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CHAPTER-1

| NTRODUCTI ON

dinical nasking has been one of the Iong debated topics
in audiology. Wth the increasing demand for accurate audi o-

| ogi cal diagnosis, the dependancy on nasking is increasing.

Masking is the process in Mich the el evation of one
signal occurs in the presence of a second signal. (Ventry, 1971).
Masking is used either to denote the threshold shift per se
or the amount by Mich threshold is raised. (Beagley, 1981).
Masking is done to isolatethreshol de nontest ear so as to avoid
the contamnation of results or to find out the patient's
under st andi ng of speech in noi se (Beagley, 1981). In threshold
testing, masking is executed to find out the accurate sensitivity
of subjects ears. Masking in audionetry appears to be conpli -
cated due to the invol verrent of several factors viz., presenta-
tion level of the tone, the interaural attenuation, the occl usion
effect, the a-b gap, the masking factor, undernasking, over-

masking, etc. (Wasanurthy, 1970).

There are many factors to be considered for enpl oying
nmasking in a satisfactory May. Staab has identified six areas
of discussion for clear understandi ng of masking; definition of
ternms; purpose of the use; type of stinuli, when to enpl oy
maski ng, correct use of |evels and procedures of masking.

(ol dstein, 1979).



1.2

In threshol d audi onetric tasting, once the need for
nmasking i s recogni zed, the nontest ear is introduced wth
narrow band nasking noise, with the Dure tone threshol d
estination process going on in the test ear. Studies have
shown that inappropriate |evels of masking m ght be nore
dangerous than not nasking at all. So, the know edge of

maxi mum and m ni mum masking levels is a nust for audi ol ogi sts.

Maxi num ef fective nasking level is defined as the
intensity just insufficient to mask the test signal in the
test ear (Studebaker, 1967). The exact maxi mumnaski ng | eve

needs to be known for two purposes:

(1) to get the real thresholds of the test ear.

(2) to avoid the chances of overmaski ng.

NEED FOR THE STUDY: -

Wi | e deci ding the maxi numeffective masking levels, it is
general |y assuned that if the noise level (in dBEL) in the
nont est ear exceeds the sumof the bone conduction threshold of
the test ear and the interaural attention, the probl emof over-

nasking results.

It is necessary for the audiol ogists to know both the
m ni num ef fective masking |evels and the nmaxi num effective

nasking levels required for the subject, at the test frequency
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before masking is attenpted. Since the audiol ogists mainly
depend on the forrmula (Mwxinmum effective masking |evel -

B Cthreshold of the test ear + interaural attenuation) to
deci de the naxi numlevel of the noise, a question arises
regarding the validity of the formula in different clinical
popul at i ons. Fromthe available literature, it appears that
studies verifying the validity of naxi num nasking formla

on clinical populations are scanty or perhaps not carried
out at all. (at least on the lines of the present investi-

gations).

Wth the above viewin mnd, the present study has been
designed to verify whether the obtai ned naxi num effective
nmasking |l evel s agree with the predicted (cal cul ated) maxi mum
effective nasking |l evels. The following null hypotheses has

been nade;

(1) There is no significant difference between the
obt ai ned nean naxi num effective masking | evel s and the predicted
(cal cul ated) mean maxi num ef fective nasking | evel s in conductive

| oss group.

(2) There is no significant difference between the
obt ai ned mean naxi num effective nasking | evels and the predicted
(cal cul ated) mean maxi num effective nasking |levels in sensori -

neural |oss group.



CHAPTER- I

REMEW O LI TERATURE

C all the clinical procedures used in auditory assess-
ment, nasking seens to be the | east understood and M sused,
produci ng a greatest degree of insecurity. The lack of
basic tenets of nmasking causes it to be conducted with | ack
of scientific accuracy (Martin, 1980). For sone clinicians,
the approach to nasking is a hapazard, hit-or-mss, bit of
guess work with no set principles. Mwthat the audi ol ogi cal
testing has becone an inportant diagnostic tool for both
surgeon and clinician, information about masking is of utnost
i nportance. (Wnchester, 1968). The increasing demand for
accurate hearing tests requires thorough know edge of proper
testing. Masking is a conplex procedure to understand and
execut e because of a lot of variables which operate simul-

taneously and nany of themunder very tenous control.(Ventry, 1971).

In the present century, ever since Ve¢gel & Lane (1924)
first reported of changes in thresholds in test ear when a
nmaski ng noi se was sinultaneously delivered to the nontest ear
at lowintensity levels (Quoted by Dirks & Mal mqui st, 1964),
there has been a lot of research going on, discussing both
theoretical and clinical aspects of masking. Theoretical
aspects have been stressed by such authors as Hawkins &
Stevens, Bilger & Hrsh, Dirks &Ml myui at, Chaiklin, etc;
the clinical aspects have been discussed by Hood, Studebaker,

Beadl e, Martin & Staab, etc (CGoldatein, 1979). Inspite of this
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i ncreased enphasi s, as Studebaker (1967) quotes "in nmasking
nost of it is confusing, much of it is inconplete and a | arge

portion of it is inaccurate and m sl eadi ng."

Masking is a dangerous tool in the hands of ignorant.
Hence, instead of giving nere procedure a theoretical orienta-
tion is deemed to be a must. Follow ng questions need to be

answered in connection wth nasking: -

- Wat is masking?

- Wiat is the purpose of maski ng?

- Wat are the types of masking?

- Wat are the types of nasking noi ses?
- Wen to nask?

- Hw much to nask?

- How to nask?

Each one WII| be answered in brief.

What is Maski ng?

Maski ng has been defined as

(1) the process by which threshold of audibility of one sound is
rai sed by the presence of another sound (masking sound)

(2) the amount by which the threshold of audibility of sound is
rai sed by the presence of another sound (Masking sound). The

unit custormarily used is dB. (American Standards Associ ati ons, 1960)
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Masking is best defined operationally as an elevation in
the threshold of one signal by the introduction of another
signal. The first signal is called naskee or test signa

and the second signal, nasker.

Wiat is the purpose of Maski ng?

Preci se specification of subjects auditory thresholds
and suprat hreshol d functions (discrinmnation, recruitment,
adaptation etc) is a conplicated process when there is a
large difference in sensitivity between ears. In such cases,
unknown anount of energy nay be inpressed simltaneously upon
the opposite ear and so erroneous results are obtained. It
becones inportant to isolate the ears acoustically, this is
acconpl i shed by introducing a nasking sound to the nontest
ear to tenporarily suppress the threshold sensitivity of that
ear. Conplete desensiiization of untested ear is rarely
necessary, a sufficient downward shift MIIl be sufficient
to not to contribute to the responses of the test ear.

