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| NTRODUCTI ON




| NTRODUCTI ON

Various investigators have noted that sone patients have
difficulty maintaining audibility for a pure tone presented
continuously at threshold. Terms nost frequently used to

descri be this phenonenon are: abnornal adaptation or tone decay.

Among all the audiol ogical tests used by the audiol ogists
in D agnostic Audiology, the 'Tone decay test' (concomtant
nmonaur al adaptation) appears to assune a great inportance for
its sinplicity, accuracy, and useful ness, hence it has been w dely

used with several nodifications by many investigators.

Sone nodifications avail able of tone decay test are:

1. Schubert tone decay test

Hood tone decay test

Carhart tone decay test

Rosenberg one m nute nodification of the carhart tone decay test
Green nodified tone decay test

Sorenson tone decay test

Modi fi ed Hood tone decay test

® N o oA e N

Jerger and Jerger Supra threshold adaptation test.

Carhart (1957) proposed a tone decay test and found that
patients with nenier's syndronme and patients with other types of

sensori neural disorders denonstrated tone decay on this test.



Al t hough abnornmal adaptation is characteristic of patients

with 8th nerve lesion, patients with cochlear disorders, exhibit

tone decay as well, which confuses the problemof differentia
di agnosi s.
Many case histories illustrate that high frequency audi o-

metry contributes to a better audiol ogical diagnosis (Darint
OGsterhammel 1980) and it is predicted that high frequency audi o-

metry is of value in research studies.

In order that a systemfor testing high frequency threshold
| evels be clinically applicable, levels nust be related to a
"normal ' set of reference values and the device nust yield reliable

and val id data (Gauz, Abroon, Roberts, 1981).

One conplicating factor in the interpretation of all tests
is the frequency dependance of test results. 1In cochlear dis-
orders the synptomatology is uniquely related to test frequency.
Cochl ear signs are, by and |arge high frequency signs. There is
usually little indication of abnormality at frequencies of 250 Hz
or 500 Hz. The tone decay test ordinarily shows little decay at

250 Hz or 500 Hz.

A study was done by Garcia and Hood (1972) on tone decay
using Carhart nmethod with a variation that the tone was presented

at 5 dB SL rather than 5 dB bel ow t hr eshol d.



The threshold tone decay test was adm nistered at 500 Hz,
1 KHz, 2 KHz and 4 KHz on 41 ears. Results showed that there

was no tone decay at 500 Hz.

Anot her study was done by Doehring and Swi sher (1971). The
purpose of the study was to determ ne tone decay in nornals at
500 Hz, 2 KHz and 4 KHz, thus providing information regarding
the relationship between the amount of tone decay and the sound
pressure level at which the test tone was initially presented.
The study also provided further evidence regarding the relation-

ship of tone decay to test tone frequency.

"Resul ts showed that tone decay tended to increase wth
I ncreasing hearing threshold levels at all three frequencies.
Tone decay was nmuch smaller for 500 Hz. There was no systematic

difference between the anount of tone decay at 2 KHz and 4 KHz.

Most of the authors agree that the higher frequencies are
more sensitive therefore tone decay tends to occur 1st at the
hi gher frequencies and extendsdown the frequency scale if

progression of the disease is disclosed by subsequent testing.

It is also seen by Balas and Colo (1968) that a variety

of lesions affecting the 8th nerve may cause abnormal hearing.



Reduced hearing sensitivity and acuity may result from
traumati c neoplastic and vascul ar disorders, as well as

met abolic, infections and toxic di seases. Regardless of
etiology,early diagnosis of retrocochlear |esions may enhance

a nore effective treatnent program

NEED FOR THE STUDY:

It is known that usually the hearing sensitivity for
hi gher frequencies is affected in different condition viz acoustic
trauma, prolonged exposure to intense noise, ototoxicity, advance-
ment of age etc. Most of the normal hearing subjects do not
differ much in their hearing sensitivity for frequencies from

250 Hz to 4 KHz.

In terms of tone decay al so, the normal hearing subjects

do not show nuch difference for frequencies from250 Hz to 4 KHz.

The fact that the hearing sensitivity of the normal hearing
subjects for higher frequencies differs considerably (Fletcher
et al 1967; Jacobson et al 1969, Corlus et al 1970; Downs and
Nort hern, 1971; Osterhammel 1980) shows that if any difference
in the auditory abilities of subjects is to be detected, it is
better to have sufficient data on the auditory abilities of norma

hearing subjects for higher frequencies.



Anong the several special audiological tests, tone decay

test is undoubtedly a very useful and sinple.test to detect

retrocochl ear pathol ogy. Since tone decay test has gai ned

i mportance as a very useful test, collection of data regarding

tone decay at higher frequencies in normal hearing subjects

woul d be useful. Additionally, the 'tone decay' data at higher

frequencies in normal hearing subjects may throw sone |ight

on the subject's susceptibility for noise induced hearing |oss.

The present study was undertaken to final answers for

the follow ng questions:

1

Does tone decay at high frequencies depend on the frequency

of the stimulus?

I's there any ear difference in tone decay at high frequencies?
Is there any sex difference in tone decay at high frequencies?
Does noise in the contral ateral ear influence the results in

any way?
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REVI EW OF LI TERATURE

Adaptation is a process by which the sensitivity of the
sensory systemis nodified due to the continuous presentation

of a stinmulus at a constant |evel of sensitivity (Carro 1967).

One of the sensory adaptations is the auditory adaptation
which is the change in the functional state of the auditory
system brought about by an acoustic stimulus or nerely a reduc-
tion in apparent nmagnitude or an increase in threshold (S|l cot

and Fraser 1970).

First reference to auditory adaptation in the literature
was by Gradenigo (1893). He terned this phenonena "Functiona
Exhaustibility". He reported that in acoustic tunours, the
patient responded to a normally vibrating tuning fork for only

a few seconds as the loud tone di sappear ed.

Follow ng Lord Ray Leigh's (1882) discovery of tone decay,
considerable effort was expanded in an effort to find out what
it meant. Jacobson (1883) observed that in sone patients a
weakly strung tuning fork may actually be heard |onger than one
struck nore vigorously. Huijsman (1884) |ater treated tone decay
at sonme length, showing that it occured much nore often at high

frequencies. Carradi (1890) denonstrated that tone decay also



occurs in bone conduction, if, after the tone di sappears the
fork is taken off the nmastoid and replaced, it can again be
heard by sone patients, Carradi (1890) therefore used as

di agnosti c measurenment the duration of perception at the 1st
application of the fork, than at the second reapplication and
so on. Schafer (1905) insisted that not everyone expresses
tone decay even at high frequencies. He could hear |oud

Rayl eigh's bird call indefinitely. Phone(l906) found no con-
sistent difference in the degree of tone decay between nornal
ears and persons with m ddl e ear pathology. Bleyl (1921) tested
persons with normal hearing, conductive | osses, perceptive

| osses and 'mscellaneous', but found no consistent differences
among the groups. K Schuberts (1944) rediscovered tone decay

as a diagnostic tool.

DI FFERENTI ATI ON OF TONE DECAY FROM SI M LAR PHENOVENA

A tone of steady intensity presented through a standard pure
tone audioneter to a pathologic ear near threshold is often
perceived as fading in |oudness. |In describing this phenonenon,

i nvestigators have used various terns including perstinulatory
fatigue, threshold shift, abnormal adaptation, relapse and tone

decay.

