorineural hoaxing | oss: Characterised by a well

defined act of audiol ogl cel sign a and synptons such as
el evated threshol ds, abnornally rapid | oudness grow h ,
subj ective tinnitus, poor speech discrimnation and a reduc-

tion in the tenporal summation of energy (Salvi at al. 1983)

Recant single unit studies in the area of Auditory
Physi ol ogy have provi ded i nsi ght into the underlying nmeche-
ni sms whi ch may be responsi bl e for these synptons and hel ped
refine concepts on how acoustic Information is processed in
normal and hearing inpaired ears. Single unit studies per-
formed on anlnmals with noi se or drug induced hearing | oss
hare reveal ed significant changes in neural tuning and neural
sensitivity. In addition, timng of neural responses is
also altered if the data axe evaluated in terns of the inten-
sity above threshold. The pattern of spontaneous activity
may al so be affected by sensorineural (SN) hearing |oss
al t hough the di scharge patterns over tinme and t he di scharge
rate Intensity functions at their characteristic frequencies
do not seen to be altered in the pathol ogical ears (Salvi,

Hender son, Haraem k and Ahroon, 1983).

It is well docunented that the frequency selectivity

of thenormal as is renmarkable in conparison to nost
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electronic filters and that processing of conpl ex acoustic
signal s such as speeeh occurs, thanks to the activerole
of these neural fllters. One of the nost significant chaanges
that occurs in ears wth sensorineural (SN hearing loss is
t he broadeni ng of theae neural filters. Thus, when conpl ex
signal s such as speech are presented at suprathreshol d | evel s,
I ndi vidual units may be unabl e to respond to sel ective conpo-
nents of the signal. Factors such as upward spread of mnasking

may al so add to such effeects.

1.2 Acoustic Reflex Threshold (ART}: The |lowest intensity

| evel at which the stapedius nuscle reflex activity may be
elicited i s achieved by using an i npedance bridge or neter.
Though there i s no conpl ete agreenent, the accoustic reflex
Is generally regarded as a suprathreshol d | oudnass reeponse
with reflex thresholds occuring in the normal ear at sensa-

tion levels of 70 to 90dB (Scharf, 1976).

1.3 Loudness D sconfort |level (LDL): The mninumintensity

| evel which ia judged to cause diaconfort (i.e. an infavou-
rabl e subj ective responce) to the patient when applied
nonaural ly at specific pure tone frequencies or in the form
of other types of test signal as speech, noise or warble

t ones.

2.0 Acoustic Reflex Test and Loudness recruitnent: since the

i ntroduction of ABLB test by Fow er (1937), the neasurenent of
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| oudness recruitnent as atool in differential diagnosis
has recei ved consi derabl e attention. However traditional
| oudness bal ance procedures require subjective judgenents

by t heli stener whi ch are soneti nestedi ous andti ne consum ng.

Met z (1946) was the first to suggest the neasurenent
of relative dynamc inpedance as a direct objective deter-
mnation of |oudness recruitnent. The Metz test was proposed

in 1952 as adirect test for recruitnent.

Wi | e t he acoustic refl ex threshol d occurs at 7G90dB Sl ,
generally in the nornal ear, inthe SNinpaired ear the
acoustic stapedial reflex is obtained at sensation |evel s(S's)

| ess than 60db and this i s suggestive of recruitnent.

Studi es by several researchers (Metz, 1952; Kristensen
and Jepsen, 1952; Thonsen, 1955; A berti and Kri stenson,
1970; Jerger et al. 1972; A sen, et al. 1975) have all shown
refl ex threshold to occur at sensation | evel s bel ow 60dB

as consistent with | oudness recruitnent.

Met z (1952) argued that because of the rapid growh
of loudness at suprathreshold intensities, reflex threshol ds
inthe recruiting ear occur at the sene hearing levels in

the nornmal ear but because of hearing | oss in the inpaired
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ear, the reflex thresholds are seen to occur at reduced

sensati on | evel s.

Jerger (1972): suggested a linear 1:1 linear rela-
tionshi p between sensation |evel of the reflex and the
degree of hearing loss i.e. in cases who denonstrated
| oudness recruitnent, the reflex SL decreases |linearly
with each increase in hearing | oss and the m ni num SL

reduction i s approximately 25dB.

Martin and Brunette (1980) tested fifteen subjects
wi th unilateral sensorineural hypacuals to determne the
sound intensity eliciting the normal reflex in normal and
inpaired ears and the sound intensity in the nornmal ear
which is equal in loudness to the intensity eliciting the
reflex in the abnormal ear. Results of his study suggested
t hat | oudness may not be the nediating factor in the acoustic
reflex end thus the reflexes at low S's observed in hearing
i npai red ears need not be unequi vocal indicators of recruit-

nent .

Despite the existing controversy on whet her refl ex
behaves according to the | oudness of the activating signal
(Ross, 1969, Beedl e and Harford, 1973; Peterson and Li den,
1972, Jerger, 1972; Margolis and Popel ka, 1974; Bl ock, 1977,
1979; Kartin and Brunette, 1980), there remains a pl ethora
of evidence to suggest that theMet ztest can be used
successfully as an objective indicator of the phenonenon

of recruitnent.
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| rrespective of whether the test denonstrates recruit-
ment or not, thecrucial considerationis the fact that the
acoustic refl exes st reduced sensation levels is highly

consistent wth the presence of cochl ear pat hol ogy.

Fitz Zal and and Barton have suggested a fornul a that
may provi de a nore precise classification of |oudness

recruitment. They defined Dfference Ratio Quotient or (DRQ
as : DRO= (A X - (BY) where A= ART better ear

Pur et one threshol d
better ear.

X

B=ART poorer ear.

Y =Pur et onet hreshol d
poorer ear.

DRQ of one indicates conpl ete recruitnent
DRQ between zero and one indi cates partial recruitnent
DRQ greater than one indi cates hyper recruitnent

DRQ of zero indicates no recruitnent.

3.0 Sensorineural prediction fromthe acoustic reflex:

Studies inthe resent past have shown that the hearing
sensitivity and the sl ope of the audionetric configuration
can be predicted by observing the rel ati onshi p between t he
acoustic reflex thresholds for pure tones and broad band
noi se. In the nornmal ear, the stapedial reflex for broad
band noi se occurs at a significantly | ower SPL than that

required for a reflex response to a pure tone.
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3.1 Average hearing | oss:
Ni eneyer and Sesterhenn (1974) used the formula
HTL(DB) = T - (DXX)
where T = Average ART in dB SPL for pure tones of
frequenci es 500 to 4KHz

D =T mnus ART for BBN

K - 2.5dB constant.
According to N eneyer and Sesterhaan, hearing threshold
| evel (HTL) was cal culated within +10dB in ! 3% of 223

SN inpaired ears, wthin +5dB in 17% and = 2dB in 10% cases.
3.2 Hearing level with specific tonal stinuli:

Sest erhann and Breani nger (1977) suggested that by
uaing a preactivating stinmulus of 6 to 8KHz, threshold can
be obtained at a | ower sensation level. First, the inten-
sity of the tone is adjusted such that it elicits a reflex.
Then the test tone and preactivating stinulus are given
si mul taneously. The intensity of the preactivating stinulus
IS constant but the test tone should be reduced until any
reflex activity disappeared. The fornul a suggested is;
Threshold - ARTE - K ARTg - AKT(rg K
where ARTE- 1s acouatic reflex threshold at the test frequer

Kis anmltiple for the test frequency

ARTrggr IS the ART in the presence of preactivating

stimulus (6 or 8KHz)
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K val ues 2.75 for 250 and 500Hz
3 for 1000Hz
3.5for 2000Hz

4 for 4000Hz

Baker and Lilly (1976) found a regression equation.