(Wnchester, 1968).

Need for masking is therefore because of two factors:

(1) CGoss hearing: In unilateral hearing | oss or
asymretrical | oss cases, uhen the tone is presented to
poorer ear, it may be transferred to and heard in the better
ear, well before reaching the threshold of the poorer ear.
This leaking of the test tone fromtest tone around the head
is called the cross overof tone or head shadow. This cross

over of signal results in shadow curve response. Here nasking
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hel ps to isolate the nontestear fromtest ear by keeping the
test ear 'busy' with nasking signal to obtain valid results

of nontest ear.

(2) Second factor is that the be signals tend to stinulate
both the cochl eas si mul taneously, nearly equally, even at |ow
levels. So, in be testing it is often difficult to know

as to which ear is actually being stimilated.

Wiat are the types of Masking?

Contral ateral naski ng: Wen the nmasking noise is presented
to the opposite ear to that of the test ear, contralatera

nmasking is resulted.

Ipsilateral masking: |Ipsilateral masking is done by

introducing the noise to the test ear itself.

QO oss nmasking or transcranial masking: It is a contra-
| at eral phenonmenon and occurs when nasking applied to one ear
| eaks around the head (trans-craniun) i.e., crosses the head
and masks the other ear. This is observed because two ears

are not acoustically isolate conpletely.

Central Masking: Two ears are not neurol ogically
separate. They share a conmon nervous path to brain. So,
nmasking in nontest ear also affects the test ear threshol d.
Wen a low | evel of masker of insufficient intensity to cross

the skull to opposite ear is introduced into one ear, it tends
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to produce a small threshold shift in the other ear. This

shift is called 'central masking'

Perstiml atory masking: Here the tone is presented at
various times during onti me of masker and the course of

nmasking as a function of time is determned.

These three methods i.e., forward, backward and per-

stinulatory are nonsi miul t aneous net hods.
Maski ng can be also direct or renote masking.

Renot e nasking: Renote masking is observed if threshold
shift occurs in the sane ear produced by a nasker of different

f requency.

What are the types of nasking noi ses?

A variety of signals have been used as naskers.

(1) Pure tones, (2) Marble tones, (3) Conpressed air,
(4) Noi se: conpl ex noi se, broad band noi se, narrou band noi se,

speech noi se, pi nk noi se. (Shukl a 1980)

For puretone testing, narrou band noise is the nost

r ecormended noi se.

Wien to Mask?

The opposite ear nmust be nasked whenever there is an
indication of cross hearing is indicated. The danger of cross

hearing is deternined by (1) presentation |evel of test signal
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(2) interaural attenuation, (3) threshold sensitivity of
nontest ear. These two vary for air conduction and bone

conduction testing.

Air Conduction Testing

Even when tone is presented by air conduction, it MII
cross the skull by bone conduction whenever its intensity at
test ear is about 50 dB greater than bone conduction threshol d
of nontest ear, regardless of air conduction threshold in the
nontest ear. Thus Men to nmask depends upon the sensory-

neural sensitivity in the nontest ear. (Sanders, 1978).

Second factor to be considered is the Interaural attenuation
for air conducted stimuli. Interaural attenuation is the
attenuation in the intensity of an auditory stinuli in crossing
fromthe ear of presentation to the opposite ear. Here it
becones necessary to nmask whenever air conduction presentation
level at the test ear exceeds bone conduction threshold of
opposite ear by nore than the small est expected interaura

attenuation. (Studebaker, 1967).

So the rule is "lIn air conduction testing, nontest ear
nust be masked whenever the signal presented to the test ear
exceeds bone conduction sensitivity in the nontest ear by

nore than 40dB
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Bone conduction testing:

Cinical evidence and research finding suggests that
interaural attenuation for a signal presented by bone con-
duction is negligible and so it is necessary to always nask

while testing bone conduction.

Menzel (1969) has listed 3 conditions uhen masking is

not necessary but in all other conditions:

(1) when unmasked threshold is approximately equal to the
air conduction threshold of that ear.

(2) when unnasked threshol ds of that ear are better than
those of opposite ear.

(3) when sound is not heard at the upper limt of audioneter.

St udebaker (1964) has given the rule for masking in bone
conduction testing as "In bone conduction audionetry, nontest

ear shoul d be masked, whenever test ear exhibits an air bhone

gap-.

In 1980, VWasanmurthy has given some rules for when to mask
(1) If an unmasked audi ogram shows bilateral noderate/ nodera-
tely severe/severe hearing |oss with normal BC threshol ds or
significant loss through inpedance audiometry, the true BC
thresholds of SMIoss ear can be determned by nmasking the
nontest ear provided the air bone gap of nontest ear does not

exceed 30dB.
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(2) If an unnasked audi ogram shows bil ateral noderately severe/
severe hearing loss with normal BC thresholds or significant air
bone gap uith affected BE thresholds and if one of the ears is
found to be sensorineural |oss through i npedance audi onetry, the
true AC thresholds of SN | oss ear can be determned by nasking
nontest ear provided the true AC threshold of test ear does not

exceed air bone gap of nontest ear.

(3) If an unnmasked audi ogram shouts bilateral mxed | oss, the
true AC thresholds of ears can be determ ned by nasking nontest
ear provided the sumof air bone gap of two ears do not exceed

80dB.

How much to nmask?

Wre errors are commtted in audionetry through carel ess or
i mproper use of nasking than through its om ssion. Mst of these
errors result fromeither too nuch or too little nasking.

(Henzel, 1968).

Before going into the discussion about the anount of masking

sorme of the terns need to be expl ai ned.

M ni num naski ng | evel :

This is the level of nmasking noise just sufficient to nmask
the test signal in the masked ear. It is used for screening
purpose, a level of nasking equal to threshold of nontest ear

it used.
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Maxi mum nmasking | evel

Masking intensity nust not be so great as to shift the
threshold in the test ear by cross over from the nmasked ear.
This level, the maxi ummasking level is defined as the intensity
just insufficient to mask the test signal in the test ear.

(Studebaker, 1967).

Maxi mum masking can be presented before the noi se becomes
so intense that a different formof test contanmination / over-

masking takes place (Martin, 1980).