The terns are confusing and nust be differentiated from

tone decay.



Tone decay and fati gue:

The major difference between fatigue and tone decay is
that fatigue effects last |onger and can be neasured after
the fatiguing stinulus is discontinued. Wereas effects of

tone decay recover very rapidly.

Tone decay and perstinul atory adaptation:

Tone decay is often confused with perstimulatory adapta-
tion which appears only when both ears are sinultaneously
stimul ated and has nothing to do with the adaptation of the
cochl ear receptors. Tone decay on the other hand is a nonoaur al
phenonenon and is neasured wi th nonoaural stinmulation. Even
t hough tone decay recovers within several seconds, it can hardly
be perstimulatory adaptation which has a recovery period nearer

one ni nut e.

Tone decay and fast adaptation:

Sergeant and Harris (1963) said that tone decay is diffe-
rentiated from fast adaptation as the recovery of tone decay
foll owi ng cessation of stinmulus was slower than that of fast
adaptation. On the other hand fast adaptation has a brief onset
(300 msec. or less) and recovery of its locus is the hair cells.
Also it is measured with clicks and is a function of inter click

i nterval .



VEASUREMENT OF TONE DECAY:

Threshol d tone decay nay be defined as decrease in
threshold sensitivity resulting fromthe presence of a barely

audi bl e sound.

The advantages of the threshold tone decay test is its
sinplicity. No special equipnment is required other than an
audi oneter and a watch. The high correlation between the
threshol d tone decay and the Bekesy conparison of interrupted

and continuous tone suggests that if one does not have access

to a Bekesy audioneter, he may still classify patients as to
presuned Bekesy types Il and Il on the basis of threshold tone
decay.

There are several nodifications available of the tone
decay test. Sone of themare:

1) Schubert tone decay test:

It appears that Schubert (1944) was the first to report
the use of a conventional audioneter to neasure tone decay.
In his procedure, the patient was allowed to |listen to a 5 dB
tone until the tone disappeared. Thereafter the intensity was
raised in 5 dB steps without interruption until a pl ateau was
reached or the maximum limt of the audi oneter prohibited follow

ing the receding tone.



2) Hood tone decay test:

Hood (1965) reported a nore el aborate tone decay procedure
where the subject's threshold of hearing is determned. Then
the test is begun by presenting a tone 5 dB above threshol d.
[f the subject stops hearing the tone, it is switched off and
the subject allowed rest of 60 sec. Then the intensity is further
raised by 5 dB and the procedure repeated until an intensity

I's reached which produces a sensation of tone 'indefinitely'

3) Carhart tone decay test:

In 1957 Carhart proposed as a formal clinical test an

adaptation of the procedure proposed by G adenigo (1893).

Carhart's procedure involved presenting a continuous tone
at 5 dB below a patient's previously determ ned hearing thresh-
old level and checking the patient's response with a stopwatch.
If the patient maintains the tone at an audible |evel for
60 secs, the test result is negative i.e. there is no tone decay.
If the patient 'looses' the tone short of 60 secs the exam ner
I ncreases the intensity by one or nore 5 dB steps until the
patient again signals that he hears the tone. The timng then
comences a new. Additional increases are made if necessary
until a hearing level is reached at which the patient can respond
to the tone for a full 60 seconds. The anount of tone decay is
expressed as the dB change from the original threshold to the

final hearing level required to neet the 60 secondscriterion.



4) Rosenberg one mnute nodification of the Carhart tone decay

test:

Rosenberg (1958) proposed a shortened version of the Carhart
tone decay test. Exploration for any given tone is limted to
a total of 60 seconds. No record is kept of the nunmber of seconds
the tone is audible at each intensity level at the end of a total
of 60 seconds, the tone switched off and the ampunt of tone

decay in dB is conputed.

Several variations of the Carhart test such as the Rosenberg
modi fi cation, have been proposed to reduce the tine of test admni-

stration in the interest of the patient and of the exam ner.

Usi ng Rosenberg nodification it was seen that when the tone
decay was measured, at the end of 60 seconds, a total of 12.5 dB
decay is noted. This could be classified as a cochlear pattern,
whereas continuation of the test uhder the Carhart technique

produced a total tone decay of 85 dB (Parker et al 1971).

5) Sorenson Tone decay test:

This tone decay test was given by Sorenson in 1962. The
Instructions are the same as the Carhart tone decay test, but

he enployed a 90 second criterion for termnation of the test.



6) Modified Hood tone decay test:

This test was given by Onen and is the same as Hood's
tone decay test except that the test has to be stopped at the
| evel . Were he hears the tone for the conplete m nute or
at 20 dB SPL whether he hears the tone for one conplete mnute

or not, whichever cones first.

In the tests discussed, one is concerned primarily with
the total anount of threshold shift produced within a given
time reference. Ownens stresses a different paranmeter in his
vari ation of the tone decay test, nanely the tine required for
conpl ete fade out of the tone within a specified range of
threshold shift. |In additionto this, a 20 second rest period
bet ween each intensity increnent is given. It is believed that,
the 20 second rest (recovery) period may have a nodifying effect
i.e. tending to nake the test |ess sensitive by interrupting

the stinmulus duress.

7) Green Modified tone decay test:

In 1960 Green nodified the instructions given with the
shortened one mnute version of the Carhart test (G een 1960).
The subject is instructed to keep the arm perpendi cul ar when
he hears the tone and to lower it to 45 degree angle if the
stimulus | ooses tonality, but remains audible and to |ower his

armto the rest position if the sound becones conpl etely inaudible



8) Sinplified Suprathreshold tone decay test:

The conventional tone decay test has two basic limtations
i.e. it may consume an unusual anount of testing tinme, especially
at high frequencies where 15 to 20 dB of decay is not unusual in
normal ears. Also coupled with its extrene sensitivity to 8th
nerve di sorder seens to be an unusually high positive rate. Thus
a hypothesis was formed (Jerger and Jerger 1975) that synptons
of abnormal tone decay first appears only at the highest testable
sound intensity. Later as the 8th nerve disorder progresses,
they will be manifest at systematically lower and |ower test
levels. In the early stages however, they are not likely to
appear at or near threshold. Indeed, in these early stages,
cochl ear synptons will usually predom nate. Only when abnornal
adaptation has noved well downward on the intensity scale wll
it begin to mask the otherw se dom nant cochlear signs to

produce a classic retrocochlear configuration of test results

Wor ki ng on the above hypothesis Jerger and Jerger proposed
a sinplified suprathreshold tone decay test. The test frequencies
are 500 Hz, 1 KHz and 2 KHz. The technique is that a continuous
500 Hz test tone at 110 dB SPL is presented in the test ear with
a white noise masking the non test ear at 90 dB SPL until the
patient indicated that he no |onger hears the tone, or until

60 secs, has el apsed whi chever cones first.



9) Albreicht Effect:

Al breight effect is a phenonena concerned primarily with
the tine required for conplete fade out of the tone at threshold.
The test differs from Carhart tone decay test (1957) in three
respects (a) tone was presented at threshold level istead of at
bel ow t hreshol d, (b) duration for which tone was heard was
recorded, (c) subject was to indicate if there was reduction in

| oudness.