+0.83 AR?(1000ms nL) = 9443 ART(2000ms up)*0»%% ART4q00u
HL,

=54
Where HIL - Hearing threshol d | evel
BBN - Broad Band noi se | evel
SPL - Sound pressure |eve
HL - Hearing |evel.
However nost subjects with hearing inpairnent do not exhibit

acoustic reflex threshold at 4000Hz naking the procedure

i nval i d.

3.3 Estinmating, magnitude and configuration of hearing | oss:

Unli ke the earlier investigators, Jerger et al, 1972
found and nonlinear relationship between senori neural hear-
ing loss the acoustic reflex threshold. Jerger et al
(1974) proposed a new nethod called sensitivity prediction

by acoustic reflex (SPAR). The unweighted SPAR formula is
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D = PTAR - WN AR+C
where PTAR is pure tone acoustic reflex threshold at
500Hz, 1000Hz and 2000Hz divided by 3
WN AR i s white noise acoustic reflex threshold in
dB SPL.

Cis the correction factor

The wei ghted fornmula using |ow pass filtered noi se

and high pass filtered noise is D=1 + m+ n where
3

| = Average ART in SPL for 500, 1K, 2K - ARTggy
m = ART 5002 in db SPL - ART BBN

N=ART|owest - ARTggnN

SPAR criteria-Jerger et al. 1974

Noi se tone Broad band noi se in Pr edi ction

di fference dB SPL

Greater

t han 20 Anywher e Nor mal

15 - 19 Less than 80 M | d-t o- nbder at e
15 - 19 Greater than 80 M 1 d-to-noderate
10 - 14 Anywher e M1 d-to-rcoderate
Less than

10 Less than 90 Sever e

Less t han

10 Greater than 90 Sever e

No refl exes Pr of ound
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Degree of hasting | oss - Jerger, et al. 1974.
Cat egory. Citeria
Nor nal PTA | eaa than 20dB HL
MId to noderate PEA from 20 to 49dB HL.
Severe PTA-from50 to 84dB HL
Pr of ound PTA of 85d8 HL and nore

Jerger et al (1978) preaant extanaive data upon which
several concl usions are based regardi ng varianca i n accuracy
of SPAR predictions. They found that accurate prediction
of sen ori neural loss by SPARia a function of the patient's
chronol ogi cal age. Prediction accuracy i s nost successful
in children upto the age of 10 years and | east accurate in
older adults. Inthis study, 100%of the children predicted
to have normal hearing did indeed show nornmal hearing while
severe hearing | oss was predicted 85%of the tine. However
predi ction of noderate hearing loss in children was | ess
accurate due to the conplex effect of SN|loss as a function
of audionetric configuration, type of signal and degree of

| oss.

3.4 Reflex |atency neasures:

Norris et al, 1974 recorded graphically stapedial reflex
at |1 dB above ART in 22 nornals and 22 hearing inpaired
children at 500, 1000 and 2000Hz. The wi dth of the pul sed
conponent was divided by the total reflex anplitude to obtain

Refl ex Rel axation Index or RRI in percentage.
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RR 1= (-/?.l 2 L85/.

* RRI= 31/1-“: s 1) 54

Therefore the degree of relaxation is considerebly reduced

inthe hearing inpaired (RRI |ess than 30% group.

Leiten, 1974: studied the RRI for 26 nornal hearing
and 18 SB | oss subjects at frequencies 500Hz, | KHz, 2KHz,
4KHz and found (1) Test retest reliability good for both
groups at all frequencies (2) Teat in sensitive to identify
m | d hearing | oss (26-40dB HTL) when 30%cut off used (3)
Acut off 40%has a better predictive accurracy (4) test

valuable in identifying SN | osses.

3.5 Indian Studies:
1. Mithili (1975): Conpared reflex thresholds for pure

t ones, narrow band noi se and w de band noi se in 100
normals and 15 SN | oss cases. Reported a reduced
noi se-tone-di fferenced( NTD) f or SNI oss.
Mean reflex threshold for pure tones = 90.1 dB SPL and
for w de band noi se 66. 7dB SPL.

2. Raghunath (1977): nmade an attenpt to standardize
N eneyer and Sesterhenn's formul a but found a nunber
of false positive errors. Hence provided a few nmulti -

plication factors which are frequency specific.
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3. Sudha Murthy (1980): Assessed useful ness of SPAR
I n 30 normal hearing subjects from11.5 to 25 years
of age. Reported 98.44%w th wei ghted and 93. 75%
wi t h unwei ghted fornmul a.
4. Joan D Mello (1982): Assessed SPAR for 36 nornal
hearing children in the age range 5-10 years.
Mean ARTs 500Hz - 95dB HL, | C00Hz - 91dB HL 2000 - 91dB HL
The average ART across frequencies varied from380dB - 116dB M.
Concl usions: a) Children exhibited | oner ART for BBN t han
pur e t ones.
b) Noi se tone difference (NTD) in children can

be used to predict hearing | oss.

4.0 Loudness Disconfort Level (LDL):

The neasurenent of LDL's has received increasing atten-
tion over the last decade though a great deal of variability
exists in the procedures, applications and expected val ues.
( Hawki ns, 1980) .

4.1 Termnol ogy: Theterns LDL, unconfortabl e | oudness | evel

(ULL) and threshold of disconfort (TD) are sonetines used
synonynously. However since procedural distinctions exist
and val ues reported by different investigators differ w dely,

one ahoul d not consider these terns as representing equi va-

| ent auditory sensations w thout examning the instructions
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and procedures that were enpl oyed. The choice of LDL
in this study reflects the increasing use of this term
(D rks and Kamm 1976; Denenberg and Al tshul ar, 1976;
Morgan et al . 1974; Mrgan and Dirks, 1974; Ski nner, 1977).

4.2 bjectives: To neasure the mninmnumintensity | evel

whi ch i s judged to cause disconfort (i.e. an unfavourable
subj octive responce) to the patient when applied nonaurally
at specified pure tone frequencies (The procedure is

descri bed for pure tones but is al so applicabl e when using

ot her types of test signal eg. speeeh, noi se, warble tones).

4.3 Instructions The exact instructions given have a

consi derabl e effect on the outcone of the test. Inlite-

rature, the follow ng distinct types may be found.

a) Initial disconfort: Instructions of this type include
the word 'first' and suggest the begi nning of disconfort
eg. the point when t he sound becones annoyi ng ( McCandl ess,
1973). Called "disconfort” by Slvernman (1947).

b) Definite disconfort: Simliar to earlier type but does
not use the word 'first' eg. By too |oud, we nean when
t he sound i s above the | evel to which you woul d choose
tolisten for any period of tine - Morgan et al. 1974.

called "tickle' by Slverman (1947).
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and procedures that were enployed. The choice of LDL
inthis study reflects the increasing use of this term
(D rks and Kanm 1976; Denenberg and Al tshul er. 1976;
Morgan et al . 1974; Mrgan and Dirks. 1974; Skinner, 1977).

4.2 bjectives: To measure the mnimumintenaity |eve

which is judged to cause disconfort (i.e. an unfavourable
subj ective response) to the patient when applied nonaurally
at specified pure tone frequencies (The procedure is
described for pure tones but is also applicable when using
ot her types of test signal eg. speech, noise warble tones).