Maxi mum masking is determned by three factors:
(1) BC threshold of the test ear
(2) Skull attenuation

(3) Disconfort threshold of patient for the proposed masking
| evel (Liden, 1971).

The calculation of Ievels of mninm and maxi mum masking
| evel s are essential to avoid under and over masking. Under
masking results if the level of noise is below the m ninum
masking level so as to not to mask the test tone in the nontest
ear. Over nmasking is observed if the noise |evel exceeds
maxi mum perm ssible level and so masks the test tone in the test

ear itself, contamnating the results.

Any masking level falling above that uhich is just
sufficient to mask the tone reaching masked ear (m ni mum
necessary masking) and belou the level uhich is just sufficient

to shift the threshold of tested ear (maxi num perm ssible
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masking) is the correct noise level required. (2w slocki, 1951)
For normal hearing subjects, the range between the two ia

equal to interaural attenuation. But a hearing |oss in one

or both ears alters noise |level requirenments by changing the

relati onship between the thresholds of two ears.

So, several investigators have tried fornulations and
procedures to facilitate the selection of appropriate noise
level for effective nasking so that threshold mght be obtained
without tracking entire function. The underlying assunptions
are:

(1) only one plateau exists;

(2) that this plateau represents true threshol d;

(3) that know ng the amount of maski ng needed to nask nornal
ears we can extrapol ate to patients who have hearing
deficit;

(4) that the individual differences in response characteristics
notivation and in central noise effects are nonexi stent,
negligible or uncontrollable (Venler, 1965). Liden et

al 1959 have given the masking fornmula as foll ows:

M ni num ef fecti ve masking for air conduction;
= A + (Anw-Bn) - IA

therein A = ACthreshold of the test ear

A-B = air bone gap of nasked ear

m m

I A

interaural attenuation.
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M ni num ef fecti ve masking for bone conduction:

= B + (An - Bn)

wherei n

3C threshold of the test ear

B
An - Bn
Maxi num masking = B, + 40

provi ded | evel does not exceed
patient disconfort |evel

air bone gap of the nasked ear.

wher ei n
B. = BC threshold of the test ear.
Martin (1967) has given formulae for calculation of |evels

of maski ng as:

M ni mum maski ng for air conduction
= A + MF. + SF

wher ei n
Ae = AC threshold of the nontest ear

=
SF

Maski ng factor

Safety factor
M ni mum maski ng for bone conduction

Ame + M + SF + HAB gap.

therein
Anie = AC threshold of the nontest ear
M- = Masking factor
SF = Safety factor
DE = Qclusion effect
AB gap = Air bone gap of the nontest ear
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How to mask?

- obtain thresholds of both the ears without masking.

- deci de the need for masking.

- obtain the anount of Masking at each frequency

- start presenting the masking noise in the nontest ears
at the predetermned | evel (M ninmunj.

- obtain the cure tone thresholds in the test ear.

- i ncrease the noise by 5 dB and check for the threshold.

- repeat the procedure of increasing noise in nontest ear
till the point wherein subsequent 10dB increase in noise
does not result in threshold change. At this point the
pl at eau has been reached and the threshold is the real
threshold of the test ear.

- record the threshold and the masking |evel used (Gol dstein)
"Maski ng threshol d should never be believed as true thres-
hol d unl ess sanme nasked threshold is obtained for at |east

two different |levels of noise". (Menzel,1968 ).

Mechani sm of Maski ng:

There are two possi bl e conceptions of mechani sm of

nmasking (Mbore, 1982).

(1) The nost common anong psychol ogi sts is that masking
i nvol ves swanping of activity evoked by the signal. |f nasker
produces significant anount of activity in channels (auditory

filters/critical bands) which would nornally respond to the
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signal, then the activity added by signal is undetectable.

For eg:- consider the case of tone with unite band noi se.

Wien tone is at its masked threshold, the level of tone is
about 4dB less than the level of noise in critical band around
the tone. This is the average discrepancy between critica
bands and critical ratios; 4 dB corresponds to power ratio

of 2.5:1. The conbined effect of excitation produced by

tone and noise will be about 1.5dB higher than that produced
by noise alone. Thus one might say that 1.5 dB increment is
necessary for detection of tone. If tone is much lower in

I evel than noise passing through critical band, then it MII
produce a negligible increment in excitation. So, the excita-

tion produced by tone MII| be swanped by that produced by nasker.

(2) Another vieM comron anmong neur ophysi ol ogi sts, is that
nmasker supresses the activity which the signal Muld evoke if
presented al one. This is explained by two tone suppression.
The neural response to a tone at a characteristic frequency of
neurone nay be suppressed by tone which does not itself produce

excitatory activity in the neurone.

At present there is not a clear May of distinguishing
bet Meen these two nechanisns. Al that is known is that
swanpi hg mechanismis a linear process and the suppression,

a nonl i near process.
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Maski ng i n pat hol ogi cal ears:

Most of the forrmul ae for maski ng have been derived based
on the experiments on norrmal ears with the presunption that
the sane amount of nasking serves as the optinmumlevel in

pat hol ogi cal ears al so with sone excepti ons.

Pal va, Goodnman & Hrsh (1953) in an extensive investi-
gation concluded that their averaged nmasking data from several
groups of hearing inpaired and norrmal listners were virtually
i ndi stinguishable. Palva et al measured threshold in lodBH-
noise in 82 hearing |oss cases (16 conductive | oss, 36 m xed,

5 sensorineural without recruitnent, 14 sensorineural with
recruitment, 11 sensorineural without recruitment being tested).
But the individual data from6 of their 8 frequencies display

a range of nasked thresholds that is 20dB or greater with

maxi mum range of 35 dB at 250 Hz, indicating a large individual

difference. (Quoted by Tyler et al, 1982).

Sinon subsequently reported averaged threshol ds of 9
listners with recruitnent displaying higher nasked threshold

than normal (quoted by Tyler, et al, 1982)

Harbert & Young examned the rel ation between abnornal
threshol d adaptati on and broad band nasking.. Their listners
w thout abnormal adaptati on showed norrmal masked threshol d,
whereas those with abnormal adaptation threshold showed el evat ed

masked threshol ds. (Quoted by Tyler, et al 1982).
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According to Liden et al (1954) the effect of masking
usual |y designated as the central nasking effect can account

for 15dB even in patients with inactive mddle ear.

3erger & Bucy (1960), Jerger & Mailer (1962) reoorted
data on two listners with confirmed retrocochl ear pat hol ogy.
8ot h displayed normal anounts of masking at test frequencies
above 250HZ. Honever, one showed 10dB nore nasking at
125HZ & 250Hz; and the ot her about 10dB rore maski ng at

250Hz.