A study done (Madhuri 1981) showed that the duration of
decay reduced with increasing frequency (i.e. tone decay increased

with increasing frequency).

CLASSI FI CATI ON OF TONE DECAY:

Al t hough abnormal tone decay is characteristic of patients
with 8th nerve |esions, patients with cochlear disorders exhibit
tone decay as well, which confuses the problens of differentia

di agnoses.

It seens reasonable to assune that the anmount and the type
of threshold shift on tone decay, by whatever nethod they are
nmeasur ed, depend on the severity of involvenents of the neural
el ements and that the concept of an arbitrary dividing |line on
one side of which we call the results negative and on the other

positive is unrealistic. There have been cases in which there



was little threshold shift by any method on first testing, but
in whom total threshold shift devel oped at all frequencies over

a period of time with subsequent tests.

Despite the wi despread use of tone decay tests, system of
classification appears infrequently. Rosenberg (1958) devised
a clinically useful scale of gradation based on the nunber of
dB of tone decay resulting from application of his procedure.
He used the following criteria O to 5 dB normal .

10 to 15 dB mld
20 to 25 dB noderate

30 dB or nore nmarked.

Rosenberg (1969) indicated that mld to noderate |evels of
tone decay were frequently seen in pathology involving the

organ of corti, whereas marked tone decay al nost al ways i ndicated

retrocochl ear pathol ogy.

A asscock (1968) using the sane testing techni que agreed

that a positive tone decay test was one in which there were atl east

30 dB of decay.

Tillman (1969) advocated the longer Carhart procedure, but
agreed that patients with retrocochlear lesions typically had tone

decay exceeding 30 dB.



Onens (1964) derived 3 major tone decay types:

Type-1 - There is no evidence of decay i.e. the tone remains
audi ble for 60 seconds at 5 dB SL

Type-I11 - There is progressively slower decay with each 5 dB
increments. The anpunt of decay is neasured only
upto the 20 dB SL. Five categories of Type-Il tone
decay are delineated on the basis of amount and
rate of tone decay.

Type-111 - There is progressive decay with little or no change

inrapidity with each 5 dB intensity increment upto

20 dB SL.

Moral es Garcia and Hood (1972) used a four type classifica-
tion systemto indicate increasing anounts and rates of tone
decay in patients who were given the Carhart tone decay test
Records were kept of anmount of decay as a function of time. Tone
decay type-I was mninmal and did not exceed 15 dB. Slightly
greater decay was called type-11. Patients were classified as
type-111 if they had nore than 20 dB of decay at 500Hz, nore
than 25 dB at 1 KHz, nore than 30 dB at 2 KHz or nore than 35 dB
at 4 KHz. Type-1V was distinguished fromtype-I1I1 primarily

by rapidity of the decay.



| NTERACTI ON OF TONE DECAY W TH SPECI AL TESTS:

When tone decay is present, its influence can often

be seen in tests other than the formal tone decay test itself.

Tone decay and Bekesy audi onetry:

The nost obvi ous nmani festation of tone decay is in Bekesy

audi onretry when the tone is continuous.

Comparison of Carhart tone decay test and Bekesy audi onetry
shows that in Carhart tone decay test an uninterrupted pure tone
stimulus starting at threshold intensity is continued for

60 seconds.

I n Bekesy sweep tracing difference between the threshold
nmeasured by the continuous tone tracing and the interrupted tone
tracing is a neasure of the tone decay. In this test, there are
two added factors that are not present in tone decay test which
could influence the result. First the frequency is continually
chaning from the above to bel ow threshold and back and al so the

intensity is continually shifted.

It might be anticipated that continuously changing intensity

al one (fixed frequency) mght influence the nmeasurenent of tone

decay.



Roger and Kos (1952) noted that when one tested at a single
frequency in a person with acoustic neuronma, the indicated thresh-
old gradually shifted toward a hi gher and higher intensity. Even
when the frequency is continually shifted, the tone decay induced
by the threshold | evel tone may be considerable, so that in such
cases |arger separation between Bekesy audi ograns gathered using

continuous and using interrupted tone energes.

The nodi fi ed Bekesy audi oneter can easily be used to track
tone decay, at discrete frequency for the Carhart and Rosenberg
tests. The subject is nerely instructed to press the button as
soon as he hears the tone, to keep the button pressed for as |ong
as he hears the tone, and to rel ease the button when the tone
fades away. As soon as the patient rel eases the button, the tone
w il automatically increase in intensity until the patient once
again presses the button. This is continued for 60 seconds
(Rosenberg) or until the tone is heard at one level for a ful
60 seconds (Carhart). The Bekesy audioneter is sonewhat nore
difficult to use for the Onens procedure because this procedure
requires a 20 second rest period after the tone fades away, as

well as several 5 dB increnents.

Tracki ng tone decay with the nodified Bekesy audi oneter

offers two advantages over the procedures routinely enployed for



measuring tone decay. First and nost inportant is that we can
obtain not only an accurate neasurenent of tone decay, but also
a precise picture of the interaction between intensity and tine.
We can also note the tinme and/or intensity required to reach
audi bility once the tone fades away, which is inportant in the

differential diagnosis of |esions of the auditory system

Tone decay and difference Linen:

Plath (1973) believes that the difference linen for intensity
is an indicator for adaptation and fatigue in the auditory func-
tion. He believes that with the SISI test, adaptational changes
of hearing are also neasured. This is evidenced by the fact that
the 6th and 20th increnments are heard nore often than the first 5
increments. He justifies this assunption on the fact that adapta-
tion of the sensory cells of corti occurs in mlliseconds. Thus,
the described adaptation tinme of 30 seconds of tone stinulation,
for intensity difference linmen nust be influenced by a nore centra

adaptati on process, with a longer tine constant.

Jerger (1955) reports high SISI scores in a patient with
retrocochl ear pathol ogy. Because of the decay of carrier tone,
the one dB increnment pips, appears to energe fromsilence. The
5 second interval between the pips, allows for sufficient recovery

to take pl ace.



Even ears exhibiting noderate tone decay, 20 dB either
with cochlear or retrocochl ear pathology, exhibit this
phenonmenon (Hughes 1968). This effect is possibly been

denonstrated in normals if the contral ateral ear is masked.

Tone decay and ABLB:

When the ABLB recruitnment test is performed at a frequency
where there is marked tone decay, |oudness growh with increas-
ing intensity is less than normal. This result has been terned
decruitnment (Fow er 1965, Davis and Goodman 1966) in contrast
to recruitnment where |oudness growh wth increasing intensity

is greater than normal.

Tone decay and Evoked Response Audionetry:

In cases with nerve VIIl lesions every average evoked
response on the inpaired side revealed |onger |atency and
smal | er anplitude than those obtained fromthe normal side.

On the other hand, the Menier's cases reveal ed shorter | atency
or very little difference in latency and increase in anplitude

on the inpaired side.

Tone decay and word di scrimnation:

In cases where there is marked tone decay, presumably from
damage to fibres of nerve VIII, word discrimnation may be

much worse than the pure tone thresholds would ordinarily indicate.



Tone decay and acoustic reflex:

Tone decay is associated with elevated refl exes as well

as abnormal reflex decay.

Tone decay and pseudohypacusi s:

Little is known at this tine about characteristic res-

ponses of functional patients to the standard tone decay test.