4.3 Instructions: The exact instructions given have a

consi derabl e effect on the outconme of the test. Inlite-
rature, the follow ng distinct types may be found.

a) Initial disconfort: Instructions of this type include
theword '"first" and suggest the beginning of disconfort
eg. the point when the sound becones annoying (MCandl ess
1973). Called "disconfort" by silverman (1947).

b) Definite disconfort: simllar to earlier type but does
not use theword 'first' eg. By too loud, we mean when
t he sound i s above the level to Wich you woul d choose
tolisten for any period of time - Mrgan et al. 1974.
Called "tickle' by Silverman (1947).
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Extreme disconfort: Inplies pain or severe disconfort
eg. 'when you feel like removing the earphones from
year ears (silverman, 1947 called this pain
"Muscl es around eyes start twtching" (\Wellengels, 1967)
"So | oud as to cuses physiol ogicai disconfort” (Newby,
1972).
"\When t hese sounds become too | oud and hurt your ear"
(Hol mes and Wbodf ord, 1977) .
According to the British Society of Radiology (1987),
the follow ng or equivelent instructions should be used:
"I will gradually increases theloudness of the sound in
year ear and you nust indicate (by pressingthe button/
rai sing your hand) as soon as the sound becomes uncom
fortably | oud".
Anore clinically feasible set used in this study:
(Method of limts) - "I will gradually increase the
| oudness of the sound in your ear and you nust indicate
by raising your hand if |ouder, lowering if softer and
keepi ng horizontal if constant. |f the sound becones
unconfortably loud, please lift your finger to indicate

t he sanme".

4.4 Recommended stinulil: Have included pure tones, noise

and speech delivered through standard earphones, insert

ear phones, sound field, and | owinpedance hearing aid receivers.
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4.5 Met hods used: (Morgan, WIson and Dirks, 1974).
a) Method of Ilimts: The stimulus is under the experinenter's

control and the subject sinply responds after each present a-
tion. The level of the sound is presented in an increasing
(ascending) fashion until the desired LDL is reached.

b) Method of constant stimuli: Presentation of various

stimulus levels to the subject is done in a random order.
This is not a sequential procedure and a range of intensi-
ties based on prior experience may be chosen to | ocate the
LDL.

c) Method of adjustnent: Unlike the method of Iimts here

the stimulus is controlled by the subject instead of by the
experinmenter and the level of the stinmulus is varied con-
tinuously rather than in discrete steps.

d) Tracking method: In this procedure devi sed by Bekesy

(1960), the level of the stimlus changes at a fixed rate
and the direction of [evel change is controlled by the
subject via a push button switch. The switch is pressed
when the tone is audible and this decreases the sound | eve
and is rel eased when inaudible to increase the sound | evel.

e) (bjective nethod: A recent study by Thornton et al (1987)
investigated the relationship between Jewett Wave-V | atency

of ABR and subjective | oudness disconfort to ascertain if
objective estinmation of LDL is possible.
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ABR recordi ngs were taken from8 nornal hearing
subjects at the stimulus intensity corresponding to their
LDL and at stinulus | evels from10 to 30 dB bel owthi s.

The wave VLIF did not correlate will with LDL. However
the slope of this LIFdidcorrelate to a high degree and

a predictive nodel of LDL was derived. simlar neasure-
nmants taken from12 cochl ear inpaired subjects with a range
of audionetric profiles showed that subjective L's could
be predicted using the wave VLI F to an accuracy of +5dB,

usi ng t he nodel derived fromnornmal hearing subjects.

4.6 Applications:

a) Assists in determning the appropriate saturation sound
pressure | evel of the hearing aid chosen for anplification
whi ch is suggested as the el ectroacoustic characteristic
nmast related to user satisfaction (Franks and Bechnan. 1982;
Li bby, 1983; WAl ker et al, 1984; Hawkins, 1984). DOllon et al
(1984) neasured the hearing aid SSPL 90 on two groups - one
who reported | oudness di sconfort when wearing their hearing
aid and other that did not. Their results clearly showed
that as SSPL 90 exceeded the LDL, |oudness disconfort wth
hearing aid use was reported. Therefore, thereis clear
agreenent on one aspect of the SSPL-90 selection - that it
shoul d not exceed the user's LDL. Hence the LDL neasur enent

iscritical.
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b) Diagnostic application for differentiating cochlear
pat hol ogi es fromconductive, m xed aad retrocochl ear
pat hol ogi es. Dix(1968): Found that in nornals and cochl ear
| esions in whomrecruitnment was danonatrabl e by the nature
of lesion or by ABLB technique, the LDL's lie within a range
of 95-105dB. However in conductive and retrocochl ear
| esions, the LDL'S coul d not be established within the
maxi mum audi ometric limts of 120dB.

5.0 Relationship between behavioral thresholds, acoustic

reflex thresholds and LDL's:

Beedl e and Harford (1973) carried out a study to explore
the relationship between acoustic reflex growth and | oudness
growth at 500, 1000 and 2000Hz. Two groups of subjects with
ten normal hearing and ten unilateral hearing |oss cases
resulting fromendol ynphatie hydrops were tested. Acoustic
refl exes were recorded graphically at successive 2dB incre-
ments fromreflex threshold to an SL of 16dB using an ascend-
I ng/ descendi ng approach. ABLB test was perforned at three
sensation levels (ref.ART). Results indicated that the slope
of the acoustic reflex growth function is much greater and
more rapid than that of the unilateral hydrops group. This
was attributed to the aged differences between the groups
(mean ages for nornmal and SN | oss groups were 24 and 47 years
respectively). The growth function, being simlar otherw se
for both groups, the diagnostic significance i s questionable.
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Wodf ord and Hol mes (1977)s studied the rel ation-
Ship between LDL and ART in seventy eight subjects with
audi ol ogi cal signs consistent with hearing | oss of
cochl ear etiology (mean age of 29.7 years and range of
11-61 years).

Found ART and LEL using a tracking proeedura for
pure tone stimuli from500Hz to 1KHz and wi de band noi se
with a band width of 500Hz and center frequency of 2000Hz.

Wthintheclinical group, two sub groups: (1) subjects
with loss of hearing only at pure tone frequencies higher
than 2000Hz. (2) Subjects with |oss of hearing extending
to frequenci es of 2000Hz and bel ow. The idea behind this
grouping was that moat in the latter category and only few
inthe former category woul d benefit fromanplification,

The ART-LDL rel ationship were close for both groups
for pure tones but for narrow band noi see the high frequency
hearing | oss group shows is greater diffarence between
the ART and LDL measures. The individual data indicated
t he rel ationship between these neasures to be a variabl e one.

Hol mes and Wodf ord (1977) studied childrenw th hearing
| evel s rangi ng between 95 and 1056B SPL. The instruction*
wer e given by manual communication and subjects asked to
I ndi cate whan the signal became too [oud and hurt their ears.
such procedural differences may account for the large LOU's
(118-128dB SPL) as conpared to other studies.



Kal | atrom and Caratenaen (1978) studied the perception
of loudness and the acoustic reflex in twanty nornmal hear-
ing adults with threshol ds 10dB or better between 500 and
4000HZ (mean age - 25.2 years). Results of this study indi-
cated a direct correlation between t he perceived |evel at
whi ch pure tones became | oud enough to be unconfortabl e and
t he acoustic reflex threshol d. Subjects seened to indicate
a lower intensity Wen the stinuli arewithin the confortable
| oudness range but when exposed to stimuli which exceed the
confort range, the point at which subjects recognise dis-
Confort lies closer to the stapedial reflex as conpared to
previous studies.