Jerger, Tillnman & Peterson (1960) studied nasking effect
of bands of random noise that |ocated in |ow frequency
(400-800 Hz) md frequency (1200-2400 Hz) and hi gh frequency
(3200- 6400Hz) . Noise level for each of the bands was adjusted
to produce effective nasking levels of 10 and 30 dB within the
band, for each subject. In addition to norrmal hearing group,
5 different categories of inpaired ears Mere tested. They
concl uded that when a given noise is adjusted to equival ent
effective levels for normal and the senaorineural ears, the
inmpaired ear will show excessive masking in frequency regions

bot h above and bel ow the noi se band.

Since the effective levels of noise were same for all
subjects, the inpaired ears were tested in masked intensity
| evel s whi ch were considerably higher than those of nornal
group. Jerger et al adjusted for this factor by conparing

30dS effective level data of their sensorineural group to
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nornmal data of Bilger & Hrsh for approximately equival ent
intensity |levels of masking noi se. when the masked threshol d
for two groups. were plotted in dBSPL, sensorineural group
agai n showed higher than normal threshold outside masking
band. This Mas felt to substantiate the concl usion that

ears Mth sensorineural |oss show greater than normal spread

of masking (Quoted by Martin & Pickett, 1970).

Rttmanic (1962) studied indirect nasking in nornal
subj ects, plugged nornals and sensorineural cases. They were
nasked by 100dBSPL of random noi se which Mere centered at
250, 500, 1000, 2000 & 4000HZ. He found that the masked
thresholds for sensorineural group Mere at higher SPLs than
normals. Rttrmanic interpreted his data as indicating that
in equal SPLs of narrow band noi se, the ear w th sensori neural
| oss exhibits greater spread of nasking than does the nornal
ear. Wen anplified by a | ow frequency hearing aid, noderate
I evel s of environnental sounds rmay be sufficiently intense to
produce spread of masking. Since substantial amounts of speech
information are found in md frequencies, excessive nasking in
this region could further reduce discrimnation that is already
inpaired. |If persons Mth sensorineural |oss do infact exhibit
greater than normal spread of nasking, recommondation of | oM
frequency aids may be inadvisable. (Quoted by Martin &

Pi ckett, 1970).

But Martin & Pickett (1970) feel that neither the anount

of masking threshold shift nor |evel of masked threshold are
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adequate for determning if a subject Mth sansorineural |oss
shows greater than nornal or less than normal spread of nasking.
In the ears with restricted dynanic range, snall anounts of
threshol d shift reoresent large anount of masking. Martin &
Pickett feel that if the soread of masking has to be determ ned,
a measure nust be used Miich will take into account both the
degree and configuration of loss in inpaired ear. They tested
the pure tone thresholds in quiet and in 3 levels of masking

noi se for one nornmal hearing group (6 subjects) and 5 groups

of subjects (27 cases) Mth different degrees of hearing | oss.
Masker was a | ow pass noise cut off at 250 Hz. |t Mas presented
at overall levels of 77, 97 and 107 dBSPL. Pure tone threshol ds
Mere obtained at test frequency Mthin and above maski ng bands.
A measure of noise rejection slope was used to describe upward
spread of masking. They found (1) narked differences within
sensorineural group and sensorineural group did not show
characteristic change. (2) Amunt of upward spread did not
appear to be related to degree of |oss. They observed equival ent
anmount of upward spread in normals and in those with mld
noderate or severe loss of sensitivity. (3) Subjects with
simlar audiograns did denonstrate nmarkedly different anount of
upward spreading. (4) These differences Mere seen even in nornal
hearing subjects. Their data suggest that there nay be cases
Mierein use of a hearing aid with extended | ow frequency response
woul d result in poorer aided discrimnation due to spread of

maski ng, than would be attained with an aid having conventi onal
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low frequency cut off. So, Martin & Pickett suggest that
before | ow frequency enphasis hearing aids are recomrended,
additional infornmation is needed concerning upward spread of

maski ng .

Lauci us & Young (1972) trade threshol and anplitude measure-
ments of fixed Bekesy tracings in the presence of contral ateral
white noise in 6 normal and 24 with unilateral sensorineural
| oss subjects. In nornals, the threshold steadily increased
linearly as | evel of nasking rose above transcranial attenuation,
while tracing anplitude remai ned unchanged. |n hypacusi cs,
when norral ear was nasked and thresholds were traced from
defective ear, steady tone yielded tracing anplitude change
and greater threshold shift. Wen the pathol ogi cal ear than
normal ear was nasked, 7 of the 24 showed threshold shift and
reduced anplitude when intensity |evel of noise was too |ow for
cross hearing. Changes were insignificant with pul se tones.
Lauci us & Young quote ward' s (1963) suggestion of central
masking to explain this. But still the question renains as
to if the shift in the threshold and anplitude of the continuous
tone is due to central nmasking, cross hearing or pathologic

condi tion.

Smts & Duiftius (1982) experinented on 3 listners with
sensorineural loss of noderate - noderately severe degree starting
at frequencies higher than 1 KHz. 1In the first experinent,

fm= 1 Kz and L, = 50 dB SPL hi gher than normal nasked threshold
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were obtained for listners whose hearing was inpaired in
frequency region of clear loss as well as in the region of
normal |1 oss. In the second experinent it was shown that for
hearing inpaired |listners, the elevation of nasked threshol d
in dBs in this frequency region of near normal absol ute thres-
hol d was equal to elevation of absolute threshold in dBs. The
partial masking wth fm= 975-1025 Hz and L, = 76 dBSPL showed
simlar function for nornals and pathol ogic ears, but with
functions for hearing inpaired at higher |evels of partially
naski ng orobe tone. Thus the hi gher nasked threshold of hearing
inpaired can result in dramatic reduction of dynamc range of
hearing under nasking in the frequency region of hearing | oss,
even if loss is small. So, the masker need not be very | oud
to provoke an abnornal upward spread of masking for hearing

inpaired |istners.