TCNE DECAY AND MASKI NG

It is well known that even mnor alteration in test
conditions may significantly change the outcone of audiol ogica
tests. Masking of the non test ear is necessary in testing
adaptation at threshold in many patients with a unilateral

hearing | oss.

The adaptation tests performed with a starting |evel of
20 dB SPL maski ng do, however show masking effects to those at
other levels, and were found to be statistically significant
for the Carhart test. Shinija (1969) found a greater degree
of tone decay effect with the Carhart test than had been

observed with Bekesy recordings.

The mechani sm of masking effects on tone decay are obscure.

It could be argued that cross masking occured with the higher



| evel s of masking used. A further possibility is that the
tone decay assessnment without masking was due to cross

heari ng.

Bl eguad and Turkildren (1966) argue that the effect
of central nmasking is not due to stapedius contraction and
Bl eguad (1972) has al so denonstrated in one patient that
the cochlear efferent fibres were not responsible. Shinizu
(1969) was of the opinion that central adaptation m ght be
responsi bl e. Hopkinson (1971) found that patients with
brai nstem | esion were nore susceptible to central nasking

than those with peripheral pathol ogies.

Bel eguad and Josephsen (1971) have reconmended t hat
contral ateral masking should al ways be used with tone decay

test in order to avoid false negative results.

MECHANI SM OF TONE DECAY:

Tone decay is a normal phenomenon. The nechani sm of
tone decay is not exactly known, but many specul ations are

based nostly on studies on pathol ogi cal groups.

Mar ked decay was found in patients with retrocochl ear
pat hol ogy. Abnormal tone decay can be caused by neural
degeneration, inflammation, trauma, as well as space occupying

| esions like tunours which press against the eighth nerve.



The etiol ogies that can mani fest tone decay are
acoustic primary tunmour, chol esteatonma, neningoma (Johnson
1966), thermal injury to nerve eight (Harbert and Young
1962) nultiple sclerosis, munps, neuritis. Van Recklinghausen's
di sease, acquired genetic deafness, Ranmsay hunt syndrone,
intracrani al aneurysm head trauma (Hartbert and Young)
Pi neal oma (Kos 1955). Extra axial brain stem|esion (Jerger

and Jerger 1974).

Reversi bl e tone decay has been describedin nerve VII
neuritis, multiple sclerosis, pineacom, cerebellar atrophy
or cerebellar tumour (stroud and Thal amann 1969). Such a
wi de array of etiologies causing abnormal tone decay has
caused a nunber of specul ations about the mechani sm and | ocus

of the tone decay.

Tone decay is associated with both decrease in |oudness
as well as a change in tonality. Any theory about nechani sm

of tone decay nust explain both these factors.

The underlying physiol ogical correlates of tone decay
s generally assuned to be an absence of neural elenents to

fire continuously.

According to Mathew s work, when a stinmulus is applied

to the end organ, the action potential response consists of an



initial high frequency di scharge known as the 'on-effect'.
The duration of this initial burst of inpulses is breif,
being of the order of 0.2 second and is followed by a slow
decline in the discharge frequency with time. This decline

is ternmed adaptation

Davi s (1962) contended that the mechani smof tone
decay was probably anal ogous to the Wednesky inhibition
to peripheral nerves. The essence of this phenonenon is
that if a short stretch of nerve is partially narcotized,
the first inpulse of a series or perhaps an entire series
of inmpulses with long intervals between themw || pass
t hrough successfully, but a rapid sequence will fail after

the first inpulse or first few inpul ses.

Assuming a simlarity between "Wdneskey's narcotically
i nduced neural block™ and the partial dysfunction of a large
nunber of nerve fibres froma retrocochlear lesion. Davis
postul ated that the gradual slowing of recovery and failure
of conplete recovery during continued stinulation should
cause the progressive failure of nore and nore of the inpaired
fibres. This would obtain in any condition of retrocochl ear
| esi on, whether pressure froma tumour, inflammtion or
atrophy of nerve VIII fibres. The sinmultaneous |oss of

tonality and audibility would be accounted for on this basis.



Anot her condition exists in which the fatiguing signa
| ooses tonality but not audibility. This phenonmenon may be
expl ained fromthe travelling wave and volley theories. |If
the place of nmaxinmal stinmulation on basilar nenbrane and
adj acent areas is 'served' by a large nunber of defective
fibres, the stinmulating tone will fail to be sustained and
t he adjacent areas to which the signal spreads will exhibit
a lack of response and so audibility but not tonality would

be preserved.

The off effect is often seen in tone decay. The tone
| ooses both audibility and tonality, but the patient becones
aware that the tone has been with drawn, as soon as it is

di sconti nued.

This effect is due to the neural off fibres found in
the vertebrate's ears and eyes which are activated when sound
or illumnation caeses (Hubert and Young 1962). This is the

mechani sm i n pat hol ogi cal ears.

Tone decay is seen in normals also, but to a different

degr ee.

To know whet her tone decay is at |east partially a
central nervous system effect, Hahn and De Mchelis investi-

gated the length of tine a tone at or near threshold intensity



could be heard. Their results showed that a sinultaneous
intermttent l[ight markedly reduced the period of audibility.
In agreenent with Sorenson, they concluded that threshold
tone decay is not exclusively a peripheral operation. They
suggested that Rasnussen's efferent tract plays an inportant
role by producing an inhibitory effect on the 8th nerve. It
is not known how the tract of Rasnmussen coul d be activated

by a light. The possible inportance of the efferent auditory
system to adaptation was pointed out also by Portmann,

and Pertal ozza.

Har bert and Young observed Bekesy tracings in a study
of the threshold tone decay. They found abnormally rapid
decay related to a wi despread partial damage to axons. They
hypot hesi sed that threshold tone decay results from ionic
changes in interstitial fluids affecting conductivity of

dendrites.

TONE DECAY AND THRESHOLD

Hood noticed that a tone presented at |ow or near
threshold intensity decayed, but with higher intensities,

the persistence of sensation is indefinite.

This suggests that the auditory systemrequires a certain

| evel of stinulation to maintain its response at one |evel,



indefinitely. This level is the sanme, regardl ess of whether
the tone is initially presented at threshold or at any other

val ue (dsen and Nof fsinger 1974).

This may be as in pathol ogi es of eighth nerve, where a
certain nunber of the fibres are under continuous stinulation
and may be in a absolutely refractory stage. These fibres
probably respond to low intensity. As the intensity is
increased, fibres which required a higher level of intensity
| arger brought into action and since were larger in nunber
woul d then sustain the perception. 1In normals it has been
found that at a level of 5 to 10 dB above threshold, a tone
is sustained at least for one mnute (WIllefored 1960). This
i ndicates that duration for which a tone is sustained at
threshol d level increases very rapidly for every decibel increase
of presentation upto the critical point i.e. 5 to 10 dB SL

general ly.

It is of interest whether the amount of tone decay
varies systematically as a function of the sound pressure
| evel of the test tone in S.N. (sensorineural) | oss. Since,
the initial test tone is given at or near threshold, in tone
decay tests, the sound pressure |evel which reaches the

cochlear will increase with increases with SN | 0ss.



Doer hi ng and Swi sher (1971) concluded that anount of
tone decay is related tothe initial threshold |evel of

the test tone in S.N.|oss.

