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Chapter - |

| NTRODUCTI ON

Anmong all the Audiol ogical tests used by the Audi o-
| ogi sts, in Diagnostic Audiology, the 'Tone Decay Test'
(Concom tant nonaural adaptation) appears to assune a
great inportance for its sinplicity, accuracy and useful -
ness, hence it has been widely used with several nodifica-

tions by many investigators.

There are several nodifications available. The
different nodifications of Tone Decay Test are briefly

descri bed here.

Schubert Tone Decay Test:

It appears that Schubert (1944) was the first to
report the use of a conventional audioneter to neasure
tone decay. Here the case listens to neasure tone decay.
Here case listens to 5 dB SL tone until the tone di sappear
Thereafter, the intensity is raised without interrup-

tion in 5 dB steps till a plateau is reached.

Hood Tone Decay Test

Hood (1956) reported on a nore el aborate procedure.
After obtaining the subjects threshold of hearing, begin
the test by presenting the tone at a level 5 dB above
t hr eshol d. If the signal is not audible, allowa 60 sec

rest. Raise the intensity of the tone 5 dB and repeat



the procedure until an intensity is reached which produces

a sensati on of t one “indefinitely'.

Carhart Tone Decay Test

A tone decay test devel oped at Northwestern university
in 1954. was reported by Carhart in 1957. |Its purpose was

"to define a technique which could be conducted rapidly in

the typical office situation wth any standard audi oneter.

After establishing the threshold of hearing begin
the test with the sustained tone bel ow the established
threshold and then ascend in 5 dB steps wi thout interrup-
tion until the subject responds, if the tone is heard for
a full mnute, termnate the test. | f the subject indicates
that he no |onger hears the tone before the mnute criterion
is met, raise the intensity of the tone 5 dB wi t hout
interrupting the tone, set the stop watch back to zero, and
begin timng for a mnute again. Continue raising the
tone in 5 dB steps as indicated until an intensity is
reached that allows the subject to perceive the tone for a
full m nute.

Rosenberg One M nute Mdification of the Carhart Tone Decay
Test

Rosenberg (1958) proposed a shortened version of the
Carhart Tone Decay Test. Exploration for any given tone is
l[imted to a total of 60 sec. No record is kept of the
nunber of seconds the tone is audible at each intensity

level. At the end of a total of 60 seconds, the tone is
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turned off and the anpbunt of tone decay in dB is conputed.

G een Mdified Tone Decay Test ( MIDT )

In 1963, Green a nodified Tone Decay Test. The
subject is instructed to keep the arm perpendi cul ar when
he hears the tone lower it to 45 degree angle if the stimulus
| oses tonality but remains audible, and to lower his armto

the rest position if the sound becones conpl etely inaudible.

Sorensan Tone Decay Test

This was given by Sorensan in 1962. Instructions are
sane as in Carharts Tone Decay Test but he enployed a 90 sec

criterion for termnation of the test.

Modi fi ed Hood Tone Decay Test

Thi s was given by Omen, sane as Hood's Tone Decay Test,
but stop the test at the level where he hears the tone for
1 conplete mnute or at 20 dB SL though he will not hear

for our conplete mnute which ever conmes first

Jerger & Jerger - Supra threshold Adaptation Test

Working on the intriguing hypothesis that synptons of
abnormal tone decay first appeared only at the highest
testable sound intensities. Jerger & Jerger (1975) proposed
a sinplified supra threshold tone decay test. A conti nuous
500 Hz test tone at 110 dB SPL is presented in the test ear
with a white noi se masking the non test ear at 90 dB SPL.
Until the patient indicated that he no |onger hears the

tone, or until 60 seconds has el apsed whi chever cones first
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Al the above tests show that Pure tone hasx been used

for detecting Retrocochl ear pathol ogy.

It is awell established fact that positive Tone Decay
is usually observed in Retrocochl ear Pathol ogy cases, and
that early detection is crucial for treatment of such cases,
hence, Tone Decay Test can be used as an effective tool to
detect Retrocochl ear pathology at an early stage.

G inical experience shows that nost of the retrocochl ear
pat hol ogy cases experience tinnitus. In the presence of
tinnitus the results of Tone Decay Test will not be reliable.
Fal se positive tone decay or false negative tone decay results
are quite comon. Although Tone Decay Tests arevery. Useful
the subjects with Tinnitus pose a challenge to the Audiol ogists
and thereby the clinical utility of Tone Decay Test is restricted
I f the Audiol ogi st wants to expand the clinical useful ness of
Tone Decay Test to the patients with tinnitus, there is an
urgent need for a nodification of present Tone Decay tests

to overcone the challenge posed by the patient's tinnitus.

The only solution to this problem perhaps is to establish
normati ve data for Noi se Decay and also to have a conparitive
study of Tone Decay and Noi se Decay in pathol ogi cal cases.
Keeping this in view the present study was undertaken.

In the present study 20 nornal hearing subjects ( 20 dB
HL. ANSI 1969) wth the age range of 17 years to 25 years
served as subjects for the study. Carhart's Tone Decay Test
was admnistered to all the subjects at frequencies 500 Hz

1 KHz, 2 KHz and 4 KHz to both ears.
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Noi se Decay for Narrow Band Noi ses with different
centre frequency nanely 500 Hz, 1 KHz, 2 KHz and 4 KHz was
al so determ ned using Carhart's procedure.

Five sensori neural hearing |oss cases exhibiting
abnormal Tone Decay were tested, using Carhart's procedure
for conparative evaluation of Tone decay and Noi se decay.

The study was carried to verify the follow ng Nul

hypot heses;

1. There is no significant difference between Noi se decay
and Tone decay in sensorireural hearing |oss cases.
2. There is no significant difference between Noi se decay

and Tone dec y in normal hearing subjects ( 20 dB HL
ANSI 1969)

| npl i cation:

whenever patients experiencing tinnitus are to be
eval uated, Noi se decay test can be adm nistered instead of

Tone decay test

Limtation of the present study

It would have been better if nore nunber of hearing | oss
cases with abnormal tone decay were available for collecting

data in the present study.



CHAPTER- II

REVI EW OF LI TERATURE

The first reference to auditory adaptation in the
literature was by Gradenigo (1893). He ternmed this phenonena
"Functional Exhaustibility'. He reported that in acoustic
tumours, the patient responded to a normally vibrating
tuning fork only for a few seconds as the |oud tone di sappeared
qui ckly, i.e. tone decay occured.

Threshol d Tone decay may be defined as decrease in
threshold sensitivity resulting fromthe presence of a
barely audi bl e sound.

At the onset, it is inportant to differentiate Tone
Decay from ot her aspects of Adaptation.

Audi tory Adaptations is a conplex process. It refers
to any change in the functional state of the auditory system
and is mani fested in a nunber of ways.

Classically, the phenonena included under adaptation
could be distinguished in two different ways ( Ward, 1973)

a) Concomtant - (observed during exposure to the acoustic

stinmulus) or Residual (observed after exposure to the

acoustic stimulus)

b) Monoaural - (requiring One ear for its nmeasurenent) or
Bi naural - (requiring both ears for measurenent)

The literature on Tone Decay shows consi derabl e
variations in termnology which include auditory threshold
fatigue, tenporary threshold fatigue (Kos, 1955) abnornal
adaptations (Carhart, 1957), Pathologic relapse (Hood, 1956)
Tenporary threshold shift (Lierle & Reger, 1955), show



adaptation (Sorensan 1962), Tone Perversion (Parka, Decker
and Ri chords, 1968), Perstinulatory auditory adaptation (Palva,
1964) Threshol d drift (Harbert and Young, 1962) and
Pat hol ogi ¢ fatigue (Flottorp, 1963)

Following the 'classical classification' given above.

Tone dacay is a concomtant nonaural type of adaptation.

Differentiation of Tone Decay from simlar Phenonena:

Differentiation of Tone Decay from simlar phenonena
is done internms of recovery period and nmet hod of neasurenent.

Tone Decay and Fati gue;

The maj or distinction between the two is that fatigue
effects | ast longer and can be neasured after fatiguing
stimulus is discontinued. Effects of Tone Decay on the
ot her hand recover very rapidly.