Tyler Fernandes & Young (1982) tried to obtai n nasked
pul se tones threshold for 500, 1000, 2000 and 4000 Hz in the
presence of different |levels of broad band noise 0, 20, 40,

60 dB/Hz. Several of the 16 cochl ear patients displayed

nmasked threshold that were considerably higher than those from
10 normal ears. A 60 dB/Hz correlation coefficient between
threshold in noise and threshold in quiet were r = 0.36, O0.44,
0.63, 0.64 for respective frequencies. The growth of masking

as the nasker level is increased Mas |inear function for nornal s,
but was disproportionate and nonlinear for sone cases. So,

threshold in noi se cannot be predicted fromthe threshold in
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qui et. Masked thresholds are related to other neasures of
frequency resolution and to speech intelligibility in noise,
but it is argued that Dsychoacoustic tuning curves provide nore

direct neasurenent of auditory filter characteristics.

Hilburn (1978) has given the mechani smof nasking in a

pat hol ogi cal ears.

(1) Sensorineural |oss: Unilateral hearing | oss presents
difficulty of determning the |evel of residual hearing by bone
conduction in poorer hearing ear as shown by air conduction

testing.

Hearing for pure tones is within normal linmts for the left
ear. Unmasked thresholds of right ear indicate a loss for al
frequencies for air conduction but not for bone conduction. The
unnmasked bone conduction of right ear indicate better hearing than
for the left. The masked bone conduction indicate a conplete |oss

of responses.

The table shows the nasking | evels and the responses obtai ned,
This is the plateau method. Initial response at 1 KHz was 40 dB
for 55 dB noise. The test tone was heard at 40 dB when maski ng
stimulus was increased to 60 dB, and the test tone was heard again
at 50 dB, with the masking stimlus increased to 65 dB. The rel a-
tionship here is that a 10 dB nasking stimulus intensity directed

to nontest ear masked an increase of 5 dBin test tone intensity.
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So, the nature of masked audi ogramitsalf shows that

the loss is not conductive in nature.

_ TABLE 1
NBVW Frequency (Hz)
Maski ng
(dBHL) 250 500 1000 2000 4000
0 0 0 0 10 20
55 20 35 40 50 NR
60 20 40 40 60
65 25 45 50 65
70 25 50 95 75
75 35 50 55 NR
80 40 50 60
85 NR 60 6Q
90 MB 65
95 MR
100

Bone conduction threshol ds: Sensorineural |oss ear.

(2) Conductive loss: Bilateral conductive |loss is Duzzling to
determ ne extent and type of |oss of each ear. The audi ogram
shouts n*ild - noderate conductive |oss. The unmasked bone conduc-
tion is at 10 dB for each ear. But the threshold shifted in

each ear htith maski ng.

The responses shOM that for right ear responses shifted from

10 dB to 20 dB over the range of 0 to 100 dB and 10 dB to 30 dB
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for the left ear. R ght ear 20 dB response coul d be because

of over maski ng.

TABLE ||

NBVIN Frequency (Hz)

Maski ng

(dBHL) 250 500 1000 2000 4000

0 -5 5 10 5 0

55 -5 5 10 5 10
60 -5 5 10 5 10
65 -5 S 10 5 10
70 -5 5 10 5 10
75 -5 5 10 5 10
80 0 5 10 5 10
85 0 5 10 5 10
90 0 5 10 5 15
95 0 5 10 5 20

100 0 5 20 5 20

Bone conduction threshol ds: Conductive | oss. (right ear)
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TABLE 111
NBVIN Frequency (Hz)
Maski ng
(dBHL) 250 500 1000 2000 4000
0 0 5 10 10 10
55 0 5 15 10 10
60 0 5 15 10 10
65 0 5 15 10 10
70 0 5 15 10 10
75 0 5 15 10 10
80 0 5 30 10 10
85 0 5 30 10 10
920 0 5 30 10 10
95 0 5 30 10 10
100 0 10 30 25 15

Bone conduction thresholds: Conductive loss inleft ear.
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So, the extent of a threshold shift produced by a
masking stimulus to the ooDGsite ear seens to be directly
related to the type of hearing | oss. Eg:- increase in the
nmasking level fromO dB to 55 dB resulted in a threshold shift

of 40 dBin sensorineural loss and nil in conductive | oss.

Mlburn also found a simlar relation existing between
type of loss and the nanner in which threshold shift represents
itself as the masking stimulus is increased. The shift for
sensorineural |oss Mas rather dramatic at | east at 55 dB masking
| evel, conpared to conductive | oss. So, it seens |likely that
masking with a sensorineural loss will result in a threshold
shift wth the application of mninmal armount of nmasking, but that
the use of same anount of masking will produce no shift in a

case of conductive | oss.
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METHODOL OGY

The present study was ained to see whether the naxi hum
ef fective nasking | evels obtained in hearing |oss subjects
woul d agree with the cal cul ated (predicted) maxi mnum effective

naski ng | evel s.

SUBJECTS:

Three groups of subjects were studied:
(1) Nornmal hearing grouo
(2) Conductive hearing | oss group

(3) Sensorineural hearing |oss group.

15 normal hearing subjects were selected for the first
group (age range 18 years to 22 years, \V¢an age 19%years).
Al of themhad air conduction thresholds |ess than or equal to
25 dB HL (ANSI, 1969) in the frequencies from250 Hz to 4000 Hz
in both the ears and had air bone gap less than 10 dB HL.

None of them had any history of previous auditory disorders.

12 conductive hearing | oss cases were candidates for the
second group, (age range 17 years to 55 years. Mean age: 35 years).
Al of themhad either unilateral or bilateral conductive hearing
loss of mld to noderate degree. The conductive | oss was con-

firmed by inpedance audi onetry and/or ENT exam nati ons.
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The last group consisted of 5 unilateral or bilatera
sensorineural hearing | oss cases (age range: 25 years to
75 years, Mean Age: 47 years) of mld degree. Sensorineura

heari ng 1 oss was confirned by inpedance audi onetry.

| NSTRUMENTATI ON

The instrument used for the study was a two channe
audi oneter. (Seltone 200c) and an i npedance bridge (2073).
The audi oret er was connected to TDH 39 ear phones fitted with
MX 41/ AR ear cushions. The audi ometer was objectively calibrated
regularly (ANSI 1969). |In addition, biological calibration was

done every tine before collecting the data.

TEST ENVI RONMVENT:

The data Mere collected in a sound treated two-room condition.