Onens (1964) reported that there tended to be |ess
tone decay in patients with mld SN |oss, but did not

specify the amount of decay at each sound pressure |evel.

TONE DECAY AND FREQUENCY:

Avai | abl e data on nornmal ears show a definite frequency
effect. Morale Garcia and Hood 1972 found no tone decay at
the test frequency 500 Hz, At 1 KHz, 10 out of 41 ears had
a slight tone decay of 5 dB. At 4 KHz it was found that the
proportion of ears wth sonme decay exhibited increased
thresholds. It can be concluded that tone decay was no greater
than 5 dB at 500 Hz and 1 KHz and no nore that 10 to 15 dB
at 2 KHz and 4 KHz. The magnitude of tone decay increased with
frequency, but one nust not forget the additional factor of

hearing threshold invol ved.

The frequency effect is nore clear is pathol ogical ears.
General ly, tone decay in retrocochlear pathology is narked
in the higher frequencies. This, however, is due to the

organi sation of nerves in the auditory nerve, with fibres



from the base of the cochlea on the outside and entering

the cochlea in the dorsal position (Neff et al).

Doehring and Swi sher (1971) also report that higher
tone decay was seen at 4 KHz on the modified Rosenberg,

as compared to other frequencies.

Tone decay was smaller for 500 Hz at hearing threshold
| evel s below 60 dB and increased to above 70 dB for higher

frequencies between 2 KHz and 4 KHz at threshold |evel.

Owens found that tone decay seldom occurs for frequen-
cies below 2 KHz and when thresholds are below 35 dB.
| mpai rment in the pons or higher levels may cause a pro-
nounced decay at one frequency. (Morales, Garcia and Hood

1972).

The tone decay test seems to be a valuable test as to
the diagnostic separation of eighth nerve disease, but not
in the differentiation betweenthe other groups. Tone decay
in 500 Hz, 2 KHz and 4 KHz definitely suggests an expansive
angle tumour (G aevines and Sohoel 1969). At 4 KHz tone
decay may be present in all diagnostic groups. This test
frequency therefore has little diagnostic value and could
possibly be dropped to sinplify the audiometric exam nation.
Al though a pathol ogical outcome at the test frequency 2 KHz

may be found in all the diagnostic groups except the normal



hearing group and the group of conductive hearing |oss, the
results in the angle tumour group differ distinctly from
the other ones. Therefore, it is recomended that tone
decay test be carried out at two frequencies i.e. 500 Hz
and 2 KHz. The application of the |lower test frequencies
however, should be necessary only in cases with significant

decay at the higher frequencies (G aevenes and Sohoel 1969).

H GH FREQUENCY AUDI OVETRY

A routine pure tone audionetric assessnent usually is
restricted to the range from 250 Hz to 8 KHz, possibly because
nost of the inportant sounds of everyday life fall within
this range, and al so because normative threshold data with
this range are |l ess affected by acoustic factors of the pure
tone signal itself. Yet although it has long been known
(Wegel 1932) that the total range of human hearing is appro-
ximately 16 Hz to 24 KHz relatively little clinical work has
been done with frequencies were of relatively little
i mportance for nost practical purposes in diagnostic assess-

ment as in therapeutic environnent.

Zislis and Fletcher (1966) suggest that if high frequency
hearing efficiency is affected, then perhaps a hearing deficit
whi ch appears only at very high frequencies can serve as an
i ndi cation of possible further hearing loss at the nore

i mportant |ower frequencies.



H st ol ogi ¢ observations of the extreme base of the
human cochl ear have indicated that degeneration nmay be common
by early adulthood. Thus a normative survey for hearing sensi-
tivity above 8 KHz may include subjects who have, for unknown
reasons al ready undergone physiol ogic changes that affect high
frequency audition. In this group it was seen that hearing
sensitivity above 12 KHz was highly variable and neither history,
i nformati on nor conventional audi ograns adequately explained the

hearing sensitivity difference.

The normal hearing estinmate reveal ed nmean threshold from
500 Hz through 12 KHz were less than 20 dB SPL rising steeply

to 82 dB at 20 KHz in normals from 18 to 27 years.

Thus it is seen that testing tone decay at high frequen-
cies can help in early diagnosis. Before a case can be said
to have abnormal tone decay, it is inportant to have norns
for tone decay and fromthe review of literature on tone decay
one can see that no pertinent literature is available regard-
ing nornms for tone decay at high frequencies and therefore this

study has been taken up.



VETHODOLOGY




VETHODOL OGY

SUBJECTS:

30 subjects of whom 15 were males and 15 fenal es were
tested in this study. The subjects were selected fromthe

student popul ation of T.N Medical Coll ege.

The subjects had to satisfy the following criteria:

1. No history of any ear discharge, ear ache, tinnitus,
gi ddi ness, headache, brain danmage or exposure to |oud sounds.
2. No famly history of hearing |oss
3. Age range from 18 to 25 years
4. Hearing sensitivity within 25 dB HL (ANSI 1969) in the
frequencies 500 Hz, 1 KHz, 2 KHz, 4 KHz, 6 KHz and 8 KHz.

| NSTRUVENTS USED:

An Arphi 700 MK IV Serial No.275 audioneter with TDH 39
ear phone and circum aural cushion MX-41/ AR was used. The audi o-
meter was calibrated for both intensity and frequency for pure

tones and for noise as per the specifications given by ANSI 1969.

TEST ENVI RONMENT:

The study was carried out in an acoustically sound treated
room at T.N. Medical College. The anbient noise |levels present
in the test room were bel ow the proposed maxi nrum al | owabl e noi se

| evel s.



PROCEDURE:

The subject was seated in an armchair so that the control

panel of the audioneter was out of his line of vision.

First, thresholds were obtained for pure tones at frequencies

500 Hz, 1 KHz, 2 KHz, 4 KHz, 6KHz and 10 KHz.

The subject was instructed as follows: "you will hear a tone
in either your right or left ear. Rest your elbow on the arns of
this chair, nake a fist and rai se your index finger when you hear
the tone. Even if you hear it softly, raise your finger and hold

it up as long as you hear the tone. Wen you no longer hear it,

bring your finger down. |[If you hear the tone in your left ear
[ift your left finger and if you hear in your right ear, lift your
right finger". The instructions were acconpani ed by appropriate
gestures.

Threshol ds were established using the Hughson Westl ake

procedure.

The tone was initially presented at 40 dB HL and the inten-
sity of the tone was reduced in 10 dB steps follow ng each posi -
tive response, until he failed to respond. The tone was then
raised by 5 dB. |If the subject heard this increnent, the tone
was reduced by 10 dB and raised in 5 dB steps until it was again

hear d.



Thus the thresholds were established for 500 Hz, 1 KHz,
2 KHz, 4 KHz, 6 KHz, 8KHz and 10 KHz.

The right ear thresholds were obtained from7 male and 8
femal e subjects. Left ear thresholds were obtained from8 males

and 7 fenmnl es.

Tone decay at frequencies 4 KHz, 6 KHz, 8 KHz and 10 KHz
was determned for the same ears. Carhart's (1957) nethod was

used to determ ne tone decay.

The test beganwi t ht he sustai nedtone 5 dB bel ow t he establ i shed
threshold and the intensity was increased in 5 dB steps without
interruption until the subject responded. As soon as the subject
responded, timng was noted with a stop watch. |If the tone was

heard for one mnute the test was term nated.