Audi tory fatigue, when used without explicit definition
usually refers to tenporary threshold shift, TTS.

Measur ement of TTS; -

TTS is a residual nonaural phenonmenon and is neasured as
follows; A fatiguer is presented for atime T. Then the
test stinmulus of duration r is presented, at atinme t after
cessation of the TTS arousing stinmulus. The change in detection
threshold for the test stinulus, relative to the 'resting
(Pre-exposure) threshold in decibels is the threshold shift.

The duration of TTS is usually related nonotonically to the
intensity and duration of the fatiguer. The fatiguer may be
interrupted and the TTS may be found by finding the threshold

of a pure tone presented in the pauses (ultra short termTTS;
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Resi dual Masking) or may be of a noderate level i.e., below
85 dB SPI. In the latter, the TTS persists for a couple of
m nutes. Another property of TTSis that it increases with
exposure tine but by 1 mn. has essentially reached its maxi-
mum val ue. TTS sel dom exceeds 15 dB. Physiological fatique
however, reaches values of 30 dB & recovery here may take upto
16 hours. TTS may thus be long lasting. This is seen when
exposure to noise is present for several hours. This is
pat hol ogi cal fati gue. It is also acconpani ed by perceptua
changes in pitch. The affected ear heard the sound as
‘flatter' (lower in pitch) in a general sense.

Tone decay and Perstinulatory fatigue

Tone decay is often confused with perstinulatory fatigue.
Perstimul atory fatigue was the first aspect of auditory adarata-
tion to be descri bed. This confusion primarily exists
because of the assuption that the 'phenonenon is based primarily
on a reduction in loudness in the exposed ear' (Ward, 1973)

Dove denonstrated that if one ear were exposed to a tone
for sone tie, then introduction of the same tone simultaneously
into the other (control) ear, resulted in the perception of
atone only in the latter.

It is difficult to decide if the |oudness of the tones in
t he exposed ear decreased or if the characteristics of
the ear shifted so that ' a tone in that ear no |onger had the
sane | ateralizing power as at the beginning of the exposure,
(Ward 1973). It is thus difficult to decide if the phenonenon
is peripheral or central. A nunber of studies indicate that it
is probaly central

Flugel found that the two errs of a given observer often
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di spl ayed different degrees of asynptotic adaptation at a
gi ven frequency. He then argued that when the tone was
presented binaurally, the |oudness in the nore suscpetible
ear shoul d decrease. But no such shift occured, indicating
a conplicated central mechani sm

Mrabella et al (1967) asked the subjects to keep the
| oudness of a sustained tone constant and found that at 70 dB
SPL, the upward drift in 10 mns, was 3.5 dB and at 90 dB
there was a downward, drift, inplying that |oudness was
i ncreasi ng.

In the perstinulatory adaptation paradi gm however,
a 20 - 50 dB inbal ance is observed (Ward, 1973). Thi s
indicated that perstinulatory adaptati on appears only when
both ear are sinultaneously stimulated, and has nothing to do
with the adaptation of the cochlear receptors. Tone Decay
on the other hand is a nonaural phenonenon and is neasured with
nmonaural stimnulation under the follow ng conditions;-
1. The stimulus is a pure tone instead of a noi se. (irregu-
larity helps to mnimse growmh, Carterette, 1965)
2. The control ear is given a pulsed instead of a continuous
tone (this keeps the effect from dimnishging during the
process of the testing for it, Wight, 1960)
3. The adapting stimulus is continuous.
4. The instructions enphasi se nmedi an, pl ane bal ance rather than
"equal | oudnasss’ (3tocki nger and Studebaker 1968)
5. Wen the test subjects are adults, (children between the
ages of 7 to 15 years did not denponstrate nmuch adaptation

(Karjar, 1968)
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Thi s phenomenon was negatively correlated with TTS
(Tanner, 1955), but has not been reduplicat ed.

In terms of recovery from adaptation too, Tone Decay
differs from perstinmulatory adaptation.

"Threshold Tone Decay recovers within a few seconds
following the cessation of the signal. The recovery is too
fast to be classified as perstinulatory adaptation . . . '

(Sergeant and Harris, 1963).

Tone Decay and Fast Adaptation: -

Sergeant and Harris 1963 classified tone decay as a
"Uni que category' of adaptation based on the threshold of
recovery. They said that the recovery of Tone Decay follow ng
cessation of stimulus was slower than that the of fast adaptatio

Fast adaptation has a brief onset (300 m secs or |ess )
and recovery of and its locus which is the hair cells, as well
as its insensitivity to cunul ative effects. It is measured
with clicks and is a function of inter-click interval.

Thus, the inconsistencies in term nology can be rul ed
out by differentiating between

(a) the nethod of measurement of the pheonomenon and the

t he conventional method used to nmeasure tone decay

(b) the threshold recovery peri od.

As has been mentioned earlier. Tone decay can be neasured
at both threshold & supre, threshold |evel. Threshold tone
decay appears as the decrease in threshold sensitivity resulting
frompresence of a barely audicel sound, supra threshold tone
decay is a decrease in threshold resulting from a sound well
above the threshol d.

In this project, it is the threshold tone decay which
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Tone decay neasurenents are usually nade with a
conventional pure tone audioneter and can be applied to any
avai |l abl e frequency. The quantity of tone decay is expressed
as the difference between the initial threshold and the threshold
at which the test is term nated. This differenceis
expressed in dB.

The net hods of neasure ent of Tone decay are based
on the early observati ons made by nmany investigators.

After the discovery of this phenonenon, several other
di scoveries were made. In 1890, Corradi denonstrated that
Tone decay occurs in Bone conduction. Cradeni go (1893)
observed that patients with acoustic tunours responded to a '
maxi mally vibrating tuning fork for only a few seconds.

Dunl op reported the off-effect noted in Tone decay tests.
His subjects listened to a sound emtted by tel ephone receiver
at threshold intensity. Their task was to indicate when the
signal was absent. Dunl op reported that al nost half of the
subj ect reported it to be inaudi bel)

Conflicting results were also reported.

Schafer (1905) noted that not everyone experiences
tone decay, even at higher frequencies. He coul d hear Lord
Rayl eigh's bird call indefinitely.

Phase (1906) found no consistent difference between
normal and persons with m ddl e ear pathol ogy. Simlarly
Bl eyl (1921) found no difference between persons with nornal
heari ng, conductive | osses, perceptive |osses and m scell aneo s

Research on tone decay cane to a standstill after these

early reports.
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Then in 1944, K. Schubert, used a conventi onal
audi oneter to nmeasure tone decay. Thi s procedure he used
was as foll ows;

The patient was allowed to listen to a tone at 5 dB SL
until it disappeared. Thereafter, the intensity was raised
in 5 dB steps without interruption until a plateau was reached
or the mximumlimt of the audioneter. He found that for
normal ears of young people (under 30 years) there was no
effect at frequencies below 1 KHz. At higher frequecies, slight
effects were seen.

In individuals with inner ear deafness, the effect was
grossly exagger at ed.

Hood (1956) reported a nore el aborate procedure. The
subj ects threshold of hearing for an interrupted tone was
obtai ned and the subject was instructed to raise a finger as
long as he hears the tone and to lower it if it faded into
inaudi bility.

The test was begun at 5 dB above the threshold. Wen the
tone was reported to be inaudible, a 60 second rest period was
given and the intensity of the tone raised by 5 dB and the
procedure continued until a tons was heard indefinitely.

It was not until 1957, that a formal clinical test was
devel oped to neasure tone decay.

This test is conducted to nunber of steps.

1. The subjects threshold of hearing is obtained for an
in an interrupted tone.
2. The subject is instructed to raise his finger as long as
he hears and to lower it if tne signal fades intoi inaudibility.

