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| NTRODUCTI| ON

Hearing aid is an el ectroacoustic device used
for the anplification of sounds. Hearidgaid is a boon
to the individual with hearing |oss who cannot be hel ped
by either nedicine or surgery and who experience difficulty
in one or nore of the daily activities either vocationally,
educationally or socially. This anplification system
nerely increases the intensity of the sound reaching the
ear, and the main purpose of anplificationis to utilize
the individuals residual hearing to the fullest extent

possi bl e.

Col ebrander (1978) stated two ways of reducing
t he experiencing handi cap, one by inproving the ability
of the individual and the other by reducing the listening
demands of the environnment, reflected by reduced |isten-
ing effort. So, the anplification for the hearing handi -

capped is an inportant rehabilitative nmeasure.

O Neill and Oyer (1970) have given the basic

goals for stinulating residual hearing as follows:

1. Greater understanding of speech by others.



cousti c

More rapi d devel opnent in the use of |anguage
by the child.

Better speech.
H gher attai nnment in school .

Better social and enotional adjustnent through
link with other people and world at |arge.

Over all i1nprovenent in the devel opnent of
chi | d.

Corso (1977) has given the purpose of el ectroa-

treatnment on hearing disorders as

To inprove the threshold of hearing.

To increase the ability to discrimnate speech
sounds for nore effective verbal conmunicati on.

To generate nornmal fields of hearing.

To provide possibility of directional hearing.

Anong the popul ation of hearing inpaired, re-

latively a few are totally deaf, and because the ability

t o hear

even a part of speech signal is an enornous help

I n speech reception and speech production, the hearing

aids are nost vital in rehabilitation.
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Madel | (1978) has nentioned the foll ow ng

goals of anplification for the hearing inpaired:

1. To keep the child in contact with the
envi ronnent .

2. To nake the best use of the residual hearing.

3. To enable the child to devel op the best
possible auditory skills to enable to
per cei ve speech.

Al though hearing aid is a boon to the hearing
handi capped, its continuous use nmay have harnful effects
on the residual hearing. It is a well established fact
that the continuous exposure to intense noise results

i n hearing inpairnment.
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NO SE AND HEARI NG

Ever since the age of Industrial revolution,
there is increased anmount of noise pollution and people
are getting nore and nore annoyed with the noise that
it is the best known universal enemy. Wth this constant
persi stance of noi se, because of its harnful effects,
noi se is draw ng increased attention of professionals.
These effects of noise can be physiological or psycho-
| ogical. The physiological effects can be auditory or
non auditory in nature. Fornmer one is the one which is
concerning the audiol ogists and those interested in
heari ng conservation. The most common well known hazard
of noise exposure is the "Hearing | oss", either tenporary
or permanent. There are many variables to be consi dered,
the paraneters of voice itself and individual factors
such as susceptibility, previous exposure, etc. The
gradual dim nution of hearing acuity associated with
noi se exposure is referred to as noi se induced hearing
loss. If this loss is sudden onset after a brief exposure
to intense sound, noise trauma is the result. Though
initially NTHL is reversible; the elevated threshold

shift because of fatigue, with rest returns to pre-
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exposure |l evels. This threshold shift is known as
tenporary threshold shift. But, as the permanent | oss
I ncreases, the tenporary threshold shift decreases. Wth

repeat ed exposure TTS becones pernmanent hearing | oss.

This type of loss is often acconpanied with
tinnitus, recruitnent and vertigo; at times with 4KHZ
di p. Such losses are acconpanied by or are as a result
of tenporary or pernmanent injuries to structures of the
ear. |t nust be noted that permanent injury to inner
ear i s not always acconpani ed by pernmanent changes in
auditory sensitivity i.e, auditory acuity of puretones
Is neither indicative of injury nor intact auditory

system (Bredbery 1968) .

Noi se i nduced hearing | oss can be conducti ve,
sensorineural or mxed in nature. Conductive conponent
may be as a result of rupture of tynpani c nmenbrane, dis-
| ocation of ossicles, epithelial cysts in the mddle ear
damage to squanous cells of mddle ear, etc. Sensori-
neural loss is the result of inner ear changes. The
area nost vulnerable for high intensity sounds banbar d-

ment is the organ of corti. Though there are a |ot of



I ndi vidual variations seen regarding the site and extent
of damage, the extent of danage is related to the inten-
sity of sound, site is related to frequency of the sound

and the severity is related to exposure tines.

Wth the devel opnent of scanning el ectron
m croscopy, the structural danmages within the cochl ea
are wel Il known, but little is known about the nodifica-
tionwithinthe organ of corti. It isdifficult to state
as to where earliest danage occurs but it is quite evident
that rather early, sensory hairs on outer hair cells |oose
stiffness and they have a tendency to wilt and it is un-
resol ved, whether it is reversible or not. |If sufficient
damage occurs, hairs may fuse and formcongl oner ati ons.
Sone parts of hairs becone ingested into the surface of
outer hair cell and can be found |ying horizontally inside
t he pl asna nenbrance above cuticular plate. |In the inner
hai r cel | snunber of fused hairs can forma spatular plate
protruding fromthe surface parallel wth nodification of
surface, various grades of deterioration appear with hair
cell cytoplasm In cases of mnor damage, structura
changes can result in the formati on of |ysosones appear -
ing especially in the region bel ow basal body. Wth re-

peat ed exposure, increase in |ipofuscin granules occur.



If danage is lethal to the cell, both nucl eus
and cell cytoplasmbegin to disintegrate. Vacuol es or
cysti c degenerati ons appear and the cells | oose contact
with the reticular nenbrane. The gaps are rapidly closed
by the outgrowth of supporting cells, mainly fromthe
Deiters cells, but even pillar cells participate. In |ess
serious injury, outer hair cells are damaged first and
regul ar pattern is broken. Scattered cells or groups
of sensory cells di sappear and in nore pronounced danmage,
all the outer hair cells degenerate in a nore or |ess
restricted area. Depending on type, oOr noise exposure,

t he damage can appear as snall spotted regions of hair-
cells or as a distinctly |ocalized damage. The inner
hair cells are nore resistant, but, in severe exposure,
| arge nunber of inner hair cells may al so di sappear.
This is followed by neural degeneration in particular

ar ea.

I n sections through organ of corti the fluid
spaces are at first preserved. Wth the increased dis-
i ntegration, macrophages appear and fluid spaces fill

with the outgrowth fromsupporting cells. These also



di sappear after varying periods of tine, nerve endings
and nerve fibres and even the ganglion cells in spiral
ganglion. The rest forma cuboidal |ayer on basilar
menbrane. During this process the tectorial nmenbrane
Is lifted off fromthe organ of corti in its damaged
area. It looks as though tunnel of corti can renain

I ntact i n undamaged regi ons but di sappears in severely

danmaged regi ons.

The structural changes were seen in stria
vascul ari s and pernmanent changes were seen in strial

prom nence.

These cochl ear changes do not devel op i mre-
diately after exposure but need varying time to devel op,

partly dependi ng on extent of damage.
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NEED FOR THE STUDY

Wil e considering all the advantages of
hearing aid one nust bear in mnd that the person wear-
ing hearing aid is exposed to high intensity sounds, and
t he above nentioned hazards of intense sounds are likely
to be expected in a hearing aid user. There are a |ot
of controversies regarding this possibility of damage.
Moreover the main interest in prescribing a hearing aid
is to utilize the intact hearing present in the individual
to the maxi num extent and not to further deteriorate the
individual's hearing level. This shows the necessity for
t he know edge about the effects of hearing aid usage on
person's hearing, before providing one wwthit. So, the
present project is taken up to review the studies on the
effects of hearing aid usage on the person's residual

heari ng.

Wth regard to the problem of whether or not
a hearing aid usage results in deterioration of hearing,
VWHO, in 1967, reported that "fornmerly it was believed that

the use of hearing aid m ght cause hearing to deteriorate,



but there is no evidence to support”. Again in 1967,

ASHA Conference on hearing Aid Sel ection Procedure

poi nted out the need for further research on the possi-
bl e del eterious effects. Current food and Drug Adm ni -
tration regulations for aids recommend that aids should
not provide nmore than 132dBSPLMPO, and instrunents exceed-
ing that should be |abeled as providing a potential hazard
to residual hearing. On the contrary, in 1973, the
Consuner Cui de Section of paying through ear answered the
guestion, "can a hearing aid damage hearing?", by stating

yes, there is evidence that by hearing aids which are

too powerful, dangerous danage to hearing can be seen.”

There are many studi es and experinments con-
ducted on this particular topic, ofcourse with different
results. The follow ng discussion, includes item under

two headi ngs:

1. Studies indicating danage to residual
hearing due to the use of hearing aids.

2. Studies indicating no damage to the residual
hearing due to the use of hearing aids.
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STUDI ES THAT SHOW THAT
HEARI NG Al DS DC DAVAGE HEAR NG

Kinney (1953) reviewed records of 8800
children over 15 years period. 445 showed no change
I n hearing, 16 denonstrated progression of hearing
| oss. No expl anation was given for deterioration,
al though he did state that hearing | oss was nore
marked in the ear fitted wwth hearing aid. Acoustic
characteristics of aids used or etiologies of hearing

| oss were not specified.

In 1955, Harlford and Markl e presented a
single case, an eight year old girl wth congenital,
symmetrical, sensorineural hearing | oss, who had been
wearing a hearing aid for three years before her hearing
acuity was reevaluated. It was noted that her hearing
threshol ds were no longer bilaterally symretrical but
that the acuity in the used ear (left) was significantly
poorer than in the non used (right) ear. The aid was

fitted to the right ear, and after several nonths, it
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becane apparent that the |eft ear had recovered to its
prehearing aid use | evel whereas the right ear denonstra-
ted threshold shifts. The used ear was agai n reversed
with the sane phenonenon noted. Wen the aid was wt h-
drawn fromuse for a week, the thresholds in both the
ears recovered to prehearing aid use level. Harlford
and Markl e caution against interpreting their report "as
evi dence supporting the concept that hearing aids may

cause danage to hearing".

Mol | er and Rojskjaer (1960) in their investi-
gation of 390 cases of age range 10 - 78 years, wth
sensory neural hearing |oss who were regul ar hearing aid
users, reported that nine of these people showed a distinct

deterioration of hearing in their used ear (MPO of 120dBSPL).

Kinney in 1961 again examned the files of
heari ng conservation program and selected the subjects

according to following criteri a:

1. Al the subjects having used the hearing
aid for atleast one year.

2. The subject of having a record of one ac
testing prior to the aid use.



3. All the cases having sensory neural
heari ng | oss.

4. The subjects who had nornal or near
nor mal speech.

178 subjects were selected between the age
range of 6 to 16 years. Qut of 178 subjects, 126 sub-
jects were filed between 1938 and 1958, 52 between 1959
and 1960. The hearing aids prior to 1959 tended to be
| ess powerful than the later. He observed absol ute
threshold shifts in used and non used ears. 13 sub-
jects out of 126 subjects showed on average shift of
10dB or nore in the used ear and not in the non used ear.
4 cases showed shift in the non used ear too, but in the
used ear it was of greater magnitude. |In the 52 subjects
group, out of 39 subjects who were using nonaural hearing
aid, 19 subjects showed shift of 20dB. In the renaining
13 cases of binaural hearing aid, 9 subjects showed shift

of 25dB in both ears. K nney has recommended

"1. in sensory neural hearing | oss, no aid
of nore than 40dB gai n shoul d be used.
It is the MPOto be limted, not the
gain, to protect the ear fromtraunatic
effects of i ntense sound.