If the subject indicated that he no longer heard the tone
before the one mnute criterion was met, the intensity of the
tone was raised by 5 dB, without interrupting the tone and the
stop watch was set back to zero and timng begun for one mnute

agai n.

The sane test was repeated using 60 dB SPL white noise in

the contral ateral ear.



Tone decay was determned at the different frequencies
inthe follow ng order: 6K, 10K, 4K and 8KHz. 5 min rest

was all owed between the test frequencies.

The data collected were statistically treated and anal yzed

usi ng appropriate statistical neasures.
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RESULTS AND DI SCUSSI ONS

The present study was undertaken to find out norns for tone
decay at high frequencies viz. 4 KHz, 6 KHz, 8 KHz and 10 KHz and
to find answers for the follow ng questions:

1. Does tone decay at high frequencies depend on the frequency of
t he stiml us?

2. |Is there any ear difference in tone decay at high frequencies?

3. Is there any sex difference in tone decay at high frequenci es?

4. Does 60 dB SPL noise in the contral ateral ear difference the
results in any way?

The study was perfornmed on 30 nornal subjects in an age range
of 18 to 25 years. Tone decay was determ ned using Carhart

procedure (1957).

Pure tone thresholds of 8 fenale subjects for the right ear

are given in Tabl e-1.

Pure tone thresholds of 7 fenmale subjects for the left ear

are given in Tabl e- 2.

Pure tone thresholds of males for the right ear are given in

Table-3 and for the left ear in Tabl e-4.



Tabl e-1: Pure tone thresholds of females for the right ear in dB H

Sl . No. 4 KHz 6 KHz 8 KHz 10 KHz
0

1 5 20 20

2 5 5 0 0
3 0 15 5

4 20 15 15 -

5 10 10 5 0

6 15 20 15 0

7 15 15 10 0
8 5 5 5 0

Tabl e-2: Pure tone threshold of fenales for the left ear in dB HL.

Sl . No. 4 KHz 6 KHz 8 KHz 10 KHz
1 10 10 5 —
2 10 20 10 20
3 5 0 10 10
4 20 10 20 20
5 0 0 10 0
6 10 15 15 25
7 15 15 15 0




Tabl e-3: Pure tone thresholds of males for the right ear in

dB HL.
SI. No. 4 KHz 6KHz 8 KHz 10 KHz
1 20 20 20 15
2 5 15 15 25
3 25 20 10 5
4 10 10 20 10
5 25 10 10 0
6 15 20 20 10
7 0 20 15 20

Tabl e-4: Pure tone thresholds of nales for the left ear in

dB HL.
Sl . No. 4 KHz 6 KHz 8 KHz 10 KHz
1 10 20 15 10
2 20 15 15 25
3 20 25 25 25
4 15 5 20 5
5 10 20 10 20
6 20 15 15 15
7 20 20 20 25
8 20 25 25 25




Mean, Standard deviation and range of pure tone threshol ds
for right and left ears at different frequencies viz. 4 KHz, 6 KHz,
8 KHz and 10 KHz for fenales and males are given in tables 5 and 6

respectively.

Mean, standard deviation and range for conbi ned data of the
pure tone thresholds at different frequencies are shown in table-7.
I n conbi ned data, the nmean, standard deviation and range do not

vary greatly at different frequencies.

Tabl e-5: Mean, Standard Deviation and range of the pure tone

thresholds at different in females in the right and

| eft ears.
R ght Left
Fr equen- Mean S. D Range Mean S. D Range
cies
4 KHz 9. 375 6. 781 0-20 4 5. 982 0.20
6 KHz 13. 125 5. 938 5-20 6. 470 7.127 0.20
8 KHz 9. 375 6. 781 0-20 12. 142 4.879 5.20

10 KHz 0. 769 1.877 0-5 15 9. 428 0.25




Tabl e-6: Mean, S.D. and range of pure tone thresholds at different

frequencies in males in the right and left ear.

R ght Left
Frequen- Mean S. D. Range Mean S. D. Range
cies
4 KHz 14. 705 9. 265 0.25 15. 108 7.187 10. 20
6 KHz 15. 208 8.139 10. 20 15. 555 7.115 5.25
8 KHz 15. 322 7. 408 10. 20 15. 887 6. 926 10. 25
10 KHz 14. 736 7.618 0.25 18. 75 7. 905 10. 25

Tabl e-7: Mean, S.D. and range of pure tone thresholds at different

frequencies in conbined dat a.

Frequenci es Mean S. D Range
4 KHz 12. 33 6. 91 0.20
6 KHz 14.5 6. 74 0.25
8 KHz 14. 16 6. 45 0.25
10 KHz 13. 202 7.769 0.25

Tone decay was determ ned under two conditions viz. A (wthout
60 dB SPL noise in the contralateral ear) and B (60 dB SPL noise in

the contralateral ear) at different frequencies.



The anount of tone decay at high frequencies in fenal es
for the right ear under the two conditions is given in table-8

and for the left ear under the two conditions in table-9.
Tabl e- 10 shows tone decay at different frequencies in nales
under the two conditions for the right ear.

Tabl e-11 shows tone decay at different frequencies in nales
under the two conditions for the left ear.

Tabl e-8: Tone decay at different frequencies in fenales for the

right ear.
Wthout noise in the 60 dB SPL noise in the
contral ateral ear contral ateral ear.

No. 4KHz  6KHz 8KHz 10KHz 4 KHz 6KHz 8KHz  10KHz

1 s 5 15 10 15 5 15 15
2 5 20 20 15 10 25 25 20
3 10 5 20 5 5 15 25 25
4 15 35 35 - 15 45 45 -
S 15 15 15 5 15 20 20 30
6 10 35 25 25 10 35 30 15
7 5 5 10 5 5 10 5 15

8 10 15 25 45 10 10 20 30




Tabl e-9: Tone decay at different frequencies in fenales for the

| eft ear.
Wthout noise in the 60 dB SPL noise in the
contral ateral ear contral ateral ear

No. 4KHZ 6KHz 8KHz 10KHz  4KHz 6KHz 8KHz 10KHz

1 30 5 10 - 10 5 15 _
2 10 5 10 5 10 15 20 5
3 25 30 5 20 15 30 15 .

4 5 5 5 10 5 20 20 20
5 10 30 25 15 20 15 5 15
6 5 10 10 10 10 15 30 25
7 10 15 10 - 15 15 5

Tabl e-10: Tone decay at different frequencies in nales for the

right ear.

W thout noise in the 60 dB SPL noise in the

contral ateral ear contral ateral ear
No. 4KHz 6KHz 8KHz 10KHz 4KHz 6KHz 8KHz 10KHz
1 15 25 10 5 35 25 25 35
2 10 5 5 10 15 40 20 20
3 10 20 10 10 15 25 40 35
4 S 10 15 S 10 20 20 15
5 15 10 35 20 20 10 20 15
6 10 20 35 15 25 20 40 15
7 10 15 10 35 10 20 50 35




Tabl e-11: Tone decay at different frequencies in nales for the

| eft ear.