3. The test is begun with a sustained tone, belowthe
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the established threshold and ascend in 5 dB steps wi thout
interruptions until the subject responds.
4. As ssoon as the subject responds, timng is begun with a
stop wat ch. If the tone is heard for a full mnute, the
test is term nated.
5. If the subject indicates that he no |onger hears the
intensity of the stop watch tone is raised by 5 dB w thout
interrupting it and the watch set ,backto zero to begin timng
for a mnute again. Arecord is kept of the nunmber of seco ds,
the tone is audible at each intensity.
6. The test is continued until the tone is heard for one
m nut e. The test is termnated at 30 dB SL and even if the
tone is not perceived for one full m nute.

Most testers using the Carhart procedure, begin the test
at thres old or at 5 dB a ove the threshold.

This test served as a base for a nunber of other tests.

O sen & Nof fsinger (1974) suggested beginning the test at
20 dB SL. The;; also stressed t e inportance of requiring a
response to 'tonality' as opposed to response to (any sound)
during tone decay testi g.

This 20 dL SL tecniques was as sensitive as Carhart's
procedure in identifying excessive tone decay. Carhart's nethod
was shortened by Rosenberg (1958). He limted the exploration
given to any giver tone to 60 seconds. The threshold was
found simlarly and the instructions were simlar. If the
subject indicated t at he no longer heard the tone, intensity
was raised 5 dB without interrupting stinulus, or stopping watch

This was continued and at end of a total of 60 seconds, tone
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was turned off and the anmpunt of decay in dB is conputed.

In 1963, Geen rodified instructions given with the
shortened 1 mnute version of the Carl-art test. He noticed that
some patients with retro-cochlear |esions experienced a | oss of
tonality before the loss of audibility on the tone decay test.

The patient is seated in an armchair and told to maintain
el bow contact with armrest while he signals. [f the stinulus
| osses tonality, but is audible he is trained to |ower his
armto a 45 degree angle and to lower his armto rest position
if the sound becones in audible. The patient is cautioned
agai nst adjusting the earphones or chewing while the test is in
progress, since the slightest interruption in continuity of the
stimulus can inpair test relaibility. A response to perception
of tone is felt to enhance the sensitivity of test.

This change in quality of the tone has been called tone
perversion by parker et al (1968) and a nunber of other
i nvestigators. Jerger and Jerger worked on the hypothesis that
the synptons of abnormal tone decay first appear only at the
hi ghest testable sound intensities. In 1975, they proposed
the supra threshold adaptation test (STAT) . The test frequency
are 500, 1K 2K in that order.

The subject is instructed to rignal as long as he hears
the sound in the test ear. The non test ear is masked with
white noise at 90 dB SPL

The test tone is presented at 110 dB SPL until the patient
indicated that he no |onger hears the tone or 60 secs have
el apsed (which ever cones first). The test is scored - ve
if he hears it for 60 secs but +ve ot herw se. To ensure that

he has understood the task, a pulsed tone is given at sane |eve
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I f he responds, he is responding to the test in a relaible
manner. The 110 dB SPL are roughly 100 dB HL at 500 Hz and
2 KHz and 105 dE HL at 1 KHz

Owens (1964) nodified the Hood tecnique, incorporating
a 20 sec rest period between stinulus presentations. He
provi ded both tre amount of tone decay upto 20 dB SL and the
pattern in seconds, at succeeding |evels for categorzation
into normal, cochlear and retro cochl ear types.

The tone decay patterns he obtained are given bel ow,

patterns of Decay
Level s above
t hreshol d Type | Type |1 Type 11

A B C D E

dB
6 60 25 7 1215 5 14
10 60 34 26 23 14 16
15 60 40 30 18 12
20 60 39 21 14

The nunber in the table represent the seconds of tine
tone was heard at intensity level irdicated be ore fading
to inaudibility.

Q her variations were reported by Sorenson 1962 who
used a 90 sec criterion for termnating test and confined
his test to a single frepuency - 2KHz.

These are the conventional rethods of neasuring tone
Decay. Despite their w de spread use, systens of

classification are few.
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Rosenberg 1968 devised a gradation based on the nunber of
dB of tone decay resulting from application of his procedure.
0O to5dB - Nor mal 20 - 25 dB Mbderate.
1C to 15 dB - MId 30 to or nore marked.

The type | category of Owens is considered normal.
Nunber of authors agree that 5 to 10 dB of tone decay is seen
in normals, Jerger and Jerger 1975 state that tone decay as
high as 15 to 20 dB is sonetinmes seen even in normals.
I nthe pat hol ogi cal grour, Owens found that Types | and
Il are characteristic of Meniere' d disease and type 111
characteristic of a cranial nerve VIII |esion. Types |
Il and 11l he said could be correlated to Pekesy audi ograns.
Moral es - Gracia and Hood, 1972, used a 4 type classifica-
tions system based on Carhart tone decay test results Type
| was normal mninmal and did not exceeed 15 dB.
Type Il slightly greater tone decay.
Type |11 Mre that 20 dB at 500 Hz, at 25 1 KHz, 30 at 2KHz
and 35 at 4KHz.
Type IV simlar to type Il1l, but nore rapid in decay.
There is no standard system of classification, but
mar ked tone decay is characteristically found in patients with
retrocochl ear | esions. The dat a does not provide nmuch
i nformati on about the pheonnmenon in the normals. Due to the
paucity of literature available, the investigator has been
forced to supplenent information known about nornmals and

wi th that gathereed from pathol ogi cal cases.
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Mechani sm of Tone decay: -

Tone decay is a normal pheononenon. The mechani sm of
tone decay is not exactly known, but nany specul ators have been
made. Al'l these specul ations are based nostly on studies on
pat hol ogi cal groups.

Mar ked decay was found in patients with retro cochl ear
pat hol ogy; Abnormal tone decay can be caused by neura
degeration, inflammtion, trauma, as well as space occupyi ng
| esions like tunors which press against VIII nerve.

The etiol ogies that can nani fest tone decay are acoustic
primary tumour, chol esteatonma, neningoma (Johnson, 1966) therma
injury to nerve VIl (Harbert and Young, 1962), Miltiple
scel erosi s, nmunps, neuritis, Von Recklinghausen's disease
acquired genetic deaf ness, Ranmsay Hunt syndrome, intra crania
aneurysr, head trauma, (Harbert and Young) Pineal oma (Kos 1955)
Nerve | X Neuroma (Naunton et al 1968) Cerebellar atrophy
(MIller and Daly, 1967) Extra axial brain stem | esion
(Jergar and Jerger, 1974)

Reversi bl e tone decay has been described in nerve VII
neuritis, multiple scelerosis, pineacoma and cerebel |l ar atrophy
or cerebellar tunmour (Stroud and Thal amann, 1969). Such a wi de
array of etiologies causing abnornmal tone decay has caused a
nunber of specul ations about the mechani sm and | ocus of the
tone decay.

Mechani sm of Tone Decay in pathol ogi cal ears; -

Tone decay is associated with both decrease in |oudness

as well as a change in tonality. Any therapy about nechani sm
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of tone decay must explain both those factors.

The underlying physiol ogical correlate the tone decay
is generally assuned to be an absence of neural elenments to
fire continuously.

They first normally at the onset of a tone or in response
to a sudden change in level, but if the level is sustained, then
activity ceases.

This initial burst of auditory excitation or On effect is
foll owed by adaptation, i.e. progr essive reduction in
excitation to sustained stimulation was observed in nunber of
cases. Hallpike and Hood 1951) enphasised this on effect,
this is analogous to the Wedensky inhibition of peripheral
nerves. It was found that if a short stretch of nerve was
partially narcotized, the first inpulse of a series of a entire
series of inmpulses would pass through, successfully, but a
rapi d sequence would fall after the first inpulse or first few
i mpul ses.

Davi s (1962} based his hypothesis on this phenonenon. He
said that Wedenshy's narcotically induced block was simlar to
the partial dysfunction of a |arge nunber of nerve fibres from
a retro cochlear |esion. The gradual slow ng of recovery and
failure of conplete rec very during continued stimulation would
cause 'programme failure of nore and nore of the inpaired fibres

Thi s nodel accounst for the sinultaneous |oss of tonality
and audibility.