Kenmet al (1978) studied the effect of SB |oss on
| oudnass disconfort |evel (LDL) and nost confortable |evel
(ML) judgenents. Pure tone and speech stinmuli were used.
Medi an LDL and MCL |evels were observed at relatively con-
stant SPL'a for subjects with hearing |oss less than or
equal to 50dB HL and at progressively higher SPL's with
further increase in the degree of hearing | oss correlation
anal ysis verified a statistically significant relationship
between LDL and the magni tude of hearing |oss. The nonlinear
rel ationahip between LDL and hearing | oss together with |arge
I ntersubject variability inthe data suggests that predic-
tion of LDL fromhearing | oss may often be highly inadequate.
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Shapiro (1979) eval uated the rel atl onahi p bet ween
hearing threahol d and | oudness di sconfort |evel using NBNin
2 groups of patients wth sensorineural hearing | oss
group-1 had thresholds ranging from25 to 60dB SPL and
group-2 had threshol ds ranging from65 to | 00dB SPL.
NBN centred at 500, 1000, 2000 and 4000Hz was used. The
LDLs were found to bo greater for group-2 than for group-I.
This finding was not in agreenent w th woodf ord and Hol nes
(1977) and Hoode and Pool e (1966) who found no significant
differences in LDLs as a function of the degree of hearing
| oss. Data fromthis study suggests that patients wth
tones greater than 60dB SPL may bo able to tol erate hearing

aids wth greater SSPL's.

Kei th (1979) studi edt herel ati onshi p bet ween | oudness
and t heacoustic reflex in nornal hearing and cochl ear
| npai red subj ects using ear phone and sound field conditions.
Innornmal s, the nost confortabl e | oudness | evel (ML) is
el evat ed by noi se whil e the ART renains at a constant | evel .
However i nt he cochl ear pat hol ogy subj ect s bot h MCL and ART
are elicited at the sone level withthe LDL occuring at a

| evel 18dB above these neasur es.

Rtter et al (1979) obtai ned LDL. and ART for two groups
of 10 nornal subjects each and one group of 20 adults with
SB | oss. Pure tones, warbl e tones and speech stimuli were

used i n earphone and sound field conditions. Cne group of
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nornmal hearing subjects and the SN |oss group were given
"for loud,'unconfortably loud" 'annoyingly loud instruc-
tions while a second group of normal hearing subjects were
asked to respond when a sound first starts to become un-
confortable. Results indicated that LDOL's regardl ess of
hearing | osses were reported at higher SPLs than acoustic
reflex thresholds but the nmagnitude of the differences bet-
ween the neasures varied according to the type of instruc-
tions, transducer,test stinmulus and hearing sensitivity.

McLeod and G eenberg (1979) obtained acoustic reflex
threshold first and a method of constant stimuli for LDL
to deci de Whet her the stinmulus was unconfortably | oud
(yes), or not too loud 'no). For pure tone stinuli, the
hearing inpaired group showed URL's at or below ART. Signi-
ficant differences were found between ART and LDL for each
group. Anultiple refression analysis indicated significant
correlation between ART and LDL. Ranges of prediction error
were chosen to investigate the ability of ART to predict
LDL. Both pure tone and speech stimuli successfully pre-
dicted LDL within +10dB for all subjects and +5dB for 75%

The major findings of this study were:
1. The significant positive correlation between LDL and
ART agai nst nost other studies.
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2. LDL prediction fromART wi thin +10dB for 100%
subj ects and within +54B for 73%subj ects.
3. Presence of hearing | oss on the average shifted
ART nore than LDL.

Newran, Keul's nultiple conparisons on LDL/ ART nmeans
for normal and hearing inpaired subjects.

subj ect s ART LDL | KHz 2KHz  Speech

Nor mal
| KHz vs 2KHz ns ns -
1KHz vs speech

2KHz vs speech ' ] ] ]
ART vs LDL _ - ns ns *
Hearing | npaired

1KHz vs 2KHz X ns - -

1KHz vs speech ns - - -
2KHz vs speech ns ; - -
ART vs LDL ) ) ns

LDL

Nor mal vs SN - - X * *

ART } } * *
Normal vs NS

Tabl e-1 shows the LDL and ART for normal * and SH | 0s*.
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Conpari sion of Loudness Disconfort |evels and Acoustic Reflex
Threshol ds for nornal hearing and hearing inpaired subjects
using different LDL instructions and different acoustic

stimuli.

St udy Subj ect s Sinuli Threshol d | evel

N eneyer Sensori - Puer tones ART's aaé)prxi mat el y

(1981) neur al 10-20 dB | over than

LDLs

Not defi ned

Ml er Nor mal ( N=80) Pure tones SPL LDL ART

(1972) G oup-1 - 20 (250-4KHz) Qoup-1 100 99

LDL- instruc Goup-2 - 20 speech G oup-2 107 97

tions Goup-3 - 20 G oup-3 121 97

varied fey Goup-4 - 20 Group-4 95 100

gr oups

McCandl ess  Nor mal (N=15) Pure tones ( SPL)

& Mller 500, 1000, LDL SRT

(1972) 2000, 4000 PT 99dB 95
speech speech95dB 89

LDL: first Cochl ear Pure tones Results simlar to

i ndi cat es (N-20) 500- 4KHZ above group (80-

experience speech | 00dB HL)

of di scom

fort/

annnoyace.

Morgan et al  Normal Pure tones ARTsconsistently

(1974) VBN | oner than LDLs

LOL-t oo | oud

unconfort a-

bly | oud

annoyi ngly

| oud
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St udy Subj ect s Stinmuli Threshol d | eve
W Il son and Nor nal Pure t ones AM
Fstkind, N=20 Speech 250 82 84
(1973): LDOL. 500 84 92
net defi ned 1000 87 92
2000 84  $1
4000 84 84
speecht 66 8%
Dudi ch et al Nor nal Pure tones M5<  AKT(3CW
(1975) LDL( (N=12) Speech 500 85 95 "R
( Nor mal ) gr oups) 1000 84 93
Too | oud, uncom 2000 84 91
fortably I oud, Speech 91 83
Annoyi ngly | oud.
LDL( Cochl ear) Cochl ear Pure tones LDL ART
sane as above (N=1 ) speech 500 90 102
1000 88 97
2000 90 100 SPL
speech 100 104
LDL(cochl ear) Cochl ear Pure tones 500 103 97
( N=6) speech 1000 100 95
tol erabl e 2000 95 96
Intensity speech 107 98
Ber ger (1976) Nor nal Pure tones LDL  ART
LDL- uncom (N=40) 500 108 97
fortably I oud 1000 106 92 SPL
2000 107 93
4000 107 93
LDL
Denenberg and Nor mal speech ART (SPL)
Al t shul er (1976) (N=5) 90 86
LDL- The poi nt Sensori -
at which the neur al 107 95
cosversation (N=15)

_ _becones uncom

fortably | oud
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St udy subj ects Stinmuli Threshol d | evel
McLeod(1977) (Nor mal ) Par et ones LDL ART(SPL)
LDL too | oud ( N=15) 1000 1000 99 95
or unconfor - 2000 2000 98 96
tably | oud. speech 102 91
LDL ART
Sensori - 1000 109 109
neur al 2000 110 116
(N=15) speech 108 102
McLeod and Nor anal Pur et ones LDL. ART
Q eenber g(1979) (N=15) 1000Hz 98.5 95.9
Unconfortably 2000Hz 98.7 96.1
loud - yes. Speech 102.7 91.7
Not too | oud Heari ng Pur et ones
- ho. i npai r ed | 000Hz 109.3 110.6
2000Hz 109.7 116.1
Speech 108.9 102.3
TABLE- 3

To explore the above introversial relationships, the follow ng
nul | hypot heses were formul ated for this study.

| .No significant differences exist between the normal and
hearing inpaired groups in terns of the three neasures.