TEST PROCEDURE

Firstly, the air conduction and bone conduction threshol ds
for Dul sed tones for each ear were obtained for frequencies from
250 Hz to 4000 Hz, using a nodified Hiughson westl ake procedure
(Carhart & 3erger, 1959). The inpedance audi ormetry was done to
get the static conpliance, tynpanogramand reflexes for each
ear. The results of inpedance audi onetry were used for the

sel ection of subjects.
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EAR SELECTI O\

while testing the normal subjects, the right ear was tested
by introducing noise in the left ear. while testing the uni-
lateral hearing | oss cases, the pathol ogi cal ear was sel ected
as the test ear and the normal ear was the nontest ear. i.e.,
the noi se was introduced to the nontest ear (non-pathol ogical
ear) and the tone was presented to the test ear (pathol ogi cal
ear). In bilateral hearing | oss cases, the ear with flat |oss
was sel ected as the test ear and the other ear was used as the

nont est ear.

GBTAI N NG MAXI MM EFFECTI VE MASKI NG LEVELS:

Al the subjects Mere instructed in the foll owi ng nanner:

"Now you are again going to hear pul sed tones in your
right ear (or left ear). At the sane tine you will hear noise
in your other ear, the intensity of which keeps varying. Ignore
the noise and concentrate on the pul sed tones. Keep your finger
up as long as you hear the pul sed tone and drop your finger as

soon as the pul sed tone becomes inaudible. Now listen carefully."”

The instructions were repeated whenever there was an indi-

cation of the subject not having understood the instructions.

To obtain the maxi mumeffective masking | evels, first, the
pul sed tones Mere given at threshold in the test ear. Then the

narr oM band noi se Mas introduced to the opposite ear at 50 dB EL.
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Once the noise was introduced, the subject's response for pul sed
tones was noted. The masking noise was increased in 5 dB steps
in the nontest ear until there was no response for pul sed tones
i.e., until the noise masked the pul sed tones at threshold. The
test was ternmnated at this point or when the maxi num audionmetric

| evel was reached.

To check the reliability of the responses, sonetinmes the
test tone Mas turned off well below the |evel of masking or
suddenly the noise was turned off in cases of 'no response' to

observe the responses of the subject.

The procedure was repeated at 10 dBSL. This was included
as the reliability of the responses at threshold appeared to be

poor .

Usi ng the above procedure, maxi mum effective nmasking |evels
for pulsed tones at different frequencies at threshold and

10 dBSL were determ ned.

The level at which the subject stopped responding for pul sed
tones was taken as the |evel of nmaxi mum nasking and the dia
readi ng of nasking was noted down. The naxi mum effective masking
levels required to mask the pul sed tones at 10 dBSL were used

for statistical analysis.
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RESULTS AND D SQUSSI ON

The treasure of central tendency (Dean) and the dis-
persion treasures (Standard Deviation) of nmaxi numeffective
nasking | evel s obtained in nornmal and pathol ogi cal ears
were conputed. The raw scores obtained are shown in the

tables at the end of this section.

(1) The Nornmal hearing group:

The maxi num ef fective masking | evels obtained in
normal subjects showed a maxi num variation of 20 dB.
The means and standard deviations are given in Table XI.
At 250 Hz, for 4 normal hearing subjects, the naxi num
ef fective nasking | evel could not be obtai ned because of
the limtation of the maxi mumout put |evel of noise of
the audi oneter, (the maxi mumeffective masking | evel was
70 dBEL at 250 Hz whereas it was 90 dBEL at all other

tested frequenci es).

(2) The sensorineural hearing | oss group:

nly 5 available subjects could be tested. Though

the precaution was taken to select the sensorineural hearing
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| oss subjects with | oss Iess than 40 dB, in nost of the
cases, the nmaxi numeffective nmasking | evel s could not be
obtai ned, at any frequency. ly in 3 subjects, the

naxi mum ef f ecti ve nasking | evel could be recorded at

only one frequency. Here again, the naxi mumnoi se out put
| evel of the audiometer was the limtation. In none of
the subjects, response at 10 dBSL coul d be obtai ned at

any frequency.

(3) The conductive hearing | oss group:

The obtai ned maxi mum effective masking | evel and the

predi cted nmaxi num ef fective masking | evel s Mere conpared.

a. The obtai ned maxi mum ef fecti ve nasking | evel :

The neans and the standard deviations for each fre-
guency are shoMh in the Table XI. The nean nmaxi num effective
nasking |l evel was |lowest at 250 Hz and hi ghest at 4000 Hz.
The di spersion nmeasure showed not rmuch of a variation at
any frequency, though the sanple size was limted to 12
subj ects. There was not any characteristic response
observed for any of the type of hearing loss (i.e., etiology)
or for different degree of hearing loss. Even in this group
50%of the subjects tested did not show any response at

250 Hz which could be attributed to the audionetric limtation.
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b. The predicted nmaxi numeffective tasking |evels:

The maxi num effective nasking | evels were predicted

fromthe follow ng

Subject's threshold for air conducted pul sed tones,
air-bone gap of the test ear and the naxi nrumeffective

maski ng | evel obtained in nornals.

The formul a used was:

Predi cted maxi num ef f ecti ve nmasking | evel for

conductive | oss ear = AC, + Mean Max EM.y - (An- Bn)

wher ei n

AG = air conduction threshold of the subject.

Mean Max EMLy = Mean maxi num ef fective masking | evel of
normal subj ect s.

An -Bn = air-bone gap of the test ear (pathologic ear).

The means and standard deviations of the predicted
maxi mum maski ng | evel s at each frequency are shown in the
Table XI. The predicted | evels were found to be consistently
greater than the obtained | evels. However the variation
was not rmuch. Again the nean predicted maxi numeffective

maski ng | evels were |lowest at 250 Hz and hi ghest at 4000 Hz.
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Both the predicted and obtai ned maxi num ef fective
naski ng | evel s were higher than the mean naxi num effec-
tive masking | evel s of nornmal hearing subjects. The
predi cted and obtai ned val ues of mnaxi num effective nask-
ing Mere conpared to find if the difference between them

was statistically significant.

At 250 Hz, the difference between nean predicted
and obtai ned naxi num effective masking | evel s Mas
16.21 dB which Mas statistically significant at both
0.05 and 0.01 |evels. The score at 0.05 and
0.01 levels are 2.57 and 4.03 respectively, both the

values are |less than the cal cul ated score of 6.56

The difference at 500 Hz between mean predicted
and obt ai ned naxi num effective masking | evel s was
4.58 dB. Though this value is small, the difference
was statistically significant at 0.05 |l evel of signifi-
cance. The t score at 0.05 level is 2.23 and the

calculated t value of 2.95 is higher than this val ue.