2. Binaural anplification in children
shoul d be condemmed. Again here
MPO shoul d be consi dered".

Kinney did not study the relationship between
deterioration of hearing and etiology of deafness in his
subjects. He was of the opinion that hearing |osses due
to hereditary factors were the nost resistant to hearing
aid trauma. He has concluded that there is a strong re-
| ati onshi p between MPO of the aid and the anount of de-
terioration. He has also stated that in certain cases,

t he binaural anplification should be condemmed. However,
he has not specified in which cases the binaural anpli -

fication should be condemed.

Satal off (1961) found a case with decrease in
acuity of hearing after the use of hearing aid. This was
a seven year old boy who had worn a hearing aid in one
ear for four years. He conplained his hearing was gett-
ing poorer in the used ear and audionetric results con-
firmed his inpression. The hearing aid was renoved, and
after a short period his hearing acuity recovered to its
fornmer |level. The sequence was repeated several tines.

Each tine the hearing aid was worn, his |oss increased
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each tine it was renoved, his hearing recovered to its
former level. The sequence confirned the inpression of

trauma due to hearing aid anplification.

Ross and Treux (1965) have presented two
cases in which an unexpl ained threshold shift occured
in an ear using a powerful hearing aid and they al so
descri be neasures taken to protect the other ear to which

use of an aid was switched Case 1. was 13 year ol d boy

who started wearing noderately powered aid in his right
ear at the age of five. After five years he was fitted
with a powerful body worn instrunent with MPO of 139dB.
Several years later, he was enrolled for speech therapy
and his audiogramat that tine indicated bil ateral
sensory neural hearing loss with better acuity in the
right ear than the left. The boy discountinued speech
therapy and two years later, his nother called the clinic
an3 reported that her son was having increased problens.
The audi ogramwas taken and when conpari son was nade bet -
ween the initial and final audi ograns, it was observed
that the threshold in right ear were 25 to 35dB poorer,
whereas the threshold in left ear agreed within 10dB.
Qologic findings were negative. He was reconmmended to
wear the aid in the left ear, but the case was unable to

conply wwth this because the case felt that it was pai nful



to wear the hearing aid in the left ear. This conplaint

had audi ol ogi cal justification; SRT was 62dB in | eft ear

whil e, UCL was 82dB. But, without the aid, the boy woul d
be severely limted in his functioning. So, an aid with

AVC was recommended to left ear, which was the better

ear at that tine.

Case 2. 14 years old boy was under treatnent fromhis
fifty year for a severe bilateral hearing |l oss. Hs

audi ograns were consistent through the years. He had

worn a hearing aid in his left ear since age four. At

age 8, he had switched to an instrument of MPO of 139dB.
Wien he was 13 years ol d, he appeared to have nore diffi-
culty; and audi ogramwas repeated. Wile previously the
two ears were symretrical, recent audi ogram showed | eft

ear threshol ds poorer than the right ear. (ol ogic exam -
nation reveal ed no apparent reason for the threshold shift.
As in the previous case, he was unable to function effective-
|y wi thout an aid, yet there was a possibility of his hear-
ing acuity further decreasing wth powerful hearing aid.

So, aid with AVCwas prescribed to the right ear.
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Ross and Treux say that the above two cases are
not nmeant to provi de unequi vocal evidence that hearing
aid anplification can produce acoustic traunma and furt her
decrease in a person's residual hearing. As yet there
Is inefficient evidence to assign this effect to the aid;
neverthel ess there is no theoretical reason why this
cannot occur. So, they recommend that in the clinica
practice one nmust often proceed as if a possibl e cause
were a probably cause and take requisite renedi al steps.

The person should be able to receive the benefits of
anplification with the possibility of further trauma due

to hearing aid anplification mnimzed.

Best controlled and conprehensive investigation
of this phenonenon was acconpli shed by Macrae and Farrant
in Australia (1965). They conpared changes in hearing
acuity aided ear with that of unaided in 87 childrenwith
bilateral symretrical sensory neural hearing | oss. Subjects
were 87 children whose ages ranged from6 to 16 years.
Ehol ogi es of | osses were described as endogenous and
exogenous. 34 children wore hearing aids that provi ded

48 dB SPL average gain and an MPO of 124 dB SPL (noderate



power) 53 children wore hearing aids that provided 68 dB
SPL average gain and an MPO of 130 dB SPL (high power).
The length of the tinme the hearing aids were used ranged
from10 nonths to 10 years. Changes in hearing threshol ds
were recorded at four octave frequencies beginning with
250 Hz. The nmean increase in thresholds in the high power
aided ears were significantly greater than nean threshold

I ncreases in unaided ears at all the vested frequenci es.
Use of the noderate power hearing aid resulted in significant
bet ween ear threshold differences at 500 and 4000 Hz only.
In children using high power hearing aid, it appeared that
greater |losses did not deteriorate as nuch as | esser

| osses. The anount of deterioration appeared to increase
as the length of time, that the high powered bearing aids
were worn, increased. This relationship was not specified

for noderate powered ai ds. Mcrae and Farrant concl uded that

1. the use of powerful hearing aids does tend
to produce deterioration of hearing in aided
ears, and that the greater the power of
hearing aid, greater the degree of deteriora-
tion.
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2. Ears experiencing exogenous and endogenous
| osses appear to be equally susceptible to
hearing deterioration as a result of hear-
ing aid use.

3. hearing also appeared to deteriorate in
t he unai ded ears, and the deterioration
appeared | ess when the initial |oss was
greater.

So, their findings suggest that there is
negati ve correlation between deterioration in aided ear
and average hearing loss in aided ear at the tine aid
was fitted. There was positive correl ation between
deterioration in aided ear and total estimated nunber of
hours the aid was used. There was a weak, though signif
cant correl ati on between average deterioration and vol une
setting with group one users, significant increase in
threshold at 500 and 4000 Hz was found. |In second group
negative correl ati on between average threshol d deteri ora-
tion and average threshold in the aided ear at the tine
hearing aids were fitted. No significant correlation fo
first group. |In any case, they suggest to take an account

of possi bl e danage before prescribing an aid.

Ross and Lerman in 1967 conducted a study on
hearing aid use and residual hearing. The procedure for

subj ect selection criteria and analysis were simlar to



those utilized by Macrae and Farrant. Subjects were

sel ected according to the followng criterias.

1. Bilateral symmetrical sensorineural
hearing | oss.

2. Use of aid in only one par.

3. Areliable audiogramat the tine the
aid was introduced.

18 subjects net the criteria with age range
of 7 to 19 years. The subjects had used their hearing
aid from1l to 5 years. Specific etiological information
was unobt ai nabl e, records did indicate that each child's
| oss was of congenital origin. Each child was schedul ed
for an audiologic evaluation. Al were acconpanied to
the clinic by one or both of the parents. The follow

i ng informati on was obt ai ned.

1. Make and nodel of hearing aid (receive type,
I nternal and external adjustnents) the manu-
facturer's specifications for an estinate of

MPO.

2. Average hours per week the child used the aid.

3. The nunber of weeks he had used the aid.
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The difference between initial and final
audi ograns, for both aided and unai ded ears were not ed.
Then di fference between these ditferences for the fre-
guenci es 250, 500, 1000, 2000, 4000 and 8000HZ wer e
conputed. For exanple, if at any given frequency the
unai ded ear showed a difference of 10dB between initi al
and final audi ogram and the aided ear showed a difference
of 15dB, then the relative threshold shift was 5dB.
Justification for this procedure was expl ai ned by Macrae
and Farrant. They state "It was hypothesi zed that the
operation of factors (Gher than aid use) which affected
hearing was randomy distributed (tended to be equally
di stributed) between the aided and unai ded ears of the
group”". On this hypothesis if the aid use had no effect
on hearing, the change in average threshol ds of the aided
ears would not differ fromthe change in average threshol ds
of the unaided ears except within the [imts of sanpling

error.

The results showed the relative shift between
the two ears. Positive difference, i.e. the used ear
shifting nore than the nonused ear are found at 250, 500,

1000, and 2000HZ. Slight negative differences were found
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at 4000 and 8000HZ. The average relative shift for
frequenci es 500, 1000 and 2000 HZ was eval uated by neans
of at test for correlated neans and found to be signi-
ficant at 0.05%]l evel of confidence. Perusal of raw
data i ndicates, however, that only nine of these sub-
jects contributed to this result. The renaining nine
showed little or no shift or denonstrated a negative

shift.

1. The average loss at the same frequencies
at the tinme the hearing aid was first
used was 0. 64.

2. The hours per weeks the aid was used was

0.42
3. The MPOof the hearing aid was 0. 21.

4. The nunber of weeks the aid was used
was 0. 02.

Amultiple correlation of 0.80 was found when
the average relative shift was correlated with the average
hearing | oss when the aid was first worn and the hours per
week it was used. The results did not indicate significant
correlation between MPO and the relative shift in hearing

acuity. One child in this study was who fitted with a



hearing aid with an output greater than 130dB showed

a substantial shift in the used ear relative to nonused
ear. It is possible that this nonsignificant relation-
ship between MPO and shift in the hearing acuity. The
greatest correl ati on was between average rel ative shift
and the average hearing loss at the tine the aid was
fitted. That it was a positive correlation and it

i ndi cates that those children with the greatest degree
of hearing |oss al so showed the greatest amount of rela-
tive shift. This is an unexpected result as per Ross
and Lerman. It would be nore understandable if a high
positive correlation were found between MPO and t he
average relative shift since children with greatest
degree of loss are usually fitted with aids having

hi gher MPGs. Anot her possible factor responsible for
the relatively high correlation between degree of |o0ss
and average shift could be the fact that children with
nore severe |osses would tend to wear their bearing
aids a greater nunber of hours per week. However,
correl ati on between nunber of hours and rel ative shift
was very low (0.19), thus elimnating this factor as a

possi bl e expl anation. This finding contradicts Mcrae



and Farrant's study in which they found negative co-
rel ati on between degree of hearing |oss and relative
shift. The evidence suggests that shifts in hearing
acuity due to hearing aid trauna are indeed a real
possibility. These shifts are by no neans inevitable,
nor they are uniformwhen they do occur. The likeli-
hood is that they are related to high MPO and nunber

of hours of aid usage. Any shifts due to hearing aid
trauma must be separated from effects reported by Barr
and Wedenberg, the progressively associated with etiol ogy
and a noderate degree of |oss. Ross and Lernan suggest
that if trauma occurs, one should not concl ude that
hearing aid anplification perse is contraindicated for
chil dren who need anplification in order to inprove

t heir communi cative functioning. Rather, aids with
reduced MPGCs should be recommended and children should
be schedul ed for audiol ogical foll owps and be closely
supervised in the use of their aids. Thus children can
continue to receive the benefits of anplification, with
assurance that if shifts do occur, they will be noted

i mredi ately and all possible renedial neasures will be

t aken.
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In his pilot study, Macrae (1968) has found
substantial amounts of tenporary threshold shift in
aided ears of children with sensory neural deafness after
the use of powerful hearing aids. 4 Children from schoo
for the deaf were selected. All had sensory neural deaf-
ness not exceeding 85dB hearing |oss at any frequency
tested in the aided ear. The children's hearing was
tested twice at about 3 pmon a Friday afternoon and
they were then deprived of the use of their hearing
aids for the weekend. At 9.30 am on Monday their hearing
was tested and their aids were returned to themfor normal
use in classroomand to play. At about 11 amand 1 pm
their hearing was tested again, then their aids were
removed for the afternoon. Subsequently at 2 pmand 3 pm
their hearing was tested again. Testing was done in the
"reverse" direction from 4000 to 500 HZ and took 110 Sec.
The testing was done in those with hearing aids worn,
after 30 sec of renoval of the aids. Results clearly
showed that hearing aid use is causing substanti al
amounts of TTS ever a wi de range of frequencies. Macrae

has put forward two hypothesis based on the results:

"1. In three of these children, recovery
from TTS seems to be at a slower rate
than that obtained for simlar degrees



of TTSin normal hearing subjects. The
rates obtained for these children appear
to correspond nore closely to the sl ow
rates, reported by ward (1960) found in
recovery fromhi gh values of TTS.