Wthout noise in the 60 dB SPL noise in the

contral ateral ear contral ateral ear
No. 4KHz  6KHz 8KHz 10KHz  4KHz 6KHz 8KHz 10KHz
1 5 5 5 5 5 5 > >
2 30 15 20 15 20 45 45 45
3 20 30 40 35 15 45 55 40
4 5 10 5 10 15 25 50 50
5 15 15 30 35 35 50 60
6 5 5 10 10 10 ° 25 25
7 15 5 30 15 15 10 3% 35
8 15 25 20 30 20 S 45 40

Mean, S.D. and range of tone decay at different frequencies

wer e conput ed.

Tabl e-12 gives the nean, S.D. and range of tone decay in
fenales for the right ear and table-13 for the left ear under the
2 conditions viz A(wthout 60 dB SPL noise in the contral atera

ear) and B(60 dB SPL noise in the contral ateral ear).

Tabl e-14 gives the nean, S.D. and range of tone decay in
males for theright ear and table-15 for the left ear under the

2 condi tions.



Tabl e-12: Mean, S.D., and range of tone decay at different frequen-
cies in females for the right ear.

Wthout noise in the 60 dB SPL aoise in the
contral ateral ear contral ateral ear.
Frequen- Mean S. D Range Mean S. D. Range
ci es
4 KHz 9. 375 4,170 5.15 10. 625 4.172 5.15
6 KHz 15.625 13.211 5.35 20. 625 13. 741 5.45
8 KHz 20. 625 7.761 10. 35 23. 125 11.628 5.45
10 KHz 15.714 14.819 5.45 21. 428 6. 991 15. 30

Tabl e-13: Mean, S.D. and range of tone decay at different frequencie
in females for the left ear.

Wi thout noise in the 60 dB SPL noise in the
contral ateral ear contral ateral ear
Frequen- Mean S. D Range Mean S. D Range
ci es
4 KHz 13.57 9. 88 5.30 12. 142 4.879 5.20
6 KHz 14. 28 11. 34 5.30 16. 428 7. 493 5.30
8 KHz 10. 71 6. 728 5.25 15. 714 9. 885 5.30
10 KHz 12 5.70 5.20 14 8. 944 5.25

Tabl e-14: Mean, S.D. and range of tone decay at different frequencie
in mles for the riaht ear.

W thout noise in the 60 dB SPL noise in the
contral at er al contral ateral ear
Frequen- Mean S. D Range Mean S. D Range
ci es
4 KHz 10 3.52 5.15 17.5 8.618 10. 35
6 KHz 15.6 6. 343 5.25 23.5 8. 434 10. 40
8 KHz 17.5 11. 649 5.35 30.6 11. 160 20. 50

10 KHz 14. 4 9. 797 5.35 23.8 9. 543 15. 35




Tabl e-15: Mean, S.D. and range of tone decay at different fre-

gquencies in nales for the left ear.

Wthout noise in the 60 dB SPL noise in the
contral ateral ear contral ateral ear
Frequency  Mean S. D Range Mean S. D Range
4 KHz 15 8. 017 5.30 18.6 8. 997 5.35
6 KHz 15 8. 864 5.30 25. 7 20. 163 5.50
8 KHz 21.4  10.926 5.40 42.2 17. 471 5. 60
10 KHz 20.7 11.473 5.35 44. 2 18. 389 5.50

Tabl e-16 shows Mean and S.D. of tone decay under the two
conditions (A& B) for the total conbined data (Data of [|ight

ear, left ear, nmale and femal e are conbi ned).

(Left and right ear conbined) in nmales and fenmal es are given

In tables-17 and 18 respectively.

Mean and S.D. of tone decay under the two conditions (A & B)
for the conbined data (Males end Fenal es conbined) in theright

ear and left ear are shows in tables-19 and 20 respectively.



Tabl e-16: Mean and S.D. tone decay

for conbi ned dat a.

at different frequencies

Wthout noise in the

60 dB SPL noise in the

contral ateral ear contral ateral ear.

Fr equenci es Mean S. D Mean S. D

4 KHz 11. 833 7. 007 14. 660 7.535

6 KHz 15. 166 9. 955 21. 666 13. 086

8 KHz 17. 666 10. 462 27. 833 15. 518

10 KHz 15. 926 11. 269 24. 4 12. 609
Tabl e-17: Mean and S.D. of tone decay at different frequencies

in females (right and left conbi ned)

Wthout noise in the

60 dB SPL noise in the

contral ateral ear contral atecal ear
Frequenci es Mean S. D Mean S.D
4 KHz 11. 3 7.43 11. 333 4.418
6 KHz 15 11. 952 17. 272 11. 098
8 KHz 16 8. 701 18. 421 10. 678
10 KHz 14. 185 11. 645 18. 387 9. 694




Tabl e-18: Mean and S.D. of tone decay at different frequencies

inmales (right and |eft conbi ned) under the 2 conditions

Wthout noise in the 60 dB SPL noise in the
contral ateral ear contral ateral ear
Fr equenci es Mean S.D Mean S.D
18
4 KHz 12. 33 6. 778 8. 618
6 KHz 15. 333 7. 898 22. 857 11. 259
8 KHz 18. 654 10. 715 28.571 14. 835
10 KHz 16. 333 9. 553 28. 929 13. 612

Tabl e-19: Mean and S.D. of tone decay at different frequencies in

the right ear (males and fenal es conbi ned)

Wthout noise in the 60 dB SPL noise in the
contral ateral ear contral ateral ear
Frequenci es Mean S. D Mean S. D
4 KHz 12. 742 7. 285 14. 062 7.576
6 KHz 13.773 8.198 21. 875 11. 086
8 KHz 13. 870 9.672 24. 375 11. 482

10 KHz 14. 752 9. 346 22. 666 8. 200




Tabl e-20: Mean and S.D. of tone decay at different frequencies

inthe left ear (nales and femal es conbi ned)

Wthout noise in the 60 dB SPL noise in the
contral ateral ear contral ateral ear

Fr equenci es Mean S. D Mean S.D

4 KHz 13. 928 9. 236 15. 357 7.712

6 KHz 16. 025 10. 648 18. 392 12. 40

8 KHz 16. 538 11. 794 21. 473 15. 544

10 KHz 16. 8 11. 075 25. 909 17. 002

D fference between the 2 conditions viz. A (wthout noise in
the contralateral ear) and B (60 dB SPL noise in contral atera
ear), was determned by conputing t values. The difference in
the left ear is presented in table-21 and it can be seen that in
the left ear of nales there was significant difference at 6 KHz at

0.05 level and at 8 KHz and 10 KHz at 0.05 and 0.01 | evel s.

The females in the left ear showed no significant difference

i n tone decay between the 2 conditions.

The difference in the right ear is presented in table-22 and
it can be seen that fenmal es showed significant difference at 0.05
|l evel at 6 KHz whereas in nales there was significant difference at

4 KHz, 6 KHz, 8 KHz and 10 KHz at 0.05 and 0.01 | evels.



The difference in the total

conbi ned data is presented in

table-23 and it can be seen that there is significant difference

at 6 KHz and 10 KHz at 0.05 | evel

| evel s.

and 8 KHz at 0.05 and Q QL

The difference in the two conditions (right and |eft

conbi ned)

Is given in tabl e-24,

fromwhich it can be seen that

femal es showed no significant difference, whereas nal es showed

significant difference in tone decay at 4 KHz and 10 KHz at 0.05

| evel

between the two conditi ons.