Anot her condition exists in wich the fatiguing signal |oses
tonality but not audibility. It is postulated that there is
| ess inpairment of function when tonality but not audibility is

| ost.
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This statenent is borne out by sone observation on a case
wi th sudden deafness with conplete recovery. Har bert and Young
1964 found that while the patient began to recover, tone decay
tests with subjects responding to any sound, showed, a reduction
in anmount of tone decay, but when instructed to respond to
tonality, little inprovenent was seen until further recovery
t ook pl ace.

Thi s phenonenon may be explained fromthe travelling wave:
and Vol ley theories (Gee, 1978) If the place of maximal stinula
tion on basilar nmenbrane and adjacent areas is 'served by a
| arge nunber of defective fibres, the stinmulating tone will fai
to be sustained and the adjacent areas to which signal spreads,
will exhibit a lack of tine and so audibility but not tonality
woul d be ppreserved.

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

This effect is due to the neural off fibres found in
the vertebrates ears and eyes, which are activated when sound
or illumnation ceases. (Harbert and Young, 1962)

This is the mechani smof tone decay in pathol ogical ears;
what then is the nmechanismin nornmal ears? For, tore decay
is seen in normals also but to a certain extent.

Tone Decay in Nornmal Ears;

It cannot be denied, that what is seen in pathol ogical
ears, probably exists in normal ears in a different degree,
pat hol ogi es, as has bean found earlier, often help to

determ ne the nornmal function.
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To understand what happens in tone decay, a parallel nmay
be drawn between tone decay and the di sappearance of a steadily
fixed visual target. If the target stinulated precisely the
sane area of the retina at all tines by what ever nmeans, then,
after a few seconds, the target di sappears.

Matthew s (1931) work denonstrates this effects clearly.
He found that w.en a stimulus is applied to ear and end organ
the Action potential response consists of an initial high freqg-
uency di scharge known as on effect. The duration of this initia
burst of inpulses is brief, in the order of 0-2 seconds, and
is followed by a slowdecline in the discharge frequency with
tinme. This decline is independent of intensity of the stinulus
and can thus occur at either threshold or supra threshold |evels.

Tone Decay and Threshol d:

Hood noticed that a tone presented to |low or near threshold
intensity decayed, but with higher intensities, the persistence of
sensation is indefinite.

Thi s suggests that the auditory systemrequires a certain
| evel of stipulation to maintain its response at onel evel,

i ndefinitely. This level is the sanme, regardl ess of whether
the tone is initially presented at threshold or at any other
val ue. (olsen and Noffsinger, 1974).

This may be as in pathologies of VIII nerve, where a certain
nunber of the fibres are under continuous stimulation and may be
in an absolutely refractory stare. (Sung, et al 1967)

These fibres probably respond to low intensity. As the
intensity increased, fibres whic required a higher |evel of

intensity were brought into action and since were |arger in
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nunber woul d then sustain the perception. This critical
level of intensity were brought into action and since were
| evel of stinulus above the threshold of it is what is found
when the Tone Decay tests are adm ni stered. In normals it has
beeen found that at a level 5 to 10 dB above threshold, a tone
is sustained for one mnute at |east. (WIIlefored, 1960
and ot hers). This indicates that duration for which a tone
is sustained at threshold |evel increases very rapidly for
every dec' bel increase of presentation upto this critical
point, i.e. 5to 10 dB SL generally.

Thus, the accuracy with which the hearing threshold is
established wll affect the result, (Langenbeck 19 )

Thus, the nost common index of adaptation is tinme, and in
the tone decay tests, the tinme for normalcy, (upto a certain
sensation | evel of presentation of course) is fixed to 60
seconds. Beyond 30 dB SL, decay is pathol ogical .

It would be interesting to findout, how long the auditory
system can sustain the sensation of hearing at threshold
| evel . Tone decay was found to increase with threshold
(Morales Garcia and Hood, 1972)

Tone Decay and the SPL of the_test tone in Sensori-neural and

and conductive hearing |oss:

In 1971, Doehring and Swi sher, studied the relation of
tone decay as a function of the SPL, of the test tone in SN
| oss. They found that Tone decay, tended to increase wth
i ncreasing threshold | evel whenboth Rosenberg test and Bekesy
audi onetry were used, at all frequencies. The tendency of

tone decay to increase as the threshold increased to 80 dB



22
confirmse Onen's finding that tone decay sel dom occurs with
threshol d | evels bel ow 35 dB for frequencies below 2 KHz. This
relation does not hold good in conductive |o0ss. Sor enson found
essentially no tone decay present in persons with conductive | oss.

It is agreed that persons with sensori-neural loss that is
cochle r, do exhibit sone decay, that is a little nore than
normals, but this is stabilised with increasing sensation
| evel s, Eg. Meniere's Disease.

At 20 to 30 dB SL, persons with cochlear |oss perceived a
tone indefinitely (Hood) Types | and Il categories as described
by Onvens (1964) are characteristic of Meniere's disease.

Rosenberg (1967) indicated that mld to noderate |evels of
tone decay were seen in pathology involving the organ of corti,
but marked tone decay, alrost always indicated retrocochl ear
pat hol ogy.

Tone Decay and Frequency;

Avai |l abl e data on normal ears show a definite frequency
effect. Carles Mirale Garcia and J.D. Hood 1972 found no tone
decay was markable at the test frequency 500 Hz. At the test
frequency 1 KHz. 10 out of 41 ears had a slight threshold shift
of 5 dB, at KHz, 2KHz and between hearing |evels and the anount
of tone decay, it was found that at 4 KHz, the proportion of ears
with sone delay clearly exhibited increased threshol ds. [t may
t hus be concl uded that tone decay was no greater than 5 dB
at 500 Hz and 1 KHz and no nore than 10 and 15 dB at 2 KHz and
4 KHz. The nmagnitude of tone decay increased with frequency,
but one nust not forget the additional factor of hearing

t hreshol d i nvol ved.
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The frequency effect is nore clear in pathol ogi cal ears.
CGenerally, tone decay in retrocochlenr pathology is marked in the
hi gher frequenci es. This, however, is due to the organisation
of nerves in the auditory nerve, with fibres, fromthe base of.
the cochlea on the outside and entering the cochlea in the noral

position (Neff at al)

Doehring and Swi sher (1971) also report that higher tone
decay was seen at 4 KHz and on the nodified Rosenberg, as
conpared to other frequencies.

Tone decay, was snaller for 500 Hz at hearing threshold
| evel s below 60 dB and their increased to the |evel of other
frequenci es above 70 dB. They report no difference between
2 KHz and 4 KHz at any threshold | evel.

Owens found that tone decay seldom occurs for frequencies
bel ow 2 KHz and when thresholds are below 35 dB. Katinsky et al
(1972) Silman et al (1978) report a simlar effect. Low
frequencies are rarely affected. | mpai rnment in the pons or
hi gher |levels nay cause a pronounced decay at aone frequency
(Mrales - Gracia and Hood 1972).

Tone Decay and Maski ng;

Contra lateral masking influences the neasurenent of tone
decay. Shimzu 1969 neasured tone decay at 500 Hz, 1000 Hz,
2000 Us in 11 normal hearing subjects and in 34 with noderate
uni l ateral conductive loss with 40 dB SL of contra lateral masing
a level |ow enough to avoid over masking, there was an incesase
in tone decay. At 2 KHz wi thout nmasking, only 7%of subjects
had 10 dB of tone decay, but with masking 77 %had 10 to 40 dB

of tone decay.
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One patient with unilateral sensori neural |oss, showed
10 dB of tone decay at 1 KHz without masking. Wth 40 dB SL
Noise in the contra lateral ear, there was 30 dB tone decay and
with 60 dB SL, there was 50 dB of decay.

Snashal | (1974), Blengal 1972 also report that contra |atera
noi se affects tracing with contra lateral noise and this was
frequency dependent. -

Snashal | reports that greatest masking effect was seen
on Carhart's tone decay test. 10% of normals showed | ess
tone decay on Omen's test and 20 % showed | ess decay with
Bekesy. He found however, that adaption tests at 20 dB
SL showed simlar effects to noise at the other |evels. Si nce
these | evals of masking were not high enought to cause over
maski ng, central factor was attributed as cause for this effect.