2. Although the effect of aid use is spread
over all the frequencies investigated,
there are possibly two main areas of
effect: one centering around 2700HZ and
anot her at about 800HZ. This is suggested
nore clearly by an early stage in devel op-
ment of TTS in one subject”.

I n his subsequent article Macrae (1968) has
given the rate of recovery in these children. In three
of the four children the rate of recovery fromTTS
appeared to be slower than that found for simlar degrees
of TTSin people with normal hearing. The criteria used
were as in the earlier study and the hearing ai ds used
were al so the sanme ones as before. The children's hear-
ing was tested twi ce at about 3 pmon Friday afternoon,
and they were then deprived of the use of their hearing
aids for the week end. At about 9 pmon Mnday, their
hearing was tested, aids were returned for normal use.
At 1 pmaids were renoved and 2 mnutes after renoval,

their hearing was tested. Subsequent testing was carried
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out at hourly intervals fromthe tine of renoval of
hearing aid for four hours. Al the tests were done

wi th Bekesy audioneter in a "reverse" direction from
4000 to 500HZ, and the tinme required for testing was

110 sec-. Pulsed tones were used for testing. Once
again inprovenent in the children's threshol ds was found
to have occured between 3 pmon Friday and 9 amon
Monday, substantial anmounts of TTS over a wi de range of
frequencies were found to have occured between 9 am and
1 pm on Monday. For such child, the course of recovery
froml pmto 5 pmwas neasured at the two frequencies
nost affected with TTS. Children were recovering from
TTS at a rate of about 3 - 4 dB/(logt) during the range
of time investigated. Again this is very close to the
rate of 4-5dB/(logt) found for recovery from hi gh val ues
of TTS in nornal hearing subjects. So, his conclusion

Wer e:

1. The use of powerful aids resulted in TTS.

2. Recovery of TTSwas slow, after the aids
were renoved, rate of recovery foll owed
that of normal s experiencing high degree
of TTS

3. Geatest shifts were between 800 - 2700HZ
The limtation of this study was that, the
age of the children and the etiology of |oss
wer e not specified.



Macrae (1968) exam ned the anount of aided
ear threshold shift in 134 chil dren whose ages ranged
from5 to 18 years. The average hearing level from 500
to 4000HZ was exam ned for any change that m ght have re-
sulted fromthe use of anplification. The MPO of aids
t hat these children wore ranged from 115 to 130dBSPL.
The degree of hearing deterioration was al so exam ned
relative to exogenous and endogenous hearing |oss and
specific etiology of the | oss. Mcrae concluded that
observed changes in the average hearing |evel of aided
ears were the same as those of unaided ears when the
ai ds produced |ess than 119dBSPL MPO. G eater changes
were noted in the aided ears tended to be | ess when the
hearing | osses were greater. This finding was inconsistent
with Ross and Lerman's report, but consistent with Macrae
an3 Farrants. The nean change in average hearing |evel
attributed to hearing aid use appeared the sane for
exogenous | osses. I n unaided ears exogenous | osses de-
teriorated nore than endogenous. In nost cases, hearing
deterioration not attributable to hearing aid use appeared

to be bilateral and of equal degree in both the ears.

Roberts (1970) has given a case report of

per manent perceptive acoustic traunma follow ng the provision



of hearing aid. He states that the study of possible
adverse effects of anplification on hearing of children
appears to be hanpered by two main difficulties. Firstly,
in children, the diagnosis of deafness is made and anpli -
fication is provided before an accurate audi ogram can be
obt ai ned; secondly, in sone cases there may well be a
spont aneous deterioration of hearing. It therefore
follows that this problemcan only be studied in cases
where reliable audiograns are avail able before anplifi -
cation is begun and where anplification has been provided
in one ear only, so that the unaided ear can be used as

a control. Between 1965 to 1968, Roberts has exam ned
278 children with perceptive deafness at a regional
audi ol ogy centre. All the children were revi ewed approxi -
mately three tines a year and allwore hearing aids.

During this period a deterioration of hearing was recorded
in 16, of whom 6 had siblings with perceptive deaf ness,
and a further three gave a history of perceptive deaf ness
in a close nenber of the famly. The high preval ence of
positive famly history of deafness and absence of any
potenti al audi ol ogical factors in obstetric, neonata

and past nedical histories of these children strongly
suggested that the observed deterioration of hearing was

due to heriditary factors. These findings support Burr



and Wdenberg's (1965) view. The baseline preanplifi-
cation puretone audi ogramwas not available for 13 of
these children since the deaf ness had been di agni sed
before 3 - 4 years of age. Serial audionetry in the re-
mai ni ng three children showed evi dence of deterioration
of hearing in the aided ear in all the three cases.
Roberts has reported one of these cases. John's |anguage
devel oprment during infancy and chil dhood was consi dered
normal and at three years he spoke using 3 - 4 word sen-
tences, but with defective pronounciation. No history of
deafness in the famly; and John's obstetric, neonatal
and past nedical history were normal, but his parents
had begun to suspect he had difficulty in hearing. At
five years of age, audionetric evaluation reveal ed a
gently slooping high frequency perceptive deaf ness. Ear
| evel anplification (right) was prescribed after confirm
ing the diagonosis, in February. An audi ogramin Novenber
showed severe deterioration of hearing in the right ear,
nost marked at 4000HZ, the classical dip of acoustic
trauma. I n Decenber the aid was discontinued but follow
up audionetry in January (1969) showed no i nprovenent.
The acoustic trauma appeared to be pernmanent since no

recovery was seen in one year. There was only a 10dB



deterioration of hearing in the control ear (left) and
this occured over the whol e range of frequencies (un-

i ke 50dB high frequency deterioration in the aided ear).
Later it was found that John's sister (younger) also had
perceptive deaf ness and over 44 nonths her hearing showed
a 5dB deterioration throughout the frequency range in the
absence of anplification. This finding confirns the

di agnosi s of progressive hereditary perceptive deaf ness.
So, the evidence suggests that the use of anplification
in children with progressive hereditary perceptive deaf -
ness may cause acoustic trauma and thus accelerate the
hearing deterioration in the anplified ear. Fortunately
this condition is uncommon (10%of all perceptive |oss
children) but, nevertheless it is essential to identify
this type of |oss before deciding to provide anplification.
Roberts al so says that presence of any or sone of the
following features may indicate that progressive heredi-
tary perceptive deafness is present: a famly history of
percepti ve deaf ness; the discovery in childhood, of a
gently slooping 40 5CdB perceptive hearing | oss; a history
of a reasonably normal speech and | anguage devel opnent in
early chil dhood (suggesting that hearing |oss was either
normal or mnimally affected during this period) and

finally a history of record of deterioration of hearing



over the previous 2 or 3 years.

Eastern and Braulin (1970) presented a case
study in which they could create deterioration of hear-
ing through the use of aid. Their patient was ten year
old girl with bilateral noderate sensorineural hearing
| oss. She wore a body type of aid satisfactorily in
one ear for 14 nonths and then began to conpl ai n that
the aid was not helping as nuch as it did previously.

Audi oretri ¢ eval uati on showed nar ked wor seni ng of hear -
ing in the aided ear and no change in the hearing of un-
aided ear. Subsequent hearing aid eval uati on was done

and she was advised not to use her present aid. Re-

eval uation of her hearing seven weeks | ater showed 20

to 30dB i nprovenent in the previously aided ear. They
were able to show tenporary deterioration in the aided
ear, regardless of which ear wore the aid. The aid in
qguestion had an average gai n of 34dB and average sat ura-
tion sound pressure level of 120dB. They recommended a

| ess powerful aid of 30dB gain and 100dB SPL. Wen the

| ess powerful aid was fitted to the patient and worn alter-
natively between ears, evaluations verified that tenporary

deterioration of hearing was no longer present. Their



conclusion included that all children, and their fitted
hearing aids be carefully reevaluated shortly after ini-
tiating hearing aid use. They al so suggest that the
clinicians should have sone neans of verifying the

el ectroacoustic characteristics of each hearing aid.

Danaher and Picklt (1972) noted in subjects
with profound loss that their nost confortabl e hearing
| evel may actually be 125dB SPL with a | oudness di s-
confort |evel of 128dB SPL. Many patients wi th profound
hearing | oss have no | oudness disconfort at any |evel,
whil e other patients with seemingly simlar hearing |oss,
have | oudness tol erance problens so severe that they cannot

tolerate any type of anplification.

Laquillon reported 7.5%of 80 children with
percepti ve deaf ness showed an increase in deafness which

could be attributed to aid usage.

| shi zawa and Ni shiyama (1974) reported a six
year old congenitally deaf child with bilateral and
symmetrical perceptive deafness. The left ear was fitted
with the aid. 40 days later following initial use, they

found deterioration in hearing. Trauma was suspected



and aid was renoved and changed to the right ear from
the left ear. Ei ght nonths later, no recovery was seen
inthe left ear and no threshold shift in the right ear.
It points out that several conditions such as suscepti -
bl e age of hearing shift, endogenous deaf ness, sudden
anplification increase and insufficient use of ARC gave

count enance to di agnhosi s.

Bi esal ki and stange (1975) have specified the
risk of providing aids too early in childhood. Age
equi pped therapy in the first year of age entails sone
difficulty in anatom cal, physiological, central nervous
and nursing aspects. There are additional therapeutic
risks frommaturity problens of the auditory system and
t he di agnostical inpedinments within first 6-8 nonths
caution against providing aid before 9-12th nonth wth-
our thorough di agnosis. Measurenent of central potential
in 21 children and 11 adults and studies with progressive
hearing di sturbance confirned the suspecion and proved

risks of too early and too intensive anplification.

Jerger J.F. in 1975 reported a case in which
apparently permanent damage in a child was related to the

use of a powerful hearing. A nine year old girl with
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severe bilateral sensorineural deafness that was caused
by rubella had been wearing a powerful hearing aid in

her left ear since the age of three years, three nonths.
The MPO was 135dB. An audi ogram nade on February 7th,
1974, showed an essentially bilaterally symetrical

| oss. A year later (January 30 1975) thresholds in the
aided left ear had deteriorated substantially, whereas

t he unai ded ear had remai ned unchanged | npedance audi o-
metry indicated normal m ddl e ear function on both sides.
Because of the child' s increasing conmunication difficult-
ies, the parents expressed anxiety |lest the reduced benefit
fromthe hearing aid should influence schol astic achi eve-
ment and long termhabilitation goals. The child was

advi sed i medi ate reduction of the aid's MPO from 135dB
to 125dB without altering the gain curve. At the sane
time the parents were advised systematic alteration of

the aid fromear to insure that neither ear accepted
over-stinmulation for long periods of tinme and to

initiate auditory training in the previously unexploit-

ed right ear.