2.NO significant differences exist between the results on
the three nmeasures within each of the two groups.

3.No significant differences exi st between the different
degrees of hearing lose interns of the different neasures
anong t he hearing inpaired individuals.



METHODOLOGY
1. Subjects:

Twenty students of the All India Institute of Speech
and Hearing with a nean age of 19.5 years forned t he nornal
hearing group. Thecriteria used in their selection as
subj ects were:

(i) Bilateral puretone air conduction thresholds no poorer
t han 20dB HL (ANSI. 1969).

(i1) Presence of normal 'A" type tynpanogramand acoustic
reflex thresholds bilaterally.

(iii) No clinical history of otological infection or injury
or hearing | oss.

Twenty individuals wth mld to severe degree of sensori -
neural hearing | oss wth a/mean age of 38.8 years forned the
hearing inpaired group. The criteria used for selection:

(i) Elevated AC threshol ds and BC threshol ds with BC threshol ds
wi thin +5dB of AC thresholds in one or both ears.

(i1) Presence of 'A" type tynpanogramand acoustic reflex
threshol ds bilaterally,

(iii) dinical hiatory of tolerance problens, tinnitus and
poor speech discrimnation in noiseinoneor both ears.

(iv) No history of ear discharge/noise exposure/famly history/
met abol i ¢ di sorder s/ hypertension.
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Inall, twenty normal and twenty sensorineura
inpaired ears were used to obtain results for this study.

2. Test environnent and |nstrunentation:

Testing was carried out in the sound treated audio-
metric roons of the Al India lnstitute of speech and
Hearing, Mysore. Care was taken (1) to provide adequate
lighting and ventilation for the test (3) to keep the
anbi ent noise levels within the test roomwell within the
maxi numspecified levels in dB SPL as per ANSI standards
(1977).

Pure tone audiometry for determnation of behavioral
threshol ds and | oudness disconfort levels was carried out
using GSI-16, a two channel diagnostic audionmeter with
mat ched TDH 39 ear phones and MX-41/ AR ear cushi ons.

| mm ttance audionetry, to determ ne the acoustic reflex
threshol ds for this study, was done using MADSEN ZO 174,
a conputerized instrunment with mcroprocessor technol ogy
with head set HS-174. TDH 39 earphones and Tel ephoni cs
P/'N 5100017 ear cushions. This instrument measures the
acoustic immttance of the ear in terns of sound flow and
regers collectively to the measures of acoustic inpedance
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(apposition to sound flow neasured in acoustic ohns)

and acoustic admttance (neasures of sound flowin
acoustic nmho). Please see photograph

3. Stinuli:

Pure tones of frequencies 500Hz. 1KHz. 2KHz and
4KHz were used as stinmuli and routed through the TDH 39
transducer in both the diagnostic audioneter and the
I nmttance audi oneter.

The intensity limts of the diagnostic audioneter
were -10dB to 120dB with attenuation possible in 5dB steps
Intensity level of tha pue tone stimuli of the immttance
audi oneter is incremented automatically in 10dB steps from
70dB t o 120dB.
Only | ow frequency probe tone of 226Hz was used for testing.

4. Calibration:

a) D agnostic Audi ometer GSI-16

(i) Listening check was carried out prior to testing for
- Oracking or wearing of earphone cords

—Loose dials

- Audi bl e nechani cal clicks

—Frequency and intensity of the stinulus
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(ii) Biological calibration was done to obtain audionetric
zero for 5 normal hearing admts periodically.
(ii1) Artificial ear/coupler method.

The acoustic output is routed fromthe GSl-16 audi o-
met er through the earphone TDH 39 and fed to an artificial
ear with a condenser M crophone and 6¢cc coupl er. Qut put
SPL neasured by placing the earphone on the coupl er and
mounting a 500 gramwei ght on top of the earphone. The
output in dB SPL was adjusted using a sound | evel neter
B&K 2203 and octave filter set B& 1613(see figure).

Linearity Check was carried out in 5dB steps. Harnonic
distortion was found to be within +3%at all frequencies.

b) I nmttance audi ometer Z0 174.

i) Biological calibration was done by cheeking t ynpanograns
and acoustic reflex thresholds for normal hearing adult
subj ects periodically to cheek air pressure calibration
and avoi d | eakage.

1) Eectroacoustic calibration was done to ensure.

- Qutput SPL of the TDH 39 ear phone.

- Linearity Check

- Probe tone intensity and frequency.

5. Instructions and procedure:

a) for behavioural threshold - results in dBHL "I wishto
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determne the | owest |evel of intensity at which you
can detect the follow ng pure tones. Raise your
finger, even if you hear the softest signal and drop
It when you no nore hear it".

The procedure used for determning the pure tone beha-
vioral threshol dwas the revised Huighson west| ake Pro-
cedure by Carhart-Jerger i.e. increase in intensity at
each frequency was in 5dB steps and decrease in inten-
sity in 10dB steps. The frequencies tested were 500Hz,
1KHz, 3KHz and 4KHz.

b) For Acoustic Reflex Threshol d - CONTRA node result in
dBKL. A probe tone with frequency of 226Hz and pure
tone stimuli with intensity levels at the 4 frequencies
ranging from70dB to 120dB HL (far contral ateral node)
were used for reflex testing.

The contra node of testing was carried out to obtain
the results interns of dB HL.

The following step by step procedure was used.

(1) Select the T& (Tynpanogramand Refl ex) nmode and CONTRA
as the stimuli for the acoustic reflex.

(2) Press AUTO START whan first a tynpanogram and then the
Acoustic Reflex Threshol d for CONTRA node are recorded.
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The frequencies tested are 500Hz, 1KHz. 2KHz and 4KHz
stinulus level is incremented automatically in |10dB
steps from70dBH.. to 1296BHL, until a reflex is
det ect ed.
The Acoustic reflex threshold for the next frequency
Is autonatically recorded after the CONTINUE button is
pressed.
The stinulus | evel may be changed or repeated conpletely
by using the ERASE button.

Test retest reliability was checked wherever required.

For Loudness Disconfort Level (LDL) - Prior training was
given with instructions to elimnate difficulty in

subj ective judgements. The nethod of [imts was used.
The intensity of the puretone stimuli (at frequencies
500Hz, 1KHz, 2KHz and 4KHz) were incremented |a 5dB
steps starting from80CdB HL till the LDL val ue was
obt ai ned (The maxi num audi onetric limt was 120dB HL)
(Morgan, Wlson, Dirks, 1974).

Fol | owi ng was the instructional set used in this study.

wi Il gradually increase the | oudness of the sound (tone)
your ear and you nust indicate by (i) keeping your hand
lzontally at a constant level if the loudness is the sane
) raising your hand if the loudness is increased, (iii)
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| owering your hand bel owthe horizontal |evel, if the |oud-
ness i s reduced.
M ease indicate at the very nonent t he sound becones un—

confortabl e/intol erabl e by raising your finger".