At 1 KHz, a difference of 12.92 dB between pre-
dicted and obtai ned naxi mum effective nasking |evels

(neans) was observed. This difference was statistically
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significant at both 0.05 and 0.01 |evels of significance.
The calculated t value of 5.06 is nuch greater than the
table values of 2.20 and 3.11 at 0.05 and 0.01 |evels of

si gni fi cance

A difference of 11.88 dB between the nean predicted
and mean obt ai ned naxi num ef fective masking | evel s was
observed at 2 KHz. Again, this was statistically signi-
ficant at 0.05 and 0.01 levels of significance i.e., the
val ue of 3.14 being higher than 2.20 and 3.11 table val ues

of 0.05 and 0.01 |evels of significance.

The difference observed between predicted and obtai ned
nmaxi mum ef fecti ve nasking | evels (neans) was 6.06 dB at
4 KHz. This difference was not statistically significant
at both 0.05 and 0.01 |evels of significance. The
value calculated (1.41) was |lower than the table val ues of

0.05 and 0.01 levels of significance.

The graph shows the difference between nean predicted
and nean obtai ned maxi num ef f ecti ve masking | evel s of
conductive hearing | oss group. The difference ranges from
4.58 dB (500 Hz) to 16.21 dB (250 Hz). But, even for

threshold values, a difference of + 5 dB is all owed.
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Hence, the difference of 16 dB cannot be consi dered as
significant for oractical purposes in clinical testing.
This shows that there is a good agreenent between the
predi cted and the obtai ned naxi num ef fecti ve nasking

| evel s.

The results of the present study reveal that the
formula of nmaximumeffective masking is valid for clini-
cal population. Hence, the audiologists can rely on the

formula for clinical nasking of the non-test ear.
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TABLE - |V

Showing the ac thresholds of the test ear in nornal

hearing group

Frequency in Hz

I nt en- AC threshold of TE
Subj ect sity
in dBs 250 500 1000 - 2000 4000
(1)
10 15 5 0 5
(2) 20 20 5 0 0
(3) 20 20 0 0 10
(4) 10 15 5 0 0
(5) 10 15 10 5 10
(6) 10 10 10 10 5
(7) 10 10 0 5 0
(8) 15 20 0 5 5
(9) 10 10 0 0 0
(10) 20 20 10 0 5
(11) 10 15 10 5
(12) 10 15 3 5 5
(13) 10 15 15 5 10
(14) 5 10 10 5 5
(15) 5 15 5 5 10
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TABLE - V

The obtai ned Maxi numeffective nmasking levels in normal s

| Frequency in Hz
Subj ect s :Etggéity 250 500 1000 2000 4000
(1) W > ” >
(2) & ° X i "
(3) o " R
(4) D R
(6) o ® " ° ®
(6) weoon® O
(7) oo ° ” N
(8) o % " i N
(9) v X " N
(10 AR 70 75 70 75
i - 50 75 70 85
(12) AR 85 85 80 85
(13) 0 " > ) -
(14) >0 % i i !
(15) > ®0 ” > ®
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TABLE - VI

AC thresholds of the test ear in conductive hearing | oss group

Frequency in Hz

Subj ect s {Htgggity 250
(1) 40
(2) 50
(3) 25
(4) 40
(5) 40
(6) 75
(7) 55
(8) 40
(9) €0
(10) 35
(11) 50
(12) 50

500

40

50

45

40

30

60

70

25

60

25

50

50

1000 2000 4000
45 40 65
30 20 50
50 55 90
45 45 45
35 40 40
55 50 60
65 60 55
25 35 45
55 70 65
20 35 30
45 40 40
45 35 40
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(bt ai ned maxi num masking | evel s in conductive hearing

TABLE - M|

| oss group

Subj ect s Frequency in Hz
iI rr:t ((jelg: ' 250 >00 1000 2000 4000
(1) AR 80 80 - 0
(2) AR 80 65 - ®
(3) 70 90 85 %0 o
(4) R 80 75 70 %0
o 65 80 75 70 20
(6) 65 70 65 65 80
(?) 55 70 75 85 -
(8) NR 80 80 75 80
(9) 65 80 60 75 85
NR 70 60 60 85
(11) NR 80 85 80 85
(12) 60 75 - o .
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TABLE - M|

a-b gap of the teat ear in the conductive hearing | oss group

Frequency in Hz

SPIESS Fintensity 500 1000 | 2000 | 4000
in dBs 250

(1) 15 10 20 15 45
(2) 50 35 20 5 20
(3) 10 30 40 40 65
(4) 30 30 35 45 45
(5) 20 20 20 20 15
(6) 50 60 40 30 25
(7 45 60 55 50 40
(8) 35 15 15 20 40
(9) 50 50 45 60 55
(10) 15 10 5 15 10
(11) 20 25 15 15 20
(12) 40 30 30 25 40




4.12

TABLE - I X

AC thresholds of the test ear in SN | oss group

Frequency in Hz
SUPECES | intensity g0 g K 2K 4K
in dBs
1 25 30 35 40 35
2 50 55 55 55 60
3 20 25 30 30 35
4 20 30 40 35 35
5 30 35 40 35 40

Maxi mum obt ai ned masking levels in SN | oss group

Frequency in H
SUPTECtS T ntensity o0 oo K |k 4
in dBs
1 NR NR NR NR NR
2 NR NR NR NR NR
3 NR NR NR NR NR
4 NR NR NR NR NR
5 NR NR NR NR NR
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TABLE -

Showi ng the Means and standard deviations of Maxi mum

Maski ng Level s of Nornal

& Conductive Loss groups

Conducti ve | oss group

Nor nal
Fr equency Hear i ng _ _
(Hz) Qou Predicted (ot ai ned
P Max. Masking Max. Masking
Mean 64. 54 79. 54 63. 33
250
S.D 7.26 8. 66 4.76
Mean 68. 33 82.50 77.92
500
S.D 6.78 7.56 5.53
Mean 71. 66 86. 25 73.33
1000
S.D 6. 04 6. 18 8.53
Mean 67. 66 83. 08 71.25
2000
S.D 5.52 6. 87 10. 63
Mean 74. 66 89.24 83.18
4000
S.D 6. 26 9.92 6. 16
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TABLE - X |

The conbined S.Ds, S Es, and Scores of the
bt ai ned & Predi cted Maxi num Ef fective Masking Level s
of Conductive Loss G oup

S. D S.E t
250 6. 06 2. 47 6. 56
500 13.24 3.82 2.95
1000 8. 82 2.55 5.06
2000 12.12 3.50 3.14
4000 10. 96 3.30 1.4
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SUMWARY AND  CONCLUSI ONS

The present study was aimed at finding out the maxi num
effective masking levels in nornmal and pathol ogi cal (conductive

and sensorineural) ears.