Itakura et al. (1978) observed some children

wearing ai ds show ng aggravation of hearing | oss. Factors

reported by Itakura et al. for hearing deterioration



wer e:

1. Resulted fromgain even |ess than 40dB.

2. Happened soon after hearing aids are
changed.

3. CGccured not only in ears with the aid, but
also in the opposite ears. \Wen aggravation
occured, discontinuation of hearing aids was
not found to be of nuch hel p.

Hef fernan and Simmons in 1979 have questi oned
t he possible rel ationshi ps between hearing aid use and
tenporary increase is sensory neural loss in children.
They have given case illustrations of two cases with
tenporary increases in sensorineural hearing loss follow
ing hearing aid use and denonstrate the need for a specific
appoi ntnent schedule with children followi ng hearing aid
reconmmendation, both to assist during the adjustnent
periods with new hearing aids, and also to nonitor hearing
threshold levels in order to assure that no decrease on
hearing acuity occurs. |In each case, initial hearing
eval uations denonstrated bilaterally symretrical sensory-
neural hearing |oss, probably congenital in origin.
Only one ear was initially anplified but hearing thresholds

were nonitored in both ears to determ ne the stability of
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threshold response in the unanplified ear. I n addi tion,
both children were exam ned by an otol ogist to rul e out

the presence of m ddl e ear disorders.

Case 1 (HT) was evaluated at the age five years four

nont hs. QO ol ogi ¢ and audi ol ogi ¢ assessnment was done to
rule out hearing loss as a contributing factor to his

| anguage del ay and articul ation aquisition problems. No
m ddl e ear pathol ogy was evidenced and results of initial
hearing eval uation using play audionetry, revealed a
symmetrical bilateral hearing | oss, of noderate degree.

It was sensoryneural hearing |oss of congenital origin.

Ri ght ear was, based on subjective clinical inpressions,
selected for initial trial with amplification. Since
hearing thresholds were essentially equal bilaterally,
goal was to fit binaural anplification. The body type
hearing aid had HAIC gain of 45dB and maxi num power out put
of 125dB. Speech test suggested that it provi ded adequate
gain for his communication needs, after a followup i.e

at seventh nonth of hearing aid fitting, his air conduc-
tion and bone conduction threshold in the unaided ear

was stable. In contrast, both air and bone conducted
thresholds in the hearing aid ear decreased in acuity

significantly. Air conduction thresholds dropped from
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5 to 25dB and there was no response to bone conducted
stimuli at any frequency. Actual MPO showed a peak of
135dB. There were no ENT probl ens associated to explain
the threshold shift. To determne if the | oss was tenpo-

rary or pernanent,

1. The case was asked not to wear hearing aid
for 14 days.

2. No auditory training instrunents were used
I n the cl assroons.

3. Repeating puretone testing at the end of
two week peri od.

The results indicated that hearing in the
aided ear returned to initial level denonstrating a
reversible, thus tenporary hearing | oss. So, he was
asked to wear an aid with HAIC gain of 32dB and MPO of
115dB, whi ch showed no threshold shift in foll owp

st udi es.

Case 2. (M) was initially evaluated at 4 year 4 nonths,
ot oscopy revealed no m ddl e ear pathology. The first
hearing test depicted a bilateral hearing loss, mld to
noderate in degree. D agnosis was sensory neural hear-

ing loss of congenital origin. A body type aid with
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HAI C gai n 45dB and MPO of 125dB was fitted to his left
ear. After one year, the hearing thresholds in the ear
wi t hout anplification had remained stable. In contrast,
ai ded ear had decreased significantly in the auditory
acuity (shift ranging from20dB to 35dB). It was
necessary to determne if the threshold shift was tenpo-

rary or pernmanent.

1. Not to wear hearing aid for 14 days.

2. NO auditory training instruments were
to be used in the classroomor during
speech therapy.

3. Repeating audionetry after two weeks.

The tnreshol ds obtained two weeks |ater showed
that air conduction thresholds in the aided ear had
i nproved significantly to within 10dB of origina
t hreshol ds. A postaural instrunment of MPO 108dB and
HAI C gain of 33 dB was recomended to him which showed

no deterioration of hearing during foll owups.

So, the data showed rel ati onship between hear-
ing aid anplification use and increased SN hearing | oss.
This increased |oss was tenporary in nature and its

reversibility depended upon the discontinuing of hearing
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aid use. Inthis study, the actual causative factor

for the increase in hearing | oss could not be pinpoint-
ed since variabl es such as exposure duration and vol une
setting were not controlled. However when hearing aids
of different MPOwere used, hearing loss did not in-
crease. Therefore the threshold shift appear to be
related to MPOof the hearing aid, a finding consistent
with others. Heffernan and Si mmons suggested MPO to be
limted to 132dB in severe losses and in mld and/or
noder at e cases, 120dB or | ess. The frequencies to show

| argest shifts were 1000 and 2000HZ. Theref ore what ever
factor or factors conbine to cause threshold shift, the
pattern does not resenble that of prol onged noi se exposure
with a 4000 HZ shift. They also recomrend that since
hearing ai d use causes increase in the hearing | oss, the
initial introduction of anplification should be al ways
nonaural . |f subsequent testing for three nonths reveal s
no change in hearing, then the recommendations can be
made for binaural anplification. e cannot assune

that because hearing loss is symetrical, the ear responds
in the sane nmanner to the anplification. So, whenever
possi bl e and appl i cabl e, binaural anplification nust be

provided with caution. In accordance with other authors,



t hey suggest routine followps

1

ai d user

aut hors

1

Check of performance with new hearing
aid within 30 days of purchase.

El ectroacoustic anal ysis of new hear -
ing aid within 30 days of purchase.

Mont hly appoi ntments thereafter to
noni tor hearing thresholds until hear-
ing levels stabilized for atleast 3
nont hs.

Reeval uati on atl east three nonths for
next year.

Annual ot ol ogi ¢ and audi ol ogi ¢ reeval ua-
tions.

For further investigation of TTS in hearing
using larger population, and nore controls the

give the follow ng procedure.

If a decrease in hearing threshold |evels
is observed followi ng hearing aid use,
auditory "rest" is indicated, with total
cessation of hearing aid use in the affect
ed ear.

Auditory stability to be nonitored until
stability is noted.

The same aid nust be tried again in the
same ear and auditory thresholds shoul d
be nonitored.

I f again decrease is observed, a substanti al
rel ati onship can be inferred between hearing
aid use, duration of daily exposure and in-
tensity level of anplification should be
speci fied and controll ed.
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Kittel and Axmann (1981) have quoted
Bi esal ski's study (1977) in which he has nenti oned
hearing deterioration attributable to the use of hearing
aid. He examned audi ograns of hearing handi capped
children during the period of 1967-1975 and found that
roughly 35%of children and progressive hearing | oss
bet ween 20dB and 50dB whi ch fell al nost excl usively
within the frequency range from 1000 to 6000HZ. This
alarmng observation raised the foll ow ng questions in

Kittl e and Axmann,

"1. Is there a simlar progressive nature of
heari ng di sturbances anong the pupils of
school for the deaf and hard of hearing
who are under nedi cal care?

2. |Is such a progression nost likely attri -
butable to the use of hearing aids or is
rather due to an inexorable fate, despite
the use of aids?

3. If changes in the individual dynamc ranges
are likely to be caused by high electronic
anplification, which is definetely required
in case of residual hearing to obtain auditory
efficiency, is it thento refrain fromusing
super power instrunents to restrict the
val ues tenporarily or to enploy themonly
when speech is to be transmtted or do the



sole auditory inpressions required for
devel opnent of speech rhythm justify
t he use of high sound | evel s?"

To answer these questions, they eval uated
records of residual hearing in 6, 7, 8 and 9 cl asses
of school for the deaf in Nuremberg. Evaluation covered
55 children, 30 girls and 25 boys, and they were selected
because their hearing threshol ds had been determ ned
accurately and the results were repeatedly checked before
they had been fitted with hearing aids. Moreover, these
subj ects were al so using el ectroacoustic hearing instru-
ments daily with relatively high outputs over several
years. Since, children had limted speech at first when
tested, speech audi ograns were not avail able. Therefore,
only the old purchase audi ograns were conpared with new
audi ograns and a neasured val ue tol erance of upto 20dB
was allowed. 11 of the children reveal ed deterioration
at one frequency only. Since no deterioration was
evident at all other frequencies and since in all instan-
ces no deterioration was found in other aided ear, these
11 cases were not anal ysed further. Changes in individual
dynam c ranges with a hearing loss increased from 15 to

50dBin 7 children (13% . The etiology was acquired | oss



in 5 of these cases and hereditary in tw of them
Heriditary factors were assuned to exist if other

menbers of famly suffered from such disorders, with

t he exception of presbycusis. Neither ENT nor inpedence
tests which were carried out furnished in indication that
any of these 7 children suffered froma m ddl e ear disease
at the tine of examination. The deterioration of hearing
threshold in children K, K3 and K5 was within the fre-
guency dependent anplification range of aids. |In K2 and
KA there was only a partial overlap between these ranges
and threshold shift. The deterioration of K6 was outside
the anplification range. The child suffered from scarl et
fever with otitis nmedia at the tine of his hearing
threshold deteriorated. Further nore, his brother was

al so hearing handi capped. The hearing of child K7
deteriorated abruptly in the course of an influenza
infection. Consequently the hearing aid be |ooked upon
as the exclusively cause of hearing deterioration is KA
and K7. As far as K2 and K4 are concerned, aid could not
be regarded as exclusively responsible either, since,

al so frequencies outside the range of influence of hear-
ing aids used were involved. As the nother of the child

K3 also suffered froma severe hearing inpairenent, a
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hereditary progressive nature of the disease could not

be excluded, irrespective of burden inposed on the user
by hearing aid. So, only in K1 and K5 out of 7 children,
hearing aid produced pressures could be primarily seen as
t he cause of threshold deterioration. In KlI, hearing
deterioration was observed only in one ear even though
the sane aid was worn in both ears. Consequently, only
in KS, hearing deterioration was nost |ikely due to the
use of aid. Evenin 7 children, with clear threshold
deterioration alnost invariably nore likely causes were
found atl east contributory to progressive nature of de-
terioration of hearing. Although the children exam ned
furni shed no concl usive evidence of instrunment caused

t hreshol d deterioration, one would neverthel ess draw
attention to the possibility of hearing induced damage
in case of high or relatively excessive output |evels,
especi ally when deterioration factors, independent of
aid, are present. Kittle and Armann suggest to consi der
the possibility when deteriorati on devel ops i nconbi na-
tion with intercurrent otic disease or in case of in-
creased vulnerability. So, in the light of this investi-
gation, it can be assuned that under roughly normal

starting conditions, an inpaired ear is hardly likely to
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be additionally damaged by a correctly fitted hearing aid

and regul ar setting checks.