This procedure was repeated in the sane fashion for

test retest reliability.

The sensorineural hearing | oss group was divided further
I nt ofour subgroups based ont he degr ee of hearing!| oss pure
tone average at 500Hz, 1KHz, 2KHz) as per Goodnman's (1965)
Scala for hearing inpai rnent (ANSI, 1969).

dB HPL
1. Mld 27 - 40
2. Moderate 41 - 55

3. Mderately severe 56 - 70
4. Severe 71 - 90



RESULTS AND DI SCUSSI ON

Data were obtained fromthe two groups (twenty
normal hearing ears and twenty sensorineural inpaired
ears) on the three measures viz. Behavioural threshold
Acoustic reflex threshold and | oudness disconfort |eve
at the found frequencies - 500Hz, 1KHz, 2KHz, and 4KHz
(I'ndividual data provided in Tables 1 and 4)

The current design ia therefore of a 2x3x4 type as shown

bel ow:

G oups (normal and SN | 0ss)
Behavi or al Acoustic reflex Loudness di sconfort
t hreshol ds t hr eshol ds | evel s

500 | OHz 2KHz 4KHz 500 1 2 4 500 1 2 4
Hz Hz KHz KHz KHz Hz KHz KHz KHz
Statistical analyaia waa carried out using a sound

statistical software program- NCSS (NUMBER CRUNCHER
STATI STI CAL SYSTEM devel oped Dr.J.L.Hntze on a WPROP. C,
system

fallowng were the statistical operations carried out:

1. statistical summary including nean, standard deviation
and m ni numand maxi mumval ues - shown in table -5
Table 6 shows the normative data obtained fromthe
current study.

2. Repeated measures ANOVA (between groups and between
measures) was done as the results on the three measures



~ NORVAL HEARING GROUP

S. NQ Behavi oral threshold ART (contra) LDL
500Hz 1KHz 2KHz 1KHz 500Hz 1KHz 2KHz 4KHz 500HZ 1KHz 2KHz 4KHZ
1. 0 0 5 0 90 100 100 100 105 115 120 120
2. 0 0 0 0 90 90 100 100 115 115 120 120
3. 0 5 0 3 100 100 90 100 110 115 115 t 20
4. 0 0 0 0 90 100 100 120 110 110 115 120
5. 5 5 0 5 100 90 90 120 105 110 115 115
6. 0 0 5 3 90 90 100 100 110 115 115 115
7. 0 0 0 5 100 100 90 100 105 105 105 115
d. 0 0 0 0 90 100 100 120 110 110 115 120
9. 5 0 0 5 100 100 100 100 105 105 105 110
10. 0 0 0 5 100 100 110 120 115 115 120 120
11. 0 0 0 0 90 100 100 110 100 95 105 110
12. 0 0 0 0 90 100 100 100 110 115 115 120
13 0 0 0 5 90 100 100 100 105 105 115 115
14. 0 0 0 0 100 100 100 100 105 105 115 120
15. 0 0 0 0 90 100 100 100 105 105 110 110
16. 0 0 0 3 100 110 100 100 110 113 120 120
17. 0 0 0 0 100 100 100 110 110 110 115 120
18. 0 0 0 0 100 110 110 120 110 115 120 120
19. 0 0 0 0 100 {00 f 00 110 110 115 115 113
20. 0 0 0 5 110 110 100 120 115 115 120 120

TABLE -




SENSCORI  NEURAL LGOSS
S.No. Type Behavi voral threshol ds ART( contr a) LDL
500Hz 1KHz 2KHz 4KHz 500Hz 1KHz 2KHz 4KHz 500Hz 1KHZ 2KHz 4KHz
1. Moderate 25 40 50 60 100 100 100 115 120 120 110 120
2. Md. Severe 55 65 70 70 90 100 90 115 115 110 120 120
3. Mod. Severe 65 70 65 80 100 100 90 NR 110 115 115 120
4. Mod. severe 55 65 55 55 100 100 100 100 100 100 115 115
5. Moderate 55 55 55 50 100 110 110 100 110 115 120 110
6. Mod. severe 65 70 50 40 100 110 90 120 110 105 110 110
7. Mod. severe 65 65 75 70 90 100 100 90 115 120 115 120
8. Severe 80 75 75 70 110 120 100 NR 110 115 115 120
9. MId 40 45 20 20 90 110 100 NR 110 115 120 120
10. Mod. Severe 75 75 60 60 100 100 100 110 90 95 110 110
11. Moderate 60 55 35 30 110 110 120 NR 100 100 110 115
12. Mod Severe 60 65 60 50 105 100 100 90 105 110 100 105
13. Mod. Severe 65 70 70 65 110 115 100 120 105 105 95 110
14. M1 d 25 30 55 60 80 90 90 110 100 105 105 100
15. MId 20 35 50 55 90 90 90 100 100 100 100 100
16. Severe 75 75 70 65 100 100 90 90 120 120 120 120
17. Moderate 30 60 65 65 90 90 90 120 65 95 105 105
18. Moderat e 30 50 55 65 eo 90 100 120 100 105 100 100
19. Severe 80 80 70 70 90 100 115 NR 105 110 110 120
20. Severe 75 75 80 80 100 100 110 110 105 105 115 120




TABLE-§
;’:-:hbh Count Mean s:m .n.tnl.uu Maximam
Deviation
.m 500 20 0.5 1.54 0 S
"l.!l 500 20 55 19,74 20 80
N ART $00 20 96 S.98 90 110
!Im 500 20 96 9,40 80 110
.lﬂl. 500 20 108,5 4,01 100 115
llm 500 20 10575 8,92 85 120
lm. 1000 20 0.5 1,54 0 S
I'HIS 1000 20 61 14,47 30 80
Im 1000 20 100 5.62 20 110
H,por 1000 20 101,75 B8.47 90 120
'!-II- 1000 20 110,25 5449 95 115
lm 1000 20 108,75 776 95 120
.!'lll 2000 20 0.5 1.54 [+] S
Ii“u 2000 20 59,25 14,35 20 80
'All‘ 2000 20 99,5 5.10 S0 110
lAl‘l' 2000 20 99,25 8,92 90 120
'!-DI‘. 2000 20 114,75 4,99 105 120
'Iﬂ. 2000 20 110,50 759 95 120
.'I.'II 4000 20 2,25 2,55 0 S
Hm 4000 20 59 15,27 20 80
lm 4000 20 108 8494 100 120
Hoor 4000 20 110,.5 11.34 90 120
%, p2 4000 20 117,25 3,79 110 120
Im 4000 20 113 767 100 120




TABLE-§

NORMATIVE DATA POR ART AWD LdL (i~ 4B WL)

1. NORMAL HEARING GROUP

S00Hz 1KHz
ART 96 100
LDL 108,5 110,25

2+ SENSORINEURAL LOSS GROUP

S00Hz 1KHz
ART 96 101.75
LDL 105,75 108,75

99.5
114,75

99,25
110,5

40

4KHz

117,25

110.5
113
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wer e obtained fromthe same set of individuals.
(Resul ts shown in Table-7).

3. Repeated measures ANOVA (between degree of severity of
hearing | oss and betweem measures) was done for the SN
| oss group.