The effect of nasking on tone decay cannot be ignored.

Interaction of Tone Decay with special Tests;

Tone Decay and Bekesy;

The nopst obvi ous nanifestation of tone decay is in Bekesy
audi onetry, when the test tone is continuous. This effect is seen
in both fixed frequency and sweep frequency tracings. Fi xed
frequency is nore sensitive. Reger and Kos 1952 noted that
the indicated threshold gradually shifted to a higher and
hi gher intensity.

The magni tude of tone decay is dependent on stimulus
par amet ers. Attenuators with step sises of 1 ard or 2 dB
bring about the on effect. Tone decay is nanifested in type 111l

and type 1V Bekesy tracings.
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The Critical off tine is very-imrportant. Harbert and Young

1962 showed that for an interrupted tone, the Bekesy tracings
are sharply dependent on the off-tine. Wth decreased off
time the thresholds increased and the tracings were simlar to
the traci ngs obtained for continuous tone. Jerger and Jerger
1966 report critical off times ranging from 200 m secs to 40 m sec

Dall os and Tillman 1966 found that frequency nodul ation wth
a slow nodul ation rate (less than 10 per second) and a
frequency range of 40 Hz was needed to prevent tone decay in
the continuous tracing at 500 Hz. Bekesy audi onetry however,
is not very sensitive to abnormal tone decay.

Tone decay and Difference Linen,

Plath 1973 believes that the difference linmen for intensity
is an indicator for adaptation and fatigue in the auditory
function. He believes that with the SISI test, adaptationa
charges of hearing are al so neasured. This is evidenced by
the fact that the 6 th and 20 th increnments are heard often than
the first 5 increnments. He justifies this assunption on the
fact that adaptation of the sensory cells of corti occurs in
mlliseconds. Thus, the described adaptation time of 30 seconds
of tone stinulation, forintensity DL nmust be influenced by a

nore central adaptation process, with a |onger tine constant.

Jerger 1955 reports high SISl scores in a patient with
retrocochl ear pathol ogy. Because of the decay of carrier
tone, the 1 dB increnent pips, appearto enmerge from sil ence.

The 5 sec interval between the pips, allows or sufficient

recovery to take pl ace.
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Even cars exhibiting noderate tone decay, 20 dB either with

cochlear or retrocochl ear pathol ogy, exhibit this phenonenon
Hughes 1968. This effect is possibly be denpnstrated in norma
if the contralateral ear is masked.

Tone Decay and ABLB

Masked tone decay inpairs |oudness growh with increasing
intensity |oudnoss growth, that is less than normal is terned
decri nment. (Fow er, 1965) or reverse recruitnment (D x and
Hal | pi ke, 1960)

Tone Decay and Acoustic Refl ex;

Tone decay is associated with elevated reflexes as well as
abnormal refl ex decay.

Tone Decay and Wrd Discrimration;

Since many fibres are needed for the effective transm ssion
of speech signals, nmarked tone decay often affects speech
di scrim nati on. Thus, word discrimnation is nuch worse than
the pure tone threshol ds indicate.

Patients fitted with hearing aid, may conplain that the
hearing aid losses its clarity after using it for sone tine.
After resting for several hours the hearing may again seem cl ear.
(CGol dberg, 1964). This also affects |anguage devel opnent
significantly. (Costello and M Cee, 1976)

Tone Decay and ERA:

Retro cochl ear |esion causes longer |atency and smaller
anplitude in the acorstically |ooked response, (Schinnizu,
1968). This may be due to the fact that the passage of
nerve inpul ses was disturbed by pressure on or destruction of
the 8th nerve.

Tone Decay - Decay or Peripheral:
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Through much is known about tone decay, there are nmany gaps in
our know edge of the phenonenon that are yet to be filled in.'
For instance, the question, whether the tone decay is a centra
or. peripheral phenonmenon has often plagued audi ol ogi sts.

The wi de range of etiologies that cause tone decay to be
mani fested, only added to the corviction that tone decay is a
conmpl ex process. Most studies inplicate the 8the nerve as a
| ocus of tone decay, but other factors point to higher centres
in the auditory system

Peri pheral factors in Tore Decay;

Sorensen observed a per stimulatory and post-stimulatory
depression of the activity of the VIII nervar after |ow
intensity stinmulation. Har bert and Young observed t hat
abnormal ly rapid threshold tone decay was related primarily to
| esions affecting dendrites and slower decay was related to
wi despread, partial danage to axons.

They thus hypot hesise that threshold tone decay results
from ionic changes in interstitial fluids affecting conductivity
of dendritees.

This hypothesis my be further explained in terns of the
critical off time. Jerger and Jerger found that the patients
with VII1 nerve pathology, for an interrupted tonethe threshold is
sharply dependent on the off tinme. As critical off tine is
decreased, the results becane indistinguishable fromthe
i ndicated threshold for a continuous tone. Jerger and Jerger
related this to a specific and apparently critical rest period

bet ween successive stinuli. This rest per.'od between successive
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stimuli may be called the refractory period; a polarised
neuron, excited fires a series of inpulses. Once it has
fired, a neuron is depolarised so that it returns to its resting
stage (The firing of the neuron charges the chem cal environnent
in and around the neuron making it no |onger pol arised)

Once the neuron is depolarised, it reaches a state of
exhuastion called the refractory period. The refractory period
may be differentiated into two stages.

Absol ute Refractory Peri od:

During this nerve cannot be excited and si cethere is an
exchange of ions in and out of the cell and

Rel ative Refractory Period:

During which the cell nenbrane goes back to its resting
state and the neuron is capable of being excited but only with
i ntense stimnulation.

Lesions affecting the dentrite or the 8th nerve would
naturally affect refractory period. Kupper man 1971 hold t hat
adaptation results fromthe hyper polarisation of nerve fibre
menbr ane.

Central Factors in Tone Decay;,

Yet experinental evidence points to other factors which
wholly or partly influence tone decay.
Her nandez- peon et al de onstrated marked adaptation in the
el ectrical potentials recorded fromthe nore central pathways
i.e.the Dorsal cochlear nucleus.
Gal anbos 1951 and Pfalz 1964 showed that tie effecent
cochl ear bundle controls input comng fromear, reducing it by

varyi ng anounts.
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Lei bratndt 1965 denonstrated that procai ne hydrochl ori de when
injected into internal acoustic neatus bl ocked the efferent
bundl e and this resulted in |ess adaptation.

Hahn and De Mchelis 1960 investigated the length of tine
a tore at or near threshold intensity could be heard. They found
that a simultaneous intermttent |ight markedly reduced the
period of audibility. They concluded that tone decay is not
excl usively a peripheral phenonmenon. They suggested that
Rasmussen's efferent tract plays an inportant role by inhibiting
VI11 nerve but do notstate how it is activated by |ight.

They thus opine that the efferent neural system s influence
on adaptation is unlikely . The affect of masking on tone decay
also inplicated a central factor. Wth each scantly data,
it is difficult to speculate where tone decay |ies. Adding to
the confusion is the wide variety of |esions that can manifest
abnornmal tone decay, from the VIII nerve to the cerebellumto
even the cortex.

Mencher and Rupp 1969 found that there was a slight
suggestion of tone decay in 4 out of 10 unilateral brain
danmaged persons at 2 KHz. They attribute this to poor perception
in the ear's contra lateral to |esion.

The need for Research;

Marked tone decay is not always manifestedin the pathol ogies
descri bed. Johnson 1965 is thus of the opinion that while
positive tone decay indicates a strong probability of
retrocochl ear pathol ogy, absence of it does not always rule

out the possibilites of such a lession. He found that 46 %
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of 110 cases of surgically confirmed retrocochlear |esions
had inconsistent results. He attributed this inconsistency
to differences in tumour size, but it indicates that our
testsaare not sensitive enought to indicate the sites of
| esi on. Brand and Rosenberg 1964 believe that 'bizarre
findings' in cases of acoustic neuroma indicate 'weakness'
in many of tests and feel that in the diagnosis, a team
approach was useful.