Jassal (1982) in his article stresses the
urgency of imediate action in seeking nedical interven-
tion and denonstrate the role of audiologist and hearing
ai d di spenser in the managenent of sudden threshold
shift in a hearing aid user. Sudden deafness was
defined as deafness that is rapid in onset, occuring
I nst ant aneously, within few hours or days, possibly
acconpani ed by Tinnitus and Vertigo. Sudden threshold
shift was defined as sudden decrease in hearing sensiti-
vity over a preexisting hearing inpairnent. There are a
nunber of causes for sudden hearing | oss, such as intra-
vascul ar occlusions, ototoxicity, allergy, systemc
di seases tunours, unknown causes, etc. The case reported
by the Jassal was 72 year old female with history of
hearing | oss gradual over a period of 10 years. She began
wearing hearing aid nonaurally earlier and later on anpli -
fication was binaural. One day she had stuffy, funny
feeling in left ear and upon wearing hearing aid, she was
unable to hear clearly. There was clear cut threshold

shift. Lateron it was found that the cause was high
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bl ood sugar |evel and sugar free diet treatnent inproved
her thresholds to preexisting level. |In such a case,

she was advi sed agai nst the use of aid in the invol ved
ear during the recovery process. Because of her reduced
sensitivity stronger aid could not be recommended because
of potentially detrinental effect that would occur in the
event, the patients hearing sensitivity inproved. Any
delay in treatnent woul d have caused pernmanent, irrever-
sible danage. It is of utnost inportance to determ ne
type of hearing | oss, enploying audiol ogic site of

| esion tests, X-rays etc.

Hawki ns (1982) has presented a wel | docunented
case of overanplification in which the conductive, re-
trocochl ear and ot her possible factors of cochl ear
probl ens were rul edout and in which the hearing aid was
set bel ow the user's |oudness disconfort |evels. The
client had cone with the history of nunerous incidents
of congenital famlial hearing | oss, wth grand-nothers,
brot hers, sister and uncl es. The client's | oss was since
chi | dhood and she wore the hearing aid from 1969, only
on her right ear, with a MPOof 131dBSPL. The heari ng
aid was worn from 1969 to 1977 only on the right ear

and the left ear was not aided during that tine. Later
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on in 1977, due to her conplaints about the ineffective-
ness of hearing aid, a nore powerful aid with MPO | 35dB
SPL was recommended to the sanme ear. She had never
conpl ai ned of unconfortabl e | oudness. Hawki ns has nmade
a conparison between thresholds overtinme in the ai ded
and unai ded ear for the evidence of over anplification.

He has assuned that with a bilateral sensorineural
hearing | oss, unilateral progressionis. quite rare

and if it did occur, it would be probably the result

of a conductive or retrocochlear overlay. Exam nations
of her thresholds of hearing acuity from 1971 to 1981
inthe right ear showed drop in the sensitivity, approxi-
mat el y 30-35dB at 250HZ, 40-45dB at 500HZ, 40dB at 1000HZ
35dB at 2000HZ and 25dB+(to the limts of audionmeter) at
4000HZ. In conparison, the only noticeable shifts in
the left ear are approxinately 15dB at 1000HZ and 10dB
at 2000HZ. Though the client had expressed her concern
regarding deterioration of hearing, she was assured that
ai ds do not danmage hearing. Again when she was bot hered
of the experiencing tinnitus and decreased sensitivity
in the right ear only after listening to very |oud dance,
she was advi sed by the otol ogist to avoid the intake of

al cohols, cigar6t.es and |oud noi se exposures. No con-
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sideration for lowering MPOwas gi ven. Hawkins gives
two reasons for having not considered overanplification

as the possi bl e cause of additional hearing |oss.

1. Inearly 1970's hearing aids were | ess
power f ul .

2. The client was receiving services from
two different sources and as a result,
nei t her book full responsibility for
her continued nonitering and care.

In 1981, she had never to profound | oss in
right ear and mld to noderate loss in her left ear.
She was recommended to wear a hearing aid of MPO
115dBSPL in her left ear and right ear was of little
benefit, if aided, but, she wore an aid w th MPO of
124dBSPL. This report serves as a continuing rem nder
that hearing aids can cause further danage to auditory
mechani sm Hawki ns enphasi ses the need for cl ose noni -
toring of hearing thresholds in all hearing aid users.
He al so stresses the need for providers of audi ol ogi cal
services to define clearly for the clients what followp

procedures are necessary and why they are inportant.



CHAPTER - V



STUD ES WH CH SHOWN THAT
HEAR NG Al DS DO NOT DANVACGE HEARI NG

Berry (1939) concluded that the use of a
hearing aid tends to increase rather than decrease
acoustic intelligence. D suse of any function en-
courages its atroptry, stinmulating the ears does not
| nprove our threshol d perfornmance, but it does nmake

our acoustic perception keener.

Hol ngren (1940) strongly suggested that in
hi s experience anplification through hearing aids never
adversely affected the residual hearing of children and
he went on to say that in nmany cases the use of a hear-

ing aid had an inproving effect on the hearing.

Mirray (1951) selected a group of people
whose deaf ness was due to maternal rubella and he foll ow
ed themup for a period of five years. Al were using
nmonaural aids with MPO 130dB SPL. He found changes in
hearing acuity in aided ear of these children were

simlar on average to those of their unaided ear.
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Naut on (1957) reviewed the records of 1480
hearing inpaired individuals who had been fitted with
Medresco hearing aids, instrunments issued by British
Governnent at that tinme. A total of 120 patients
returned to clinics for audiol ogic reeval uation and
constituted a basis for the conclusion that apparently
no significant changes in auditory sensitivity occured
as a result of hearing aid use. H's data included etio-
| ogy of | oss, age of the case, period of the hearing aid
use, and hours/days of use. Non using ear was the
control and he observed relative shifts in the aided
ear. The acoustic characteristics of Medresco hearing
ai ds were not specified? nor were the extent and eti ol o-
gies of |losses specified. It was noted that an unspeci -
fied portion of finally selected sanpl e was descri bed as
experienci ng conductive pat hol ogi es, a fact whi ch had
consi derabl e influence on the overall results of the

I nvestigati on.

Wietnal | (1964) presented the case of two
siblings, agirl of four, who after using a hearing aid
for 1% years showed sone deterioration and her brother

who showed nore severe hearing deterioration than his
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sister inspite of the fact that he never used a hear-
ing aid. Wetnall stated that "the progressive deaf -

ness was clearly famlial".

Wietnal | states that there is no evidence of
acoustic trauna due to a hearing aid, and indeed it coul d
not happen. Acoustic trauma results fromlong exposure
to continuous noise at a high level of intensity or
froma sudden expl osion. Speech sounds, even with the
powerful hearing aid are never delivered at an intensity
of 100dB in normal deaf child continuously. Speech
sounds are not a continuous sound but are changing in
intensity fromtime to tine along with frequency. Inter-
mttent |ouder bursts of sound such as gunfire will also
cause acoustic trauma, but a child is rarely exposed to

this risk. Hence, neither of the condition which causes

acoustic trauna i s present.

Barr and wedenberg (1965) investigated

1. The progressiveness of hearing |oss in
children with different etiol ogica
categori es.

2. The effect of hearing aid usage on
pr ogr essi veness.



They separated the children as

1. Exogenous deaf ness and

2. Endogenous deaf ness.

84 children with bilateral perceptive deaf ness were
sel ected out of which 44 children were wi t h exogenous

deaf ness.

1. 23 children with hearing | oss due to
mat ernal rubel | a observed over a period
of 5to 11 years.

2. 15 children with perinatal accidents
observed over a period of 5 to 10 years.

3. 6 childrenwith neningitis observed over
a period of 7 to 10 years.

Endogenous group consi sted of 40 chil dren,
who had hearing | oss because of heriditary factors and
this group was observed over a period of 3 to 15 years.
They observed spontaneous progression in 2 of their
groups, i.e., all the children wth nmeningitis and 22
children with heriditary factors. Exogenous hearing
| mpai rment group did not show nuch progressivity. Even
I f progression is seen in sonme, the nunber was very snall.
This was the finding mainly with maternal rubella and

peri natal accident group. The meningitic group showed



progression with or wthout streptomnmycin treatnent

and the authors Barr and Wedenberg considered it as
spont aneous rather than a result of anplification.

Al t hough 50% of the endogenous group denonstrated in-
creased | oss these increases were al so considered spon-
taneous. The conditions of hearing aid use were not
specified nor were the nunber of nonaural vs. binaural
fittings. The acoustic characteristics were stated as
follows, "Mst hearing aids had an MPO of |ess than
13QdB SPL, and no aid exceeded an MPO of 138dB SPL".
They concluded that the progressive |oss was probably
due to the constant use of hearing aids. They also
stated that for those children who showed progressive
deterioration, progressivity was the sane or sonetines
even greater in the unaided ear than in the hearing aided

ear.

In 1968, Bellefleur and Vandyke made an attenpt

to explain the deterioration of hearing

1. By etiology.

2. By aid usage.

They conducted the investigation because of

the conflicting evidence presented by many aut hors.
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75 subjects were selected for whom good audi onetric
data were available for 8 to 10 years period. (1953-1964).
The sel ection process was done wi th children having

I nstrunents whi ch were of sanme manufacturer and node
type. Initially 75 were selected for whomgood audi o-
netric data was available for 8 to 10 years period

(1953-1964). Recorded infornations were

1. PTAin each ear for 125-500HZ and for
500- 4KHZ

2. Make, nodel and data of purchase of aid.

3. Type of fitting (ear, V/Y cord) (4)
etiol ogy of |oss.

Met hod was to substract PTA of initial from
final for each ear. Ear differences were determned by
subtracting average for the unai ded ear from average of
aided ear. After this procedure, actual subjects were

sel ected who net the following criteria:

1. Hearing aid were always used is the sane ear

2. The paid worn at the tine of final audi ogram
was of the same nanufacture and power cl assi-
fication as on initial audi ogram

3. They could be studied 8-10 years.



25 children were selected and cl assified
as known group. Citeria 2/3 could be net, but aided
ear was not determnable in 33, classified as unknown
group. Rermaining 18 were rejected. For known group,
unai ded ear was used as control. It was hypot hesi zed
that if high gain anplification had adverse effect, it
woul d be apparent from an anal ysis conputed by subtracting
total threshold shift in aided ear fromthreshold shift
I n unaided. Any significant difference would indicate
anplification effect. Three way anal ysis was used to
eval uat e exogenous and endogenous factors. Whol e data
was anal ysed to determ ne whether as a group, there was
significant ear to ear deviation in recorded puretone

I nf ormati on.

Anal ysi s of variance was not significant at
1% evel of known group. Conparison between ai ded and
unai ded ear for frequencies 125-500HZ or 500-4000HZ
showed no significant change. Conparison of exogenous
and endogenous al so showed no significant effect. Man
initial and final test indicated that threshold shift
under all conditions was extrenely snall. It is note-
wort hy that whet her conparison of neans over all fre-

quencies included in the study (125-4000HZ) or only
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t hose of speech frequenci es (500-2000HZ) the greatest

di fference between aided and unai ded was | ess than

0.5 dB. It was inpossible to predict an ear difference
i n unknown group indicating that no threshold shift
occured or that both aided and unai ded ears shifted
equal ly. The findings of this study agree wi th Naun-
ton's (1957) view that hearing aids with high gain have
little effect atleast on the popul ation of childrenwth

severe | o0ss.