(Results shown in Tabl e-8)

4., T-tests for significance
a) Unpaired T-test was done to determ ne whet her any
significant differences exist for (i) Acoustic Reflex
Threshold (ii) |oudness disconfort between the norna
and SN | oss groups.
(Results shown in Table-9)

b) Paired T-test was done wi thin each group to determ ne
I f any significant differences exist between the
measures of ART and LDL.

(Results shown in Tabl e-10)

5. Correlation and nultiple regression:
Fol  owi ng were the results obtained on anal ysis:
The (bjective neasure of acoustic reflex threshol d( ART)
was taken as the i ndependent vari abl e and t he subj ective
measur es of behavioral threshol ds and | oudness di sconf ort
| evel as the dependent vari abl es.



* Indicates significant
ns - indicates fonegignificant

-

SO0Hz 1KHz 2KHg 4KHz
Between groups » . - "
(FP=79,70) (P 177,21 (F=145,00) (F=122,46)
Within groups hod » . =
(F=803,72) (F=1134,487) (F=1272,77) (F=995,69)
Interaction * “ * ks
effects. (F=93,08) (Pe175,41)  (P=188,75) (P=13755)

(44



* Indicates significant

ns indicates nonsignificant,

Degree

Between measures

Interaction
effects,

-

SO00Hz 1Kz 2KHg 4KHz

L & * *

(F=9 ,84) (F=11,09) (P=11,59) (F=2,55)

£l L ] R ] £l
((r=208,71) (F=247,12) (P=143,43) (F=141,20)
* . ns ns
(F=6,27) (Fe5,10) (F=1,99) (F=1,20)

14
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TABLE-9: Unpaired t-test between groups.
Normal Vs. S. N. | oss
500Hz 1KHz 2KHz 4KHs
ART ns ns ns ns
(T=0) (T=0.77) (T=0.11) (T=0.77)
VA ns ns ns ns
(T=1. 26) (T=0. 70) (T=2.09) (T=2.22)
* indicates significant
ns = i ndicates non-significant.
TABLE-10: Paired T-test within groups.
ARTvs LDL
500Hz | KHz 2KHz 4KHz
Nor nal * * * *
heari ng. Corr=0.29 Corr=0.28Corr - 0.17 Corr=0.41
T=-9. 05 T=-6.40 T=-12.41 T=-4.79
Sensori - * * * ns
neural |oss Corr=0.29 QO r;O. 29 corr=-0.08 Corr =0. 87
T=-3.98 T=3.24 T=4 48 T=-20. 84
* - indicates significant

ns - indicates not significant.
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1. Frequency = 500Hz.
Dependent variabl e - Hps (Behavioral Threshol d of
Heari ng | npai red Gr oup) .
| ndependent vari abl e - Har( Acousti c Refl ex Threshol d
of Hearing I npai red Croup).
(i) GCorrelation=0.61
(i1) Regression equation:

HTHS:]-- 28 HART' 67. 85
(iii) Qiterion of +10dB - 60%correct prediction of

HTHS from Hart

2. Frequency = 500Hz.
Dependent variable - Hp.
| ndependent variable - Hagr

(i) Correlation - 0.29
(i1) Regression equation

HLDL- =0. 27 HART+79- 46
(iii) +10dB criterion: 75%correct prediction of Hp

fr omHarT
3. Frequency = 1000Hz.
Dependent variable - Hpg
| ndependent variable -Hgr
(1) Gorrelation - 0.39

(i1) Regression equation

(iii) +10dB : 50%correct predictionof Hpg fron Hagr
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4, Frequency - 1000Hz
Dependent variable - Hp
| ndependent variable - Hugr
(i) Correlation - 0.29
(i) Regression equation - Hp.=0.27 Haxr +81. 24.
(ii1) +10dB Citeria - 80%correct prediction of Hp,

5. Frequency = 2000Hz.
Dependent variable - Hpgs
| ndependent variable -Hgr
(i) Correlation =-0.107

(i1) Regresion equation - sot valid.

6. Frequency = 2000Hz
Dependent variable - Hp
| ndependent variable - Hgr
(i) Correlation - 0.08

(i1) Regression equation - Hot valid.

7. Frequency - 4000Hz
Dependent variable -Hps
| ndependent variable -Hagr
(i) Correlation - -0.057
(i1) Regression equation - Not valid.
8. Frequency = 4000Hz.
Dependent variable -Hp
| ndependent variable - Hagr
(1) Correlation - 0.07

(i1) Regression equation - Not valid.
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The findings of the study are as foll ows:

1. Fromthe repeated nmeasures ANOVA (Table-7) it is

evi dent that

i) Internms of the three nmerasures viz. behaviora

Qi)

t hreshol d, acoustic reflex threshold and | oudness

di sconfort | evel, there exist significant

di fferences between the nornmal hearing and SN

i npai red groups at all frequencies tested.

Bet ween t he above three neasures of behavi oral

threshol d, ART and LDL, within each of the two

groups there exist significant differences.

interaction effects between t he neasures and

groups al so show significant differences.

2. Fromt he repeated nmeasures ANOVA (Table-8) it is

evi dent t hat

iii)

in terns of the three neasures, there exist signi-

ficant differences between the different degrees

of severity of hearing | oss, nore at | ow frequenci es,

Wthin the hearing inpaired group, **there exist

significant differences between the neasures at all

f requenci es.
Interaction effects own only at 500Hz and 1KHz and

not at hi gh frequenci es.
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The results seemto indicate that at high frequencies

all SN Ioss cases, irrespsetive of degree of hearing |oss

behave identically.

3.

* %

Acoustic reflex thresholds (ARTs) of the SN hearing
inpaired group at all frequencies are simlar to the
Acoustic Regiex Threshol ds (ARTs) of the normal hearing
group (FromTables 5, 6 and 9) i.e. no statistically
significant differences exist between the 2 groups.
This is consistent with results obtained by Martin and
Brunette (1980) who tested fifteen unilateral SN |oss
cases to determne the sound intensity eliciting the
reflex in normal and inpaired ears, and also the sound
intensity in the normal ear which is equal in |oudness
tothe intensity eliciting the reflex in the abnornma
ear.

Rangasayee (1975) repotted the stapadial reflex thresh-
olds to be elevated in SN | oss cases by approxi mately
10-15dB as to conpensate the | oudness | 0oss resulting
fromthe elevated pure tone threshol ds.

The results inply that |oudness may not be the mediat-
ing factor in the acoustic reflex and thus the reflexes
at | ow sensation |evels observed in hearing inpaired
ears need not be unequivocal indicators of recruitment.
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4, FromTables 5 and 6 (statistical summary and nornative
data) it ia evident that |oudness disconfort |evels
(LDLs) for the SN Inpaired group are consistently | ower
than their counter parts of the normal hearing group.
(MIller, 1972; Dudich, et al. 1975).
However, the results of the inpaired T-test in Table-9
show no statistically different LDL's for the two
groups. This may be attributed to the heterogeneity
of the SNinpaired group (evident fromthe large
standard deviations in Table-5 and the significant
differences between the degrees of SN |loss in Table-8).

5. FromTables 5, and 6 and 10, it is evident that stati-
stically significant differences exist each of the

nornmal hearing and SN inpaired groups between the ART

and LDL neasures **consistent with findings of
McLeod and G eenberg (1979) who al so found significant
differences between the 2 neasures for each of their

normal and hearing inpaired groups.