Three groups of subjects were tested. First group had
15 norrmal hearing (ANSI, 1969 criteria) subjects with no history
of any auditory disorder. The second group had 5 mld sensori -
neural cases. The sensorineural hearing | oss was confirned by
the presence of mddle ear reflexes. The third group had 12
conductive hearing | oss cases; the pathology was confirned by

i npedance audi onetry and/ or ENT exam nati ons.

The testing was done in a sound proof room wth two room
situation, using a two channel (Beltone 200c) audiormeter. For
nornal hearing group, right ear was the test ear, and for clinical
groups, the ear with flat loss was the test ear. The maxi num
effective masking levels were obtained for each subject at test
frequencies viz., 250, 500, 1000, 2000 and 4000 Hzs both at
threshold and at 10 dBSL (pul sed tones were used) wusing NB

noi se in the nontest ear.

The levels obtained were statistically anal ysed to determne

the neans and standard deviations. 1In addition, significance of
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di fference between means was also conputed. The results

showed that

(1) The nmean maxi num effective nasking |evels of normals
were |ower than the nmean maxi mum effective masking |evels

(oredicted and obtai ned) of conductive hearing |oss group.

(2) Maxinmumeffective masking |evels could not be deter-
mned in sensorineural hearing |oss group (pulsed tone was
presented to the sensorineural |oss ear and NB noi se was pre-
sented to the normal ear or opposite ear) as the maxi num ef fec-
tive masking |evel s exceeded the maxi numoutput linmt of the
audi ometer. The maxi mum out put for noise was 90 dBEL for all

the tested frequencies except at 250 Hz wherein it was 70 dBEL

(3) The predicted and obtai ned mean maxi mum effective
masking | evels were |owest at 250 Hz and hi ghest at 4000 Hz

for the conductive | oss ears (test ears).

(4) The difference between predicted and obtai ned nean
maxi num ef fective masking levels (for the conductive |oss ears)
was statistically significant at the test frequencies 250, 500,

1000 and 2000 Hz but not significant at 4000 Hz.

(5) The difference between predicted and obtai ned mean
maxi mum ef fective masking levels for conductive |oss ears ranged
from4.58 dB (500 Hz) to 16.21 dB (250 Hz). Since the maxi mum
difference between the predicted and the obtai ned mean maxi num

effective masking levels is just 16 dB, it can be considered that



53

the difference observed is insignificant for practical pur-
poses (a difference of + 5 d8 in absolute thresholds is not
considered as significant difference in hearing testing). The
present study reveals that there is good agreenent between
predi cted maxi mrum effective masking | evel s and the obtai ned

naxi num ef f ecti ve nasking | evel s.

| MPLI CATI ONS:

The finding that the predicted maxi nrum effective nasking
levels are nearly equal to the obtai ned naxi numeffective masking
| evel s, establishes the validity of the fornulae used for cal cu-
lating maxi mumeffective masking. The present study has resol ved
doubts regarding the validity of the fornula used for cal cul ating
maxi mum ef fecti ve nasking | evels. The audiol ogists can rely on

the formul a to decide over nasking.

Additionally, the data of the present study can be used to
find out whether the hearing | oss of the subject is conductive
or sensorineural hearing loss. Eg: if a subject of mld or
noderate hearing |l oss continues to hear the tones presented at
threshold levels to the test ear (pathol ogical ear) when nmaxi num
ef fecti ve nasking narrow band noi se (90 dBEL) is presented to the
nontest ear, the hearing | oss of the test ear can be considered
as sensorineural hearing loss. The reason is that if the test
ear has conductive hearing | oss, the subject is not expected to

hear the AC tones at threshold | evel when 90 dBEL noise is
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presented to the nontest ear. If the 90 dBEL noi se in non-
test ear fails to mask, ACtone at threshold level in test

ear - it indicates that the BC threshold of the test ear

is likely to be greater than or equal to 40 dBHL. (because
90-50 (I.A) =40). However, the observation that in 4 nornal
subj ects, AC tones presented to the test ear (at threshol d
 evel s) ware not masked when 70 dBEL noi se was presented to
the nontest ear, undermnes the previous generalization.
Not wi t hst andi ng the type of response of the four normal hearing
subj ects, the previous generalization can be used with results

of battery of tests.

A very inportant and useful inplication of the present
study can be explained here. Consider a case of unilateral
mcrotiawth atresia. |f the case has noderate hearing | oss
in the ear wth nornal pinna and external auditory neatus,
it will be difficult to find whether the hearing | oss is con-
ductive or mxed or sensorineural, as the opposite ear cannot
be masked. Wsing the previously mentioned generalization, it
nay be possible to know whether the ear with nornal pinna and
normal external auditory meatus has conductive hearing |oss
or not. The procedure is sinple - present 500 or 1000 Hz tone
to the ear with normal pinna and nornal external auditory
neatus through the ear phone, at previously deternined threshold
level. Introduce narrow band noise at 90 dBEL through ear phone
pl aced on the microtia and atresia ear. Ask the subject whether
he hears the AC tone presented to the ear with nornal pinna.

If the subject fails to hear the tone, conductive hearing | oss

in the ear with nornal pinna and norrmal ear canal, can be suspect ed.
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The above exanple points out that the procedure of finding
whet her the subject responds to AC tone in the test ear at
threshold level in the presence of 90 dBEL noise (narrow band)
in the nontest ear, can be nmade use of clinically as a test to
differentiate conductive and sensorineural hearing loss in

difficult cases.

RECOVIVENDATI ONS

(1) A large nunmber of normal hearing subjects should be
tested to find out - in how many normal hearing subjects, 90 dBEL
noi se (narrow band) in the nontest ear fails to mask the AC

tones presented to the test ear at threshold |evels.

(2) A large nunmber of conductive hearing | oss subjects
shoul d be tested to find out - in how many conductive hearing
| oss subjects, 90 dBEL noise (narrow band) presented to nontest
ear fails to mask the AC tones presented to the test ear at

threshol d | evel s.

(3) A large nunber of mld sensorineural hearing |oss
cases should be tested to find out - in how many sensorineura
hearing | oss cases, 90 dBEL noise (narrow band) presented to the

nontest ear masks the AC tones presented to the test ear (sensori-

neural loss ear) at threshold | evels.
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