Mar ki des (1971) comments "There is no doubt
that exposure to high intensity sounds for a prol onged
peri od causes damage of hearing nmechanism in the sane
way use of powerful aids can cause further damage to the
heari ng of people suffering fromsensory neural hearing
| oss”. Markides opinionis that many a tinmes it i s not
the case, very young deaf children react nost unfavourably
to excessively loud sounds and they soon devel op ingeni ous
ways of dealing with such situations. He says that
evi dences so far presented consists of a series of
statements based onpoorl|y designed experiments or
| nadequat e studies. Markides points out that K nney

(1961) has not taken etiology into consideration and



and that the deterioration of hearing observed in his
subj ects could be due to spontaneous progressivity
resulting from pathol ogy of deafness and or fromtreat-
ment rather than hearing aid usage. Further, Markidds
feels that Kinneys assertion that some of his subjects,
were using hearing aids with MPO of 146dB SPL nay be an

exggeration.

Mar ki des (1971) has critically evaluated sone
studies in the follow ng manner: Macrae's (1965, 1968)
were carried out without any serious control over experi-
mental procedures. Tester differences environnental
vari ables are not taken into account. Moller and Rojs-
kj aer have used a |arge nunber of elderly people. Hearing
deterioration could have been due to presbycusis rather
than hearing aids. Macrae's experinents regarding TTS
were carried out with only 4 children and definitely
it is a smll sanple to conclude anything. Ross and
Treux (1965) and Ross and Lerman (1967) related hearing
deterioration to MPO 130-139dBSPL. But, it is well known
t hat manufacturers figure supplied can be notoriously
unreliable. These authors failed to carryout their

own nmeasurenments with the aids used. Again it is



difficult to accept the reported isolated cases as

strong evidence. The hearing deterioration observed

in these cases could have been brought about by a

natural progressivity relating to pathol ogy of deafness
and/ or infectious diseases suffered after the aid was

i ssued. On the other hand, Markides discusses, those
authors who failed to find deterioration are not alto-
get her water proof. For exanple, 60%of Naunton's (1957)
subjects were suffering from conductive or m xed deaf ness.
These are the persons for whomthere is less |ikelihood
of acoustic trauma. O the 22 children who showed pro-
gressive hearing loss in endogenous group of Barr and
Wedenberg (1965) only two of themwere regular aid

users. Also the MPO of hearing aids used by the subjects
included in the sides of Naunton (1957) Murray (1951)
Barr and Wedenberg (1965), Bellefluer and Van Dyke

(1968) and Roberts (1970) may not be great enough to

cause traunm.

From t he above evidence it is very difficult
to deci de whether the use of hearing aids does or does
not cause further deterioration to an already inpaired
mechani sm of hearing. dinically one nust presune that

what is possible may be probable and take appropriate



renedial steps. This justifies the provision of inform
ed gui dance and speci al i sed supervision to hearing aid
users, especially children, and it al so poses the question
"desirable MPO' of hearing aids. Watson (1967) stated
that "an aid nust be provided for the deaf which can give
a sufficiently high level of output to enable the pupils
to hear speech at adequate |evels above their threshol ds.
Such levels are considered to be not |ess than 20dB and
preverably 30dB or nore. This requirenent is subject to
maxi mum | evel which an ear can tol erate w thout physio-

| ogi cal damage, usually of 130-135dB. It should be al so
stressed that this requirement nust be nmet when the

inpur to the aid is not nore than 65dB*. It is rather
difficult to specify regarding clear cut MPO of wearabl e
ai ds, indeed such a question can only be answered on an

i ndi vidual basis. Extra care is needed in persons where
t he | oudness di sconfort |evel of these persons is above
the audionetric limts. According to Coles (1971)
persons with severe sensory |esions devel op secondary
neural degeneration and these are people who are quite
likely to tol erate excessive levels danaging to their

hair cells.



Mar ki des concl udes that there does not yet
appear to be any concl usive scientific evidence that
powerful hearing aids do or do not have a del eterious
effect on user's residual hearing. Enough evidence
has been presented to justify a cautious attitude when
recomrendi ng such aids. Markides opinion is that when
powerful aids are needed, it is better to wear themrather
t han deny auditory experience to deaf, especially children.
It is wise not to use such aids binaurally unless they are
with AVCs. \Wierever applicable alternative use of the
ears is recomended, thus providing periodic rest for
each ear, or atleast, reducing total energy inpinging
on each ear over a period of tine and thus reducing the
rate of any hearing deterioration. Markides recomends
nore research in variables, such as kind and pattern of
hearing | oss, cause of deafness, MPO of the aids, actual
hearing aid setting for each person, length of tinme of
use of hearing aid, guidance given, extent of noise
exposure, calibration of the equipnent used to test
hearing, testing environnment and tester differences,
etc. This of course would be a long term study and the
variables are too difficult to control and eval uate.

Periodic cross over of hearing aid fromone ear to other
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as a neans of studying persistent threshold shift and
long term recovery may be enployed as anot her met hod

of researching this topic.

Hi ne and Furness (1975) exam ned the annua
pur et one audi ograns of 21 children, 5-9 years, in school
for partially hearing where comunication neans is oral
and enphasis on use of aid. Audiograns repeated were
anal ysed for variability by analysis of variance and for
trend by sign test. No cases of satistically significant
deterioration of threshold were found. They concl uded
that regular use of aid does not damage residual hearing
in any children. One third of them showed statistically
significant inprovement was reflected on enhanced ability

to attend to auditory signals.

Mar ki des (1976) reported on a |ongitudina
study into the effects of hearing aid anplification on
resi dual hearing of four groups of hearing inpaired
children. After testing the hearing levels of the
children at the mai n audi onetric frequencies of 500 to

4000HZ both at the beginning of the investigation and
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at subsequent 6 nonthly intervals over a period of 3
years, he reported that the hearing acuity of the
hearing ai ded ears of children showed slight inprove-
ment during the investigation, while the hearing

acuity of their unaided ears showed slight deteriora-
tionin all frequencies tested. These results were in
contrary to the findings and beliefs of a considerable
nunber of workers in this field but, they were basically
of good agreenent with findings and beliefs of a list of

contributors (Markides 1971).

Dar byshire (1976) did a study on the use of
hi gh power hearing aids by children with narked degree
of deafness and the possibility of deterioration in
hearing. 100 children of 3%to 12 years w th nmedi um
age of 7.3 years when first tetsted, 6.7 years and 15.2
years when retested wi th nedi an age of 10.11 years.
Al were students of the same school tested in the sane
acoustic environnent. Al of themhad nmarked hearing
| oss. The subjects on whomdata were presented were the
first hundred hearing aid users on whom tests and retests
could be carried out with an interval of 2 years between

them The hearing | osses were in excess of 60dB when



average puretone threshold of better ear was cal cul ated
for mddl e/ speech frequencies. The frequency range for
testing was from 250 to 8000HZ wi t h audi onet ers havi ng
maxi mum out put of 130dB. The |ongest interval to el apse
bet ween was 3 years 2 nonths and the shortest was 2 years
9 nont hs. Conparisons between threshol ds were not nmade
when no responses were obtained at any frequency at ei t her
test/retest stage. Mbst of themwere wearing body type
hearing aid and nost of them al so changed ai ds atl east
once between recorded tests. None was fitted with HAIC
gain |l ess than 50dB and maxi mum HAl C gai n was | ess than
100dB. At the tinme of first series of tests all the
children had body worn ai ds, but when second series was
carried out 20 of 28 were with skislope | osses had been
gi ven behind the ear aids, these being fitted to a total
of 30 ears. Though 45 had two aids at the tine of second
test, only 10 had themat the time of first test. No
child having two aids for |less than one year was cl assi -
fied as binaural fitting in the results. These clear

trends were shown in the data

1. There was no evi dence that the wearing
of aids caused deterioration of hearing.



frequenci es, greatest at 4000HZ was
seen. Conparing the recorded deterio-
ration and inprovenents did not yield
satistically significant results with
all frequencies or at any one frequency.

It was possible for himto pick up 3 major

groups of audiograms in terns of contours.

a. Steeply sloping (skislope)
b. Left hand corner

c. Flat

(a) Criteria for skislope was that no puretone readi ngs
above 50dB at 250 to 500HZ and no readi ngs bel ow 70dB

at higher frequencies. Sone inprovenents were relatively
great, the biggest being at 1000HZ, 4.8dB. Change at
4000HZ was 0.4dB and at 8000HZz, 1.2dB.

(b) Children with nost marked hearing | oss were those
with left hand corner audi ograms. Thresholds for a

total of 60 ears which had received anplification were
recorded, none of them having readings better than 75dB

at any |ower frequencies and none having any hi gh readi ngs
at higher frequencies. |Inprovenents were very snall

bi ggest being 2.3dB at 500HZ.



(c) The flat group peopl e had threshol ds which did
not vary by nore than 30dB at any frequency. 28 ears and
an average inprovenent was recorded biggest being 2.3dB

at 1000HZ.

Careful scruting was nmade of the audionetric
data of hearing aid users who were tested on occasi ons
between tests and retests recorded. Relatively few
cases with dramatic inprovenents/deterioration were seen.
26 showed changes, better or worse of 15dB at one/ nore
frequencies. |In marked deterioration upper respiratory
tract infection was often suspected and/ or inpedence
reveal ed mddl e ear pathology. 11 showed changes of
15dB/nore in both ears and the greatest inprovenment was
20dB at 250HZ. Biggest deteriorations recorded at
4000HZ were 15dB. They were unilateral with no deterio-
ration, on the other side. 11 ear deteriorations of
10dB and 17 of 5dB. No evidence was found by himto
suggest that skislope or |eft hand corner types of
hearing | osses were nade in areas nost vital for their
perception of informati on about speech even when the
bi naural fitting were made. 30 wi th nmonaural aids and
no aid in other ear tended to show a slight nean inprove-

ment in the ear with an aid and a slight deterioration in
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the other. None of the recorded inprovenents exceeded

a mean of 20dB over octave frequenci es and none of the
deteriorations nore than 15dB. Mean inprovenent was 7.8dB
and nean deterioration, 4.5dB. No evidence to suggest

that any recorded deterioration were or were not |inked

to highdistortion |evels of aids.

So, data provides evidence that sustained
anplification by means of good fitting individual aids
causes young children to give better responses to pure-
tones after 3 years use and not worse. To certain extent
according to himthis is the function of the inproved
listening skill and the maturation. e is tenpted to
concl ude from cunul ative evidence of ears tested that nost
of the children with narked | osses of hearing benefit from
using two aids. If thisisvalidit is nost probably under-
pinned by the fact that children were fitted with aids
best suited. Darbyshire also cautions to pay nore attention
to possi bl e acoustic trauna. None of themwere clinically ,
significant in this case although there was |ess inprove-
ment at 4000 - 8000HZ, than at other frequencies in sone.
Agai n he suspects that this could be the fact that result

of hearing at these points is less stimulated by the aids
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than at |ower frequencies. He has concluded that there

is no evidence that anplification was harnful to children

wi th marked | osses. The aut hor recomends further

resear ch

on.

1

Wul d a study of simlar nature over a
| onger period, have produced conparable
results?

What is the effect of etiology on the
capacity of children's ears to w thstand
prol onged hearing aid usage and benefit
from amplification?

Wul d ears that were subjected to intensive
mainly bilateral auditory training give
simlar results of those now reported?

Do high distortion |l evels cause tenporary
or permanent threshold shift?