6. FromTable 6, it is evident that presence of hearing
| oss on the average shifted the | oudness disconfort
| evel nore than tha acoustic reflex threshold. This
isunlikethe results of McLeod and G eenberg (1929).
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7. Fromthe correlation and nultiple regression anal ysis
results, it is evident that:

(1) There exists a significant correlation between BIL, and
LDL for the frequencies 500Hz and 1KHz but no signifi-
cant correlation exists between the measures for 2KHz
and 4KHz.

(2) There exists a significant correlation between the
Measures of LDL and ART at 500Hz and | KHz but not at
2KHz and 4KHz.

(3) The regression equations obtained to estinate behaviour
threshold fromART are:

500HZ: Hyy - 1.28 Hwr _ 67.85 Hp= Behaviour threshold
of hearing inpaired.

1KHz Hry =0. 67Hazr . 7.27 Hwr - ART of hearing inpaired.
2KHz = No predictive validity
4KHz = No predictive validity.

(4) The regression equations obtai ned to estinate | oudness
disconfort level (LDOL) fromacoustic reflex threshold
(ART) are:
500Hz: Hp = 0.27 Hwr + 79.46
1IKHz Hy = 0.27 Hygr + 81.24
2KHz: No predictive validity
4KHz: No predictive validity.

The above equation nmay be rounded off to a general formil a:

Hp= 0.27 Haxr + 80
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** The above four results are consistent with the findings
that the acoustic reflex attenuates mddl e ear transm ssion
of energy nost strongly at |ow fraquencies for tones greater
than | OQdB SPL but not for frequencies above 1500Hz (Mrgan
and Dirks, 1975). Hence while estinmation at |ow frequencies
iahighly predictable, thehigh frequencies (2KHz and 4KHz)
suffer in conparison.

5. Qiterion used for the range of prediction error to pre-
dict (a) Behavioral threshold fromART (b) Loudness
disconfort level fromART, was +10dB.

a) The correct estimation of behavioral thresholds fromART
was not vary significant (60%and 50%respectively at
5Q0Hz and 1KHz). This is consistent wth studies by
Jerger et al. (1978) who found that accurate prediction
of sensorineural hearing loss is a function of the
patient's chronol ogi cal age. Prediction accuracy is
most successful in children upto the age of 10 years
and | east accurate in ol der adults.

Hence despite thepoor rate for the adult popul ation as
gi ven about, the equation would be highly valid for
young chi |l dren.

b) Correct estimation of LDL fromART was hi gher (75%and
80% respectively at 500Hz and 1KHz).



** The predictive equations nmay be used with good predictive
validity to estimate the subjective threshol ds of Behaviour
Threshold and LDL fromART in the difficult to test group
validity the multiply handi capped MR and Auti sti c.

*x G gnificant.



SUMVARY AND CONCLUSI ONS

The current study was carried out to explore and
predict the relationship between three audi ol ogi cal
measures vi z. Behavioral Threshol d acoustic reflex
Threshol d (ART) and Loudness Disconfort Level (LDL) in
normal and sensorineural hearing inpaired |isteners.

Twenty normal hearing ears and twenty sensorineural
ears were tested at four frequencies - 500Hz, 1KHz, 2KHz
and 4KHz. Behavi oral Threshol d was determ ned using the
Modi fied Hughson- West | ake Procedure (Carhart and Jerger,
1959) and | oudness disconfort level (LDL was determ ned
usi ng the psychophysical nethod of limts (Mrgan, WIson
aad Dirks, 1974) on a diagnostic GSI-16 audi oneter acoustic
reflex threshold was obtained at the above four test frequen-
cies using the contral ateral automatic tynpanogram and
reflex (T&R) node of an immttance audi oneter Madsen ZO 174.

Statistical analysis of the above data was carried out
using a statistical software program (Nunber Cruncher Stati -
stical systemor NCSS) en a wipro P.C. system

The foll owi ng concl usions may be drawn fromthis study:
1. There exist statistically significant differences between
groups (normal and SB | oss) and between measures (beha-
vioral threshold, ART and LDL at all frequencies.
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There exist statistically significant differences
between the different degrees of severity of hearing
| oss (mld, noderate, noderately-severe and severe)
and between measures within the SN hearing inpaired

group.

. There exist no statistically significant differences
bet ween the acoustic reflex thresholds (ARTs) of the
normal and SB hearing inpaired groups.

. There exist no statistically significant differences
bet ween the | oudneas disconfort |evels (LDLs) of the
t wo gr oups, thoughneandataindi catel ower LDLs

for thehearinginpairedgroup

. There exist statistically significant differance bet-
ween the acoustic reflex threshold (ART) and | oudness
disconfort level (LDL) measures for each of the normal
hearing and SN hearing inpaired groups.

. Presence of hearing | oss on the average shifts the
| oudness di sconfort |evel nore than the acoustic
refl ex threshol d.

. There exist significant correlations between behavi oural
threshol d and acoustid reflex threshold (ART) at 500Hz
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and 1KHz but not at 2KHz and 4KHz. The regression
equation obtai ned toestinatethe behavi oural thresh-
ol d of an individual fromART at 500Hz and 1KHz are

500Hz: Hpi= 1.28Hsr - . 67.85 Hyy  Behavi ourat hreshol d
of heari ngi npai r ed.

1000Hz: Hr=0. 67 Harr - 7.37 Hwrr: ART of hearing

I mpai red
At 2000Hz and 4000Hz t he regression equations do not have
predictivevalidity.

8. There exist significant correlations between the | oudness
disconfort level (LDL) and acoustic reflex threshol d( ART)
at 500Hz and 1KHz but not at 2KHz and 4KHz.

The regression equation obtained to estinate the |oudness
disconfort level of sN hearing inpaired individual are:
500Hz : Hp - 0.27 Hgr + 79.46

|000Hz : Hp - 0.27 Hgr +8L24

At 2000Hz aad 4000Hz, the regression equations do not have
predictive validity.

9. Predictive accuracy of the regression equations to
estimate behavioural threshold fromacoastic reflex
threshold using a + 1GdB criterion is found to be only
60%and 50%respectively at 500Hz and | QOOHz.
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10. Predictive accuracy of the regression equation to
estimate the | oudneas disconfort level (LQ) from
acoustic reflex threshold using a +10dB criterion
I's found to be satisfactory (75%and 80%respectively
at 500Hz and | OOOHz)

Limtations:

1. The predictive validity of the regression equation
Is restricted to 500Hz and | OO0OHz. Hence inplications
regarding the anount of hearing | oss and required
anplification at higher frequencies cannot be drawn,

2. Sinceonly forty ears were tested, there is need to
i ncl ude a greater nunber of subjects.

3. The predictive accuracy of the regression equations is
established for adults and hence needs to be validated
for a popul ation of children.

4. A significant amount of individual variability exists
anong data aad so information froma battery of
avail able tests is to be weighed carefully.

5. Presence of acoustic reflex threshold i s mandatory in
order to obtain estinates of behavioral threshold and
| oudness disconfort |level. Hence profound | osses are
not inclusive in this category.
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Recomendat i ons:

1. The above results need to be validated for a greater
nunber of ears, particularly of the younger popul ation.

2. Results need to be obtained fromdifferent clinical
groups of SN [ oss such as in noise induced hearing
| oss, ototoxicity, metabolic di sorders congenita
hearing | oss, retrocochlear |esions etc.

3. The validity of the LDL procedure in hearing aid selec-
tion needs to be ascertained for a variety of cases.

4. The rel ationship between the subjective neasures of
behavi oral threshold and | oudness disconfort with
ot her objective neasures as the latency. Intensity
function (LIP) of Jewett V of ABR may be probed.
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