It has been found that Tone Decay is sensitive to
procedural differences. Tests which e ploy long periods of
sound stimulation like Carhart's Tone Decay test are relaible
because they afford maxi mum opportunity to obtain positive
results (Mercher and Rupp, 1969)

Obvi ously, our tests need to be modified, but this
cannot be done without more knowl edge as to thenatures of
Tone Decay.

Avail abl e evidencepoints out to the fact that Tone Decay
i sgoverned by a conmplex process or a series of processes
which may be situated at various levels in the auditory system

In the last few years, practically no work has been done
or this phenomenon and much investigation is needed so that
we may have a more thorough know edge about the |ocus

and mechani sm of Tone Decay.
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METHODOLOGY

Subj ects: -

20 normal subjects with age range of 17 to 23 years
of whom 12 were females and 3 males. All the above subjects
war e under graduates in the field of speech pathol ogy and
audi ol ogy. These subjects had no history of ear aches or
any other conpliant. Al had normal ear structures
otol ogically and normal hearing audiologically ( 20 dB HL

ANSI . 1969 )

5 subjects ( 4F + 1IM) with age range of 13 to 48 years,
havi ng abnormal tone decay were also tested in the present
study.

Equi pnent ; -

A dual channel diagnostic audioneter Maico MA - 22
with TDH 39 earphones placed in MX - 41 AR cushi ons, was
used for testing. Using this audioneter, it was possible to
test the frequencies from 125 Hz to 8000 Hz. Hearing |evel
range from-10 to 110 dB HL for puretones and, -5 to 105 dB

HL for narrow band noi se.

Narrow Band Noi se Specifications: Filtered white noise

(equal energy per cycle noise); Mxinmmlevel was 105 dB 3BV

Band wi dt h dependent on frequency setting of the audioneter.
An Onega Stop Watch was used to record the duration

for which a tone or Narrow Band Noi se was heard, for full

one ni nut e.
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CONTROLS - MAI CO VA 22.

Power 6. Stimulus (Interrupter)
Frequency. 7. Channel one - 10 dB.
Channel one (Hearing level cortrol). 8. Tone

Channel two (Hearing Level control), 9. Mc.

Qut put (Left phone, Right phone, Bone) 10. Tape A

oo w e

CHANNEL ONE MODE PUSH BUTTON

11. Warbl e. 14. Cont (continuous).
12. Pul se. 15. Al t (Al'ternate).
13. Normoff - Nor m on. 16 Sim ( Si mul t aneous).

CHANNEL TWO | NPUT PUSH BUTTONS

17. Narrow Noi se.

18. Wi te Noi se.

19. Speech Noi se.

20. Tape B

21. Channel 1.

22. Channel 1 & 2 nonitor & VU adj ust.
23. Channel 1 on.

24. Patient Response.

25. Tal k rack gai n.

26. Monitor gain.

27. Tal k over gain.

28. Vol unme control. (Tape or Mc)
29. Vol une control Tape B.

30. Tal k over swtch

31. Vernier.
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Cali bration Procedure Used: -

The audioneter used in this study was cali brated
periodically during the study according to the guidelines
given by Wl ber (1978). The exact procedure was:

The audi ometer Maico MA - 22 was turned 'on' and was

allowed to warmup. The Sound Level Meter (B & K 2203)

was set to the follow ng settings. The neter switch was
turned to 'external filter' and to 'slow. The weighting
switch was in the "off' position. The signal ear phone

(TDH 39 with MX 41- AR cushions) of the audi oneter was
removed fron the head band and was placed over the coupler
of the artificial ear (B & Ktype 4152) Condenser

M crophone of one inch B & Ktype 4145 was used. The ear
phone was held in place by nmeans of a tension of the
artificial ear and it was adjusted to 0.5 Kg of weight.
After initial placenment of the earphone on the coupler, a

| ow frequency tone (250 Hz) was introduced and the ear phone
was readjusted until the Sound Level Meter needle read the
hi ghest intensity. This is said to ensure best placenent

according to Wlder (1978). The frequency selector of the

audi onreter was set to 500 Hz. The Cctave Filter (B & K 1630)
of the Sound Level Meter was set to 500 Hz. The intensity
dial was set to 60 dB HL for the frequency chosen. The

readi ng on the Sound Level Meter was noted. Simlarly

ot her frequencies (1KHz, 2KHz and 4KHz) was checked. The

ear phone output levels were found to be within the perm ssible

limts (ANSI 1969).
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To check the linearity of the attenuator of the
audi oneter, a simlar set up was used. The range finder
was set to 120 dB. The intensity dial was sat at maxi num
and the output of the Sound Level Meter was noted. The
intensity dial was dropped in 5 dB stops and the reading
on the Sound Level Meter showed that the audioneter

linearity satisfactory.

The earphone output l|evel for narrow band noi ses at
different centre frequencies were checked in the sane way
as pure tone, the only difference being, instead of pure
tones narrow band noi ses were introduced and the hearing
| evel dial was adjusted to 85 dB HL to avoid interference
from extraneous noi se. The Sound Level Meter was set
to centre frequencies nanely 500 Hz, 1000 Hz, 2000 Hz and
4000 Hz respectively, in accordance with that of the audio-
nmeter's settings. The reading on the Sound Level Meter
was W thin expected |evels.

The band wi dth of narrow band noi se at different
centre frequencies Viz. 500, 1000, 2000 and 4000 Hz were
checked. The bl ock diagramof the instrunents used for
checking the band wwdth is shown in Fig 3.

The signal fromthe Pre-anplifier B & Ktype 2619 was
the input signal for the Audio Frequency Analyser B & K type
2107. The Frequency Anal yser drove the' Gaphic Level Recorder
B & Ktype 2305 by neans of a shaft B & K type 0041 UT and
the signal was fedfromthe frequency analyser to the G apbic

Level Recorder.
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The audioneter's frequency dial was set to 50 Hz and
signal was narrow band noise, intensity dial reading was
set at 80 dB HL. The Frequency Anal yser was set to the
frequency range 200 Hz to 630 Hz. A calibrated paper was
used on the Graphic Level Recorder. The band wi dths of the
remai ni ng ot her band noi ses were also determned in the
same nmanner.

Al'l these neasurenents were done in a Sound Treated Room

of Al India Institute of Speech and Hearing, Msore.

Envi ronnent : -

The audionetric tests were perforned in a Sound Treated
Roomof All India Institute of Speech and Hearing. The
anbi ent noise levels in these roonms were within the maxi mum

al | owabl e noi se | evel s.

Pr ocedure: -

Testing was done in a Sound Treated Two Room situation.
The Subject was seated in an armchair so that the control
panel of the audi oneter was out of his/her |ine of vision.
The follow ng data was coll ect ed:
1. Pure tone thresholds at frequencies 500 Hz, 1000 Hz,
2000 Hz and 4000 Hz for both ears.

2. Narrow band noise thresholds for different centre
frequencies Via. 500, 1000, 2000 and 4000 Hz for

both ears.

| nstruction to subject;

"You will hear a tone in either your right or left ear,
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Rest your el bow on the armchair, make a fist and raise

your index finger when you hear. Even if you hear it softly,
rai se your finger, and hold it up as long as you hear.
"When you no |onger hear it, bring your finger down. [|f

you hear the tone in your right ear lift your right finger.'
The instructions were acconpanied by appropriate gestures.
Threshol ds were established using the Hughson-Wst| ake
procedur e.
The tone was initially presented at 40 dB HL and

the intensity of the test tone was reduced in 10 dB steps
foll owi ng each positive responses, until he failed to respond.
The tone was thus raised by 5 dB. |If the subject heard this
increment, the tone was reduced by 10 dB and raised in 5 dB
steps until it was heard again, and thus the threshold for

Pure tones and narrow band noi ses were established.

3. Tone decay at frequencies Vis. 500, 1000, 2000 and

4000 Hz was determ ned for both the ears.

4. Decay for narrow band noises with different centre
frequencies Viz 500, 1000, 2000 and 4000 Hz, was al so
determ ned for both the ears.