Wul d evident inprovenment in hearing for
puretones shown in this study al so nmanifest
itself in speech discrimnation scores in
cases in which children's |anguage conprehen-
sion | evels enabled these to be obtained in
early years?

Titche et al. in 1977 were interested in find-

ing whether the hearing aids really do damage heari ng?



Over a period of 1965 to 1975, 261 patients were fitted
with the hearing aids at reexamned at various intervals.
Addi tional patients had been fitted, but for various
reasons, did not return for reexam nation and were ex-
cluded fromthis study. The patients were not selected
upon any basis except for the fact that a hearing aid
woul d be of benefit to them No attenpt was nade to
ascertain if there had been any noi se exposure or other
contyamnating variables. The nean age was 55.20 years
and nedi an age of 54.69 years. Mnaural aids were fur-
nished to 261 patients and binaural aids to 14. These
aids varied froma gain of 36dB and 110dB MPOto a gain
of 72dB and 142dB MPO. Al |l the testing was performed by
one person. The tests were conducted in a two room sound
suite. Puretone and speech audionetry was carried on.
Speech reception threshold and di scrimnation scores
were obtained with live voice. Pure tone audionetry was
for frequencies 250HZ to 8000HZ for air conduction and the
sane frequenci es, except for 3000HZ and 8000HZ for bone
conduction. It was presuned that any acoustic trauma that
was produced by the hearing aids, would be shown parti -

cularly at 3000HZ and 4000HZ. (n puretone audi ogram and



by changes in the speech reception thresholds. The
discrimnation scores were not being used in this report
because there are too nmany vari abl es i nfl uenci ng themt hat
It was believed that it would not indicate changes in

heari ng accurately.

The pre aid hearing in the non aided ear was
substracted fromthe hearing in the ear, which was fitted
with hearing aid. At the tine of reexamnation, these
differences were obtained againif the |loss of hearing
In the aided ear and increased nore than in the nonai ded
ear, a positive value and if the reverse occured, a nega-

tive val ue resulted.

1. For entire group tested by air conduction
at 3000HZ there was a nean difference of
+0. 4338dB whi ch was not significant; at
4000HZ there was a nean di fference of
-0. 2797 whi ch was not significant; and
t he SRT showed the nean difference of
+ 0. 3142 whi ch was not significant.

2. For the sensory neural group, at 3000HZ
there was a nean difference of -1.39dB
whi ch was not significant; at 4000HZ
t he nmean di fference was -0.2457dB whi ch
was not significant; and SRT showed nean
difference of -0.16dB, not significant.
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3. For the conductive group, by air conduction
showed a nean difference of + 4.4853B, which
was significant; at 4000HZ nean difference of
- 0.348dB whi ch was not significant; SRT
showed nean difference of + 1.279dB not signi -
ficant. At 2000HZ there was a relative shift
of +2.5dB. The bone conduction tests for this
group showed a relative shift of - 1.3dB at the
2000HZ frequency and QdB shift at 4000HZ.

I n general these results show that the relative
shifts in the entire group and the sensory neural group
were | ess than those reported by Ross and Lernman and
woul d indicate that hearing aid use had no detri nental
effect upon hearing. The patients who had a conductive
conponent in their deaf ness showed an increase in the
| oss of hearing at both 2000HZ and 3000HZ by air conduct -
ion. Titche et al. opinion that the | oss at 3000HZ
woul d seem to indicate evidence of acoustic trauna,
inspite of no increase in bone conduction at 2000HZ
and no significant change at 4000 HZ by either air or
boyne conduction. They do not give any explanation for
this. They felt that there seamed to be little effect
produced by length of use of a hearing aid as far as
deterioration of hearing was concerned, except for those

who used an aid from8 to 9 years. However correlation



between years of use and relative shift at the fre-
guenci es studied was not significant. So, Titche et al.
by stating the imtation that the group was small to
draw any concl usions, state that the prol onged use of
hearing aids, |ike those being worn by patients at the
present tinme, does not increase | oss of hearing in aided

ear.

Mar ki des and Aryee (1978) have given a fol | onp
study of effects of hearing aid anplification on the
user's residual hearing. 4 groups of deaf children, 30
children in each of tne first three groups and 10 in the
fourth group, were taken as subjects. The childrenin
group A (average age at the begi nning of study, 10, 3
years, range 8.5 - 12.6 yrs) were fitted with comerci al
hearing aids with MPOvarying from 130- |36dB SPL and
worn at vol ume settings giving acoustic outputs ranging
from 116 - 127dB SPL and with effective frequency range
from300 to 4000 HZ. The children in group B (average
age at the beginning of study, 9.8 yrs, range 7.9 -

13.2 years) were fitted with commercial hearing aids
wth MPOvarying from 116 - 128dB SPL and worn at

vol une control setting giving acoustic outputs rangi ng



from95-115dB SPL and with effective frequency anpli -
fication from 350 to 4000HZ. The children in group C
(average age, 13.1 years, range 11.4 - 15.4 years) were
not using hearing aids while children in group D (average
age, 10.4 years range 8.7 - 12.9 years) were fitted wth
bi naural hearing aids simlar to those issued to the
children in group B. But in the foll owp study, it

was not possible for themto include all of them ly

18 children fromgroup A, 14 fromgroup B, 15 fromgroup C
8 fromgroup Dwere eventually followed up. The children
fromgroup A and Bwere still wearing the sane hearing
aids that were issued to themat the beginning of investi-
gation. At the end of initial investigation 15 children
fromgroup C, who were not using hearing aids, were given
wi t h nonaural bodyworn ai ds, the sane type as was for
group B, and the 8 children in group D who were previously
using binaural hearing aids were restricted to one hearing
aid during the follow up study, mainly because of economc
reasons. Al the children had bilateral sensory neura

| oss, they were either born deaf or acquired deaf ness
during first fewyears of |life, in nearly half of the
cases cause was unknown and this is mainly due to poor
medi cal care and unreliable case histories. The follow
up study was in the same environnent with sane equi pnents

and audi ol ogi st s.



CHAPTER - VI



The results were conputed in the follow ng
way. The average hearing levels of children at 500,
1000, 2000 and 4000HZ respectively, both at the begi nning
and at the end of initial investigation and at the end of
subsequent follow up year were tabulated in ternms of hear-
ing "aided" ears and hearing "unaided" ears, irrespective
of whether the hearing aid was fitted in the left or
right ear. Mean hearing levels of the children in each
group at each one frequency was tested at the begi nning
and end of the foll owup years, conpared with one another
by using technique of one way anal ysis of variance.
Resulting val ues were snall varying from 1.38 - 3.02.
None of them reached significant values and in view of
this no further statistical treatment of results was
undertaken. It is of interest to note, however that
the initial tendency to "inprovenment"” of hearing in
the aided ears and the tendency to "deterioration" of
the unaided ears in all the frequencies, as noted in
the earlier investigation were also in evidence during
this followup study. It is of interest to note the
results of group Cand D. At the end of the follow up
study, children showed slight "inprovenent" of hearing
in their aided ears in the region of 1 - 3dBin al

frequencies tested whil st their unai ded ears renai ned



the sane in group C The hearing aided ears of children
in group D renained the same in terns of hearing acuity,
whi |l st their unaided ears showed on average a "deterio-

ration" of |-4dBin all frequencies.

So, the results are basically in agreenent
with those obtained previously during initial investiga-
tion and they tend to Ilend additional support to Berry's
(1939) and Hol ngren's (1940) statenents to the effect of
that anplification through hearing aids "tends to increase
rat her, than decrease in acoustic intelligence". But

Titche et al. list sone of the limtations that

1. Children were followed up only for a
limted period of 4 years. A |onger
period may show different effects.

2. The children were using their individual
hearing aids at volune control settings
giving acoustic outputs varying from95 -
127dB SPL. In theoritical assunption,
these | evels may not be strictly rel evant
to the pathol ogi cal hearing nmechani sm
If nmore powerful aids were used, results
woul d have been different.

3. Children were not consistent aid users.
I n average each child was using the aid



3 - 4 hours daily during school hours.
Very few were using during vacations.
This was due to limted nunber of aids
avail able., and limted technica
services avail able at school. More

i ntensi ve use of aids m ght have pro-
duced different results.

4. There is possibility that the use of
powerful hearing aids can effect differ-
entially the various pathol ogi es of deaf-
ness. This proposition could not be
studied in this investigation. However,
the fact remains that children did not
show deterioration of hearing assigned
to hearing aid use in this |ongitudinal
st udy.

Further, again Markides and Aryee (1980)
continued their study on 15 children to study the effects
of hearing aid use on the user's residual hearing. Here
they tried continuing with their previous investigations.
Only 15 children, 12 fromgroup A, 3 fromgroup B could
be tested, because sonme had left the school and sone did
not show consistent hearing aid use to include in the

present study. Average age of these 15 children (9 male
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6 fenal e) at the beginning of original study was 9.7
years. (7.9 to 11.2 years range). Al were using

for 6 years nonaural commercial body worn hearing aids

wi th MPO varying from 116-136dB SPL and worn at vol une
settings giving acoustic outputs ranging from95 - 127dB
SPL and with effective anplification of frequencies from
300 to 4000HZ. hildren were using sanme type and nodel
of hearing aid in sone ear. Al the children had bil a-
teral sensory neural inpairment and they were either
born deaf or acquired hearing loss within first few
years of life. Innore than half of the cases the cause
was unknown, this was mai nly because of poor nedical care
and unreliable case histories cause of remaining 6 were;
2 heredity, 2 nmeningitis, 1 rubella and 1 convul sions
due to malaria. The equi pnents used were in accordance
with previous investigation. Hearing |evels were tested
both at the beginning of the study; at six nonthly
intervals thereafter over a period of 3 years, at the

end of fourth year and at the end of sixth year.

The results indicated that the average hearing
| evel s of children at 500, 1000, 2000 and 4000HZ respec-

tively both at the beginning of the investigation and at



t he subsequent testing intervals over a period of 6
years were tabulated in terns of hearing "aided" ears
and hearing "unaided" ears irrespective of whether the
aid was fitted to left or right ear. One way analysis
of variance was used to conpare the ear differences at
each frequencies. Resulted values were small from0.95
to 2.93. None reached a significant value. It is was
found that the initial tendency to "inprovenent" of
hearing aided ears and the initial tendency to "deterio-
ration" of wunaided ears in all frequencies were al so
evident in this study as was in previous study (Markides
1976); Markides and Aryee 1978). Again the hearing in

t he hearing aided ear of children on average showed an
initial "inprovenent"” of 2-3dBin first 12 nont hs, on

t he whol e was, maintained over the rest of the experi-
mental period. The hearing in the unaided ear of
children on average showed an initial "deterioration"

of 2-3dB in hearing which was again maintained for rest

of the period.

So, the result support Berry's (1939) study.

But Mar ki des and Aryee suggest to renenber that

1. Children were of average intelligence.
There may exist a group of children with
subnormal intelligence who may show di fferent



results, no overt action to |oudest
sounds, etc. They feel that the other
group whi ch may have del eterious effects
from powerful aid use are the children
suffering from progressive hearing |oss
and wherein a hearing aid may have acce-
lerating effects on hearing deteriora-
tion. They also question, in this case,
would it not be advisable to use the
residual hearing of each children to
maxi num before gradual deterioration
interferes with whatever residual hearing
they may possess? But, there may be a
possibility that use of powerful hearing
aid can cause differential affects on
vari ous pathol ogi es of deafness.