Tabl e-21: Difference in tone decay between the two conditions in

the left ear.

Fenal e Mal e
Level of Level of t Level of Level o
frequencies t signifi- signifi- signifi- signi fi
005 o Gor 605 o Gor
| evel | evel . | evel | evel
4 KHZ 0. 642 2.18 3.06 1. 480 2.18 3.06
6 KHz 0. 783 2.18 3.06 2.405* 2.18 3.06
8 KHz 2.072 2.18 3.06 4.935** 2.18 3.06
10 KHz 0.779 2.20 3.11 5.367** 2.20 3.11
* . Significant at 0.05 |evel

** : Significant at 0.05 and 0.01

| evel



Tabl e-22: Difference in tone decay between the two conditions
in the right ear.

Fr equen- T Level of Level of t Level of Level of
ci es. signifi- signifi- signifi- signifi-
cance at cance at cance at cance at
0.05 0.01 0.05 0.01
| evel . | evel . | evel | evel
4 KHz 1.198 2.14 2.98 4. 261** 2.14 2.98
6 Kz 2.671* 2.14 2.98 4. 246** 2.14 2.98
8 KHz 1.013 2.14 2.98 4. 549* * 2.14 2.98
10 KHz  1.726 2.18 3.06 3.889** 2.14 2.98

* Significant at 0.05 |evel
** gGgnificant at 0.05 and 0.01 | evel

Tabl e-23: Difference in tone decay between the two conditions in

conbi ned dat a.

Fr equen- t Level of significance Level of signifi-
cies at 0.05 |evel cance at 0.01
| evel
4 KHz 1. 565 2.00 2. 66
6 KHz 2.138* 2.00 2. 66
8 KHz 2.992** 2. 00 2. 66
10 KHz 2. 616* 2.01 2. 68

* Significant at 0.05 |evel
** Sgnificant at 0.01 |evel



Tabl e- 24:

D fference in tone decay between the 2 conditions in
the two ears (right and | eft conbi ned)

Fenal e Mal e
Fr equen- t Level of Level of t Level of Level of
cies signifi- signifi- signifi- signifi-
cance at cance at cance at cance at
0. 05 0.01 0.05 0.01
| evel | evel | evel | evel
4 KHa 0.013 2.05 2. 76 2. 06* 2. 05 2.76
6 KHz 0.53 2.05 2. 76 1.74 2. 05 2.76
8 KHz 0. 67 2.05 2. 76 1.83 2.05 2.76
10 KHz 1.00 2.07 2. 82 2. 639* 2. 05 2.76
* Significant at 0.05 |eve

** Sgnificant at 0.05 and 0.01 |evel.

Sex differences were also conputed by finding out t val ues

at individual frequencies (represented in table-25). It can be
seen that in the left ear there is significant difference at 0.05
and 0.01 level at 8 KHz and 0.05 level at 10 KHz in tone decay

bet ween nal es and f enal es.

In the right ear there was no significant difference in tone

decay between nmales and fenales at all the frequencies tested.

Tabl e- 26 represents t val ues which were conputed to see if

there is any ear difference at all the frequencies tested. It



can be seen that there is significant difference at 0.01

| evel between the right and the left ear with regard to tone

decay at 8 KHz in fenal es.

There was significant difference at 0.05 | evel between the
right and the left ears with regard to tone decay at 4 KHz and

10 KHz in nal es.

D fference between the frequencies 4 KHz, 6 KHz, 8 KHz and
10 KHz were conputed under the two conditions viz. A(w thout
noise in the contralateral ear) and B(60 dB SPL noise in the con-
tralateral ear) for the conbi ned data represented in table-27.
It can be seen that for condition.

between 4 KHz and 8 KHz.

A there was significant diffe-

rence at 0.05 |evel

For condition B, the frequency of the stimulus had signifi-

cant effect on the tone decay.

Tabl e-25: Sex difference in tone decay

Frequen- Left ear R ght ear
cies
t Level of Level of t Level of Level of
signifi- signifi- signifi- signifi-
cance at cance at cance at  cance at
0. 05 0.01 0.05 0.01
| evel | evel | evel | evel
4 KHz  0.556 2.18 3.06 0. 521 2.14 2.98
6 Kz 0.248 2.18 3.06 0. 009 2.14 2.98
8 KHz  4.124** 2.18 3.06 1. 262 2.14 2.98
10 KHz 2. 954* 2. 20 3.11 0. 385 2.16 3.01

* Significant at 0.05 |evel
** Significant at 0.05 and 0.01 | evel
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Studies on the hearing sensitivity of normal subjects for
hi gher frequencies 8 Kto 20 K (Fletcher et al 1967, Jacobson
et al 1969, Corlus et al 1970, Downs and Northern 1971,

Ost erhammel 1980) show that the hearing sensitivity differs

consi derably.

The hearing sensitivity of normals subjects did not differ
consi derable for frequencies 4 K, 6 KHz, 8 KHz, and 10 KHz in
this study. Also the anpbunt of tone decay of the normal hearing

subjects did not differ considerably.

It was also seen that the anount of tone decay was not

dependent on the hearing sensitivity.



SUMVARY AND CONCLUSI ON




SUMVARY AND CONCLUSI ON

The present study was undertaken to find norns for tone
decay at high frequencies viz 4 KHz, 6 KHz, 8 KHz and 10 KHz
i n nornmal hearing subjects. The study was al so designed to
find if there is any ear difference, sex difference, frequency
dependence or if noise in the contralateral ear affects tone

decay at high frequenci es.

A sanpl e conprising of 30 subjects with nornmal hearing
and an age range of 18 to 25 years (15 nmales and 15 fenal es)

was tested.

Pure tone thresholds at 500 Hz, 1 KHz, 2 KHz, 4 KHz, 6 KHz,
8 KHz and 10 KHz were established using Hughson Wést | ake proce-
dure. Tone decay was determned using Carharts Procedure (1957)
under two conditions viz. A (wthout noise in the contral atera

ear) and B (60 dB SPL noise in the contral ateral ear) for
frequencies 4 KHz, 6 KHz, 8 KHz and 10 KHz

The present study has reveal ed that the frequency of the
stimulus has significant effect on tone decay for the condition
B (60 dB SPL noise in the contralateral ear). A so significant
difference in tone decay for the condition. A (wthout noise in
the contralateral ear) at 0.05 level between 4 KHz and 8 KHz was

obser ved.



Wth regard to the question (does noise in the contral ateral
ear influence the results in any way? - it was found that there
was significant difference at 6 KHz and 10 KHz at 0.05 | evel and
8 KHz at 0.05 and 0.01 levels in tone decay between the two
conditions viz. A (no noise in the contralateral ear) and B( 60

dB SPL noise in the contral ateral ear).

Also it was observed that there was significant ear difference

at 0.01 level with regard to tone decay at 8 KHz in fenal es.

In mal es there was significant ear difference at 0.05 |evel

with regard to tone decay at 4 KHz and 10 KHz.

It was seen that in the left ear there was significant
difference at 0.05 and 0.01 level at 8 KHz and at 0.05 and 0.01
level at 8 KHz and at 0.05 level at 10 KHz in tone decay at high
frequenci es between nal es and fenal es whereas the right ear
showed no significant difference in tone decay between nal es and

f emal es.
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