Instructions to the subjects were sane as before,
Carhart's (1957) nethod was used to fine the tone decay
and narrow band noi se decay.

After obtairirg the thresholds for pure tones and
narrow band noi ses at various centre frequencies, tone decay

and narrow band noi se decay were determ ned.
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The test begin with the sustained tone bel ow the
established 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 ore mnute the test
was term nated.

| f the subject indicated that he no |onger heard the
tone before the mnute criterion was net, the intensitv of
the tone was raised by 5 dB, withort interrupting the tone
the stop watch was set back to zero, and begun timng for a
rinute again. This was continued till the subject responded
for one full mnute. Narrow band noi se decay val ues at
centre frequencies 500, 1000, 2000 and 4000 Hz were al so
establi shed using the sane procedure.

The ears were tested alternatedly i.e. 500 Hz tone decay
of left ear, followed by 1000 Hz tone decay for right ear,
again 2000 Hz tone decay of left ear and 4000 Hz tone decay
for right ear.

The thresholds and decay established for pure tones and
for narrow band noises at various centre frequencies were
noted down in the data sheet as shown over | eaf.

Test - Retest Reliability

7 subjects out of 20 were selected randomy for test -
retest reliability. After a nonth, thresholds for pure tones
and narrow band noi ses were established.

Al so tone decay and narrow band noi se decay were

established for the frequencies 500, 1000, 2000 and 4000 Hz
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There was no significant difference between the test
and retest results. The obtained data were statisticallv

anal ysed.

DATA SHEET

Ri ght Ear Left Ear

Test 500 | 1000 | 2000|4000 500 | 1000 2000 | 4000

Pure tone
t hr eshol d

H. D. N.
t hr eshol d

Tone
decay

N. B. N
Decay




Pure Tone Thresholds

Narrow Band Noise Thresholds

500Hz 1000H2 2000HZ  4000Hz 500Hz 1000Hz  2000Hz  4000Hz
11.5 12 9 19.5 20 19 23 13
16.5 12 9 19.5 20 14 28 13
16.5 17 14 14.5 15 19 18 13
16.5 17 14 19.5 20 14 18 13
21.5 7 14 14.5 10 19 18 23
21.5 7 9 14.5 20 14 18 13
16.5 17 19 19.5 20 19 23 18
16.5 12 14 14.5 20 19 18 13
26.5 17 9 9.5 25 19 23 8
21.5 17 9 14.5 20 19 23 13
16.5 12 14 24.5 20 19 23 13
16.5 12 29 24.5 15 24 18 33
21.5 17 14 9.5 20 19 13 13
26.5 22 9 29.5 25 14 23 13
26.5 22 14 29.5 20 19 13 18
31.5 17 14 29.5 25 14 18 13
21.5 17 14 19.5 20 19 13 18
16.5 12 14 14.5 15 14 13 13
16.5 7 19 14.5 15 19 13 13
11.5 7 14 14.5 15 19 13 13
26.5 12 9 14.5 25 14 18 8
26.5 17 9 9.5 20 9 18 8
26.5 12 14 19.5 25 14 23 18
16.5 7 29 14.5 20 19 18 13
21.5 22 14 14.5 25 19 18 23
21.5 12 14 14.5 20 19 18 18
26.5 17 9 9.5 20 14 18 8
26.5 17 24 9.5 20 19 18 18
26.5 17 29 14.5 20 14 18 18
31.5 22 19 24.5 30 14 33 13
16.5 12 14 9.5 20 19 13 13
16.5 12 14 14.5 20 19 13 13
11.5 17 14 14.5 15 19 23 18
11.5 12 9 9.5 15 14 23 18
21.5 12 14 14.5 20 9 23 8
21.5 12 14 9.5 20 14 18 8
21.5 12 34 19.5 25 14 18 13
21.5 12 19 14.5 20 14 13 38
16.5 12 14 19.5 20 14 13 18
21.5 12 19 9.5 20 14 13 18

M=20.5 M=14.00 M=15.00 M=16.5 M=20.00 M=16.50 M=18.50 M=14.5
co5.27 o 4.15 o 5.72 o) 6.44 o) 3.71 o 3.16 o) 4.58 o 4.90

Table 1

Pure Tone Thresholds and Narrow Band Noise Threshold for

20 Normal Hearing Subjects.



CHAPTER- 1V

RESULTS AND DI SCUSSI ONS

The present study was undertaken to find the difference
bet ween thresholds of hearing for pure tones and the threshol ds
for narrow band noi ses centreed around test frequencies 500,
1000, 2000 and 4000 Hz.

Further difference between tone decay and narrow band
noi se decay was conputed. The test tones included for finding
tone decay were 500, 1000, 2000 and 4000 Hz. The different
narrow band noi ses used for finding noise decay were having
different centre frequency nanely 500, 1000, 2000 and 4000 Hz.

Pure tone thresholds and Narrow band noi se threshol ds
for the 20 normal hearing subjects are presented in Table |
Mean thresholds with Standard Deviation for frequencies nanely

500, 1000, 2000 and 4000 Hz. for pure tone are 20.5 (S. D 5.27),

14.0 (S.D. 4.15), 15.0 (S.D. 5.72) and 16.50 (S.D. 6.44)
respectively. Man thresholds with standard devi ations for
narrow band noi ses of different centre frequencies nanely
500, 1000, 2000 and 4000 Hz are 20.0 (S.D. 3.71), 16.5 (S.D. 3.16)
18.5 (S.D. 4.58) and 14.5 (S.D. 4.9).

The conparison of the Mean Threshol ds obtained for pure
tones and Narrow Band noises s ows that there is a very little
di fference between them The Range of the thresholds for the
pure tones with Mean and Standard Deviation are presented in
Tabl e 2, The Range of thresholds for narrow band noise wth

Mean & Standard Devi ation are presented in Table 3.
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The Mean Standard Devi ati ons and Range of Pure Tone Threshol ds
at various test frequencies.

Mean Thr eshol ds

Frequency S.D. in dB SPL Range
K- 20. 50

500 Hz 11.5-31.5
S D 5.27
M 14. 00

1000 Hz 7.0-22.0
S. D 4.15

2000 Hz M 15.00 9.0-34.0
S. D 5.72

4000 Lz M 16. 50 9. 5- 34. 50
S. D. 6.44

TABLE - 2

The Mean Standard Deviations with Range of Narrow band noise
t hreshol ds at various centred frequencies.

oy | Sb e
500 M zg: gf 10. 30
1000 Hz s'.VID. 1%: 338 9.24
2000 He v 1830 13. 33
4000 Hz M 14.50 8.33
S.D 4.90

TABLE - 3
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The Mean Difference between Pure Tone Threshol ds and Narrow

Band Noi se Thresholds with- 't' val ue.

Mean D fference

Frequency ¢ in dD SPL.

T .63
500 Hz ¢ e .
1000 Hz t 22 \
2000 Hz ¢ g_' (2)2 .
4000 Hz " 6. 24 .
TABLE - 4

* Not significant at 0.01
**  Significant at 0.01 .

At 0.01 level of significance 2.423
At 0.05 level of significance 1. 684



NARROW BAND NOISE DECAY

TONE DECAY
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M =2.5

3

M

M =2.5

M= 2.5

3

M=

2.29

.69

2.96

o

o 3.12

Table 5

Tone Decay and Narrow Band Noise Decay for 20 Normal Hearing

Subjects.
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Hear Difference between Pure Tone Threshol ds and Narrow

Band Noi se Thresholds with '"t' value are shown in Table 4.

It can re seen fromthe Table 4 that there is significant

di fference between the Mean Threshol ds of Pure Tone and

Narrow Band Noi ses except at 500 Hz. Thus it is observed that
the thresholds for Narrow band Noi ses are higher than the
thresholds for the Pure Tones. This observation is in contrast
to earlier studies reported.