2. The children in the investigation used
MPO 95-127dB SPL. If nore powerful
hearing aids were used, different results
woul d have got.

3. The children were not consistent hearing
aid users. On average each one used aid
3 - 4 hours daily. Mre intensive use
may produce different effects.

Kat herine (1981) holds a sanple of 20 children
nonitored for progressive hearing |oss conbined with 25

progressive | oss cases. The effect of hearing aid use
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on progressive |oss were examned in context of etiology
and period of progression. The criterion adopted was
decrenment of 15dB or greater for atleast two frequencies
in one ear. Progression was greater at 1K and 2KHZ than
4KHZ. Mean peaks gain used by 45 progressive subjects
was 62.2dB and peak 5SPL was 130.2dB SPL. |In nonpro-
gressive it was 62dB and 129.5dB SPL. Results of the study
showed a limted role played by aids on the progressive
hearing loss. In 31 (69% of the 45 cases use of hearing
aid was not inplicated questionable in 9 (11% and inpli-
cated in 5 (119% . So, Katherine has concluded that in
nonitoring the progressive |oss cases, it is unwise to
conclude that hearing aid use is cause of deterioration
wi t hout considering all plausible factors. However, she
suggests incentive to | ook beyond hearing aid is provided
by a | arge nunber of possible etiological factors asso-
ciated with progressive loss. Eg: 10 had, in her study
progressive bilateral sensory neural hearing |oss even
after wearing the aid to only one ear. So, irrespective
of hearing aid usage, progressive hearing |oss is not
uncommon in children and conmunicati on between parents,
audi ol ogi sts and other professionals is crucial for

managenent. \Wen etiology is unknown, genetic counseling



and | aboratory studies are done to determ ne cause of |o0ss
and possibility of future progression (proctor 1977)

Kat heri ne has al so said about the difficulty in deciding
upon safe SSPL that this can be appreciated in conjunction
with differences in inherent susceptibilities, etiologies
and other factors. Rintelmnn and Bess (1977), Hefferman
and Sinmons (1979) believe that SSPL of 120dB or |ess woul d
be a reasonable limting level with mld and noderate |oss
cases. For nore severe |oss cases, level |ess than 130dB
is suggested by Ross and Lerman (1976). None of the

aut hors have specified standards for SSPL neasurenents

nor did they distinguish between average and peak SSPLs.
Recently defined SSPL 90 (Kastern 1978) would be appro-
priate, barring extreme peaks. Although Ri ntelman and
Ross (1977) cited evidence suggesting that children with
prof ound hearing |oss may be able to tolerate high levels
of acoustic output w thout experiencing threshold shifts,

t hey recommended extrene care with SSPLs approaching

130dB SPL. O her safegaurds such as nonaural, alternative
use and AVCs are appropriate. Close auditory nonitoring
is essential. In individual cases desirability to provide
best anplification nust be carefully balanced in context of

possi bl e damage from aid use.
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DI SCUSSI ON

There does not yet appear to be any concl usive
evi dence that powerful hearing aids do or do not have a
detrinental effect on listener's residual hearing. Many

vari abl es such as

1. Hearing loss, its severity and type; the
cause of hearing |oss; individuals suscepti-
bility and tol erance;

2. Factors within the aid such as maxi mrum power
out put; the presence of noise within the
hearing aid; performance of aid over tine;

3. Nunber of hours of aid usage; type and
extent of noise exposure, etc. are the
i nportant ones to be considered to draw

any concl usive renmarks.

Most of the studies have selected children as
subj ects on the grounds that adults are nore likely to be
exposed to contam nating variabl es such as, presbycusis,
and industrial noise hazards are generally less likely to

be available for regular testing. But, there are serious



pitfalls of using children as subjects. Many young
children tend to suffer froma fluctuating hearing |oss
as a consequence of episodic respiratory infections.

Chil dren attending schools for the deaf, noreover, are
likely to receive high level anplification fromauditory
training equi pnents, and group aids. These systens
provi de binaural stinulation. It would seem that | ack
of correspondence anong vari ous studies m ght be due in
part to nethodological difficulties inherent in the use
of children as subjects. Children as a rule cannot give
i nformati on about exposure durations, volunme control
settings and tenporary threshold shift, all of which

m ght be relevant to the problem

Above all it is often necessary to fit a hear-
ing aid on a young child before obtaining an accurate
assessnent of residual hearing. In such a case, if the
hearing aid should have any detrinental effect, children
may still be unaware of such additional permanent decre-

ments in the auditory sensitivity.

Even with the know edge of such harnful effects,

hearing aids have to be fitted as early as possible,
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STUDI ES WH CH | NDI CATE THAT HEAR NG Al D DANVAGES HEARI NG

DETER CRA-

AUTHCRS OF THE  \zpp  NOOF  NO_AFFEE MPOGF TroN OF

STUDI ES PERSONS ~ CTED ADS  LEARNG IN
dBs
?
Ki nney 1953 8800 16 ?
Hardford & Markle 1955 1 1 ? ?
Hol l er & Raj skjaer 1960 390 9 120 ?
Ki nney 1961 178 41 ? 0.25
Sat al of f 1961 1 1 ? 20
Ross & Trevx 1965 2 2 139 25- 35
Macrae & Farrant 1968 27 ? 121-126 9.6-11.2
Ross & Lexman 1968 18 9 130 1.2-9.4
Macrae s 4 4 130 4.5
Macr ae 1968 32 ? 115- 117 4.2
40 ? 117-119 3.9
38 ? 120- 124 8.1
24 ? 125- 130 8.6
Roberts 1970 278 16 ? ?
Eastern & Bravlin 1970 1 1 120 ?
o aneand 1974 1 1 ? ?
Jer ger 1975 1 1 135 2
Heffernan & Simmons 1979 2 2 125 5-35
Kittle & Axmann 1981 55 7 ? ?
Jassal 1981 1 1 7 o
Hawki ns 1982 1 1 135 20- 45
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STUD ES VA CH | NDI CATE THAT HEARI NG Al D DCESNOT DAVAGE HEAR NG

AR T YER gRieCrs eCreD. A DS ?R%rrfgf
Hol ngr en 1940 ?
Mir r ay 1951 ? 130
Naunt on 1957 120 126
Whet nal | 1964 9 ?
Barr & Wdenberg 1965 84 130
Bel l ef |l eur &
Vandyke 1968 58 ?
Hi ne & Furness 1975 21 ?
Mar ki des 1976 100 116- 136
Dar byshire 1976 100 130 4.4
Titche et. al 1977 261 110- 142 0.3
Mar ki des & Aryee 1978 955 116- 136 1.38 to 3.02
Mar ki des & Aryee 1980 15 95-127 .95 to 2.93
Kat heri ne 1981 25 62- 130
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On the theoretical grounds, the anplification
| evel s and exposure durations that many deaf children
sustain in daily hearing aid usage appear to carry a risk
simlar to that of a very noisy industrial plant; yet
research has not always shown that this type of exposure
is dangerous for all deaf children. Presumably, children
are nost likely to derive comunicative benefit fromthe
use of aid and hence, nost likely to use it persistently
at a level that will conpensate optinmally for their hearing
i npairnment. So, hearing aids are not intrinsically
dangerous. They can damage hearing only when they deliver
sounds hi gh enough to have permanent threshold shifts.
It is well known that many severely deafened children wear
aids without benefit and presumably w thout harm  More-
over not all ears that sustain tenporary threshold shift
from overstimul ati on devel op permanent threshold shift.
TTS is necessary, though not a sufficient condition in the
generation of PTs. Several reports have shown that TTs
returns to preanplification |evel once the instrunent is
renoved (Macrae 1968, Kastern and Braulin 1970, Satal off
1961 etc.). This absence of information about the relative
suceptibility of children to acoustic injury and noise
i nduced hearing | oss; as well as absence of definitive
i nformation about the effects of noise on diseased or
previously injured cochleas has inplifications to clinica

met hods and research needs.
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CONCLUSI ONS AND RECOMVENDATI ONS

The literature on possible destruction of residua
hearing through the use of powerful aids does not permt
from conclusions in either of the direction, but it does
contain sufficient evidence to show that sone sustain
tenmporary or presunably permanent threshold dimnution
as a result of protected use of powerful instruments.

Ei ther of the events have serious consequence on' the
individual. So, in this case, the presence of evidence
does not nean evi dence of presence. No individual should
be deprived of the benefits he ought to receive because
of the fear of risk of further handicap. Once the

followi ng guidelines are followed, the aid need not be

deni ed.

1. Detailed understanding of individuals
hearing: type and anount of | oss, site
of pathol ogy, etiology of |oss, onset
of loss, progressivity of susceptibility
to NIHL, tolerance level, and the tine
of consultation.

2. Analysis of the need for the aid and its
usef ul ness.



3. Accurate el ectroacoustic neasurenent of
hearing aid its gain, SSPL, MPO, distortion
| evel and inherent noise (all nmust be within
acceptable limt, with a note of make and
nodel of the aid).

After establishing these baselines, care nmust be
taken to recheck these factors periodically. Careful and
regul ar audi onetric checkups indicate the possible damage
to certain extent, if any, by conparing the results of

preai ded ear to post aided ear.

Even if progressive loss is attributable to aid
usage, it has to be nonitored by adjustnents in MPO, alter-
nating use of ears or reducing the length of wearing tines

to reduce the exposure.

Since there is a possibility of |oss of hearing
with aid usage, at first, nonaural fitting with frequent
noni toring nust be done and only later, if no harm detected,
the binaural fitting to be recomended. Due caution and
consi deration has to be taken while recommendi ng bi naura
anplification. One cannot assune that two ears behave

in the sane manner if they have symmetrical |loss. As far



as possi ble those who use powerful aids nmust wear hear-

ing aid at mninmum setting of volunme control.

Check the performance of the aid after
fitting within 30 days.

=

2. Electroacoustic analysis of aid within
30 days.

3. Monthly appointnents for at |east 3 nonths.

4. Reevaluation for every 3 nonths in the foll ow
ing ear.

5. Annual otol ogi c and audi ol ogi ¢ check up.

Along with these careful considerations, the
user nust be made aware of the facts regarding the pain
threshold. This is especially must with parents of

small children. (VWyasamurthy. M N 1981).

In 1977 Food and Drug administration went into
effect, regulating professional and |abeling requirenments
and conditions for the sale of hearing aids. |In accordance,
t he hearing aid dispenser should advice the user to consult

a physician if any of the follow ng conditions do exist:

1. Visible congenital traumatic deformty
of the ear.

2. History of active drainage within previous
90 days.
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3. Hstory of sudden or rapidly progressing
hearing |1 oss within previous 90 days.
4. Acute or chronic dizziness.

5. Unilateral |oss of sudden or recurrent,
onset w thin previous 90 days.

6. Audionetric a - b gap of nore than or
equal to 15dB at 500, 100 and 2000HZ.

7. Visible evidence of cerunen accurnul ation
or foreign body in the canal.

8. Pain or disconfort in the ear.

So, the frequent and regul ar auditory noni -
toring is of utnost inportance in the rehabilitative too
of hearing inpaired, as does the correct and best fitting
aid, with the "individual" in consideration. Qur aid
shoul d be to provide the benefits of anplification, wth

the further trauma due to aid use m ni m zed.
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