Table 5 shows the Tone Decay and Narrow Band Noi se Decay
val ues obtained for 20 normal hearing subjects . Mean
Tone Decay with Standard Deviation at 500, 1000, .2000 and 4000 Hz
are 3 (SD 3.12), 2.5 (S.D. 2.96), 2.5 (S.D. 2.74) and
3 (S.D 2.69) respectively.

Mean Narrow Band Noi se decay with Standard Devi ati on at
Center frequencies 500, 1000, 2000 and 4000 Hz. are 3 (S.D. 2.92)
2.5 (S.D. 2.74), 2 (S D 269 and 1.5 (S.D. 2.29) respectively.

Mean, Standard Devi ati on and Range for Tone Decay are
shown in Table 6. Simlar information regardi ng Narrow Band
Noi ses are giver in Table 7.

Mean Difference between Tone Decay and Narrow Band Noi se
decay with '"t' values are presented in Table S. It can be seen

fromthe Table 8, that there is no significant difference

bet ween Tone Decay and Nrrrow Band Noi se Decay. At all the
frequenci es of pure tones and centered frequencies of narrow
band noi ses tested.

Myers (1957) was one of the first persons to have
conpared Narrow Band Noi se and Pure Tone Threshol d and concl uded
that two signals were inter-changeable at |ow frequenci es but

tended to differ at higher frequencies. Sinmon and Northern



The Mean Standard Devi ati on and Range of Tone Decay at

various Test Frequencies

Tone Deca
Frequency SI_VID_ in DB y Range
3
500 Hz o 310 0- 10
2.5
1000 Hz gD_ S o6 0- 10
2000 Hz M 2.5 0-5
S.D. 2.74
4000 H '\é D 2.369 0-10
TABLE 6

The Mean Standard Devi ati on and Range of Narrow Band Noi se

Decay at various centre frequencies.

N.B.N. Deca
Frequency S'.VID. in dB y Range
-1
y 2 0- 10
500H sn
2.5
1000 Hz M >3, 0- 10.
M
2000 Hz < D 2269 0-10
1.5.
4000 Hz I\S/,I D, 2.29 0-5

TABLE - 7



Mean Difference between Tone Decay and

Decay with '"t' val ues

Nar r ow Band Noi se

D Mean Difference*
Frequency t in dB
> 0
500 Hz t 0
T 0
1000 Hz ¢ 0
D .5
2000 Hz t 35
4000 Hz t 1. 60
Level of Significance. 0. Ol 2. 423
| evel of significance 0.05 1.684

TABLE - 8
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T

Tone Decav and Harrow and Noi se Decay in 5 sensori-neural

heari ng | oss cases.

Patients 500 Hz 1000 Hz 2000 Hz 4000 Hz
Rt 60 (5) 65 (20) 45  (0) 20 (25)
patient 1
Lt 60 (10) 40 (20) | 25 (f) | 30 (15)
Rt 35 (45) 60 (45) 70 (20) | 55 (15
patient 2
Lt - - -
Rt 15 (10) 10 (5 25 (5) 25 (5)
patient 3
Lt 15 (10) 10 (5) 20 (5| 25 (5)
Rt - - -
patient 4
Lt 25 (50) 40 (45) .0 (20)| 15 (30)
Rt 30 (40) 40 (40)| 45 (45)| 40 (55)
patient 5
Lt 30 (r.5) 35 (30) 30 (35) 65 (5)
Tabl e 9

() Figures in parenthises indicates Narrow Land

Noi se decay val ue at respective centre frequencies.
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(1966) found adults with normal hearing showed no significant
di fferences between Narrow band noise and Pure Tone threshol ds.
In the study done by Stephens and Rintelmann (1973) they have
i ndi cated that audi oneter configuration may influence pure tone
and Narrow Band Noi se agreenent, and Narrow band Noi se threshol ds
were nmore sensitive than pure tone thresholds in persons wth
sloring audi ometric configurations. As the 't' values
obtained for the difference nean between puretone threshold and
narrow band noi se threshold are significant, it clearly rejects
the first hypothesis that there is no significant difference
between thresholds for pure tone and narrow band noise So

if narrow band noise is utilised as an alternative stinulus
thus difference should be considered.

A thorough review of literature shows that there is no
study with regards to the difference between Narrow band noise
decay and Tone decay. The present study has revealed that in
normal subjects there is no significant difference between
Tone decay and Narrow band noi se decay.

Table 9 s:ows Tone Decay and Narrow Band Noi se decay
for 5 cases having serscri neural hearing loss. In the case
of 3 patients both the ears were tested. The remaining
2 patients, one ear of each was tested. These five patients
were selected because they had exhibited Tone decay onO sen's
Tone Decay Test. It is obvious fromthe Table 9 that there is
not much relationship between Tone Decay and Narrow band noi se
Decays in all the patients at all the pure tone frequencies
tested. However the relationship between narrow band noise

decay and tone decay appears to be satisfactory at 1000 Hz.

48



At 1000 Hz , the data showthat, if there is positive
Tone Decay, positive decay for narrow band noi se are also be
expected. However, here also there are sone exceptions.
The fact that there is some relationship between the Tone
Decay at 1000 Hz and Narrow band noi se decay centred around
1000 Hs, indicates that the idea of using the Harrow band
noi se for assessing decay in cases who, exhibit abnornma
Tone decay and tinnitus nay not be rejected. Mor e nunber
of patient having Sensori neural hearing |oss exhibiting

positive tone decay at 1000 Hz will have to be tested

to find out whether they also show Decay for Narrow band noi se

centred around 1000 Hz. This information will be useful for
devel opi ng 'Noise Decay Test' for asessing Retrocochl ear

pat hol ogy.

48



CHAPTER-V

SUMVARY & CONCLUSI ONS

The purpose of the present study was to explore the
relationshi p between pure tone thresholds and the narrow
band noise threshold in normal hearing subjects.

Additionally with a view to devel op 'Noise Decay Test' for
asessi ng abnormal decay for continuous auditory stinulation
(concom tant nonoaural adaptation) in sensori-neural hearing
| oss patients who exhibit tinnitus, the Tone decay test can
not be adm nistered. Hence, there is a need for 'Noise

decay test'.

A sanple of 20 subjects with normal hearing ( 20 dB HL
ANSI 1969) with an age range of 17 to 23 years (12 F+8 M
served as subjects. Pure tone thresholds at 500 Hz,

1000 Hz, 2000 Hz and 4000 Us were established using

Hughson Westl ake procedure. Thresholds for narrow band

noi ses varying in central frequencies nanely 500, 1000, 2000 and
4000 Hz were established.

Tone decay and Narrow band noi se decay, were determ ned
using Carhart's procedure. (1957)

Five subjects with age range of 12 to 42 years (4F + 1%)
exhi biting abnormal tone decay on (O sen tone decay test were
al so tested using narrow band noi ses and pure tones.

The present study has revealed that there is significant
di fference between pure tone thresholds and the narrow band
noi se thresholds in normal hearing subjects. No significant

di fference was noticed, between tone decay and narrow band
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decay in normal hearing subjects. Thus the null hypothesis
(there is no significant difference between tone decay and
narr ow band noi se decay) is accepted.

The rel ationshi p, between narrow band noi se decay and
tone decay in senscri-neural hearing |oss cases appears to be
satisfactory at 1000 Hz. The fact that there is sone
rel ationship between the Tone decay at 1000 Hz and narrow band
noi se decay centred around 1000 Hz, indicates that idea of using
narrow band noi se for assessing decay in cases who, exhibit
abnornmal tone decay and tinnitus may not be rejected. Mor e
nunber of patient having senscri-neural hearing |oss exhibiting
positive tone decay at 1000 Hz will have to be tasted to find out
whet her the also show decay fcr narrow band noi se centred
around 1000 Hz . This inforration will be useful for devel oping
noi se decay test for assessing Retrocochle r pathol ogy.
Suggestions for further research;
1. narrow band noise with very narrow bands should be used
i nstead of wi der bandwi dt hs.
2. Alarge sanple of sensori neural hearing |oss patient
exhi biting varying anmount of tone decay will have to be tested.
3. It would be desirable if, confirnmed Retrocochl ear pathol ogy

cases are used for this type of study.
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