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INTRODUCTION

The function of a hearing aid is to anplify sound to a
required degree and in a manner that will enable a hearing
inpaired person to utilise his residual Hearing in an

ef fective nanner.

Perhaps the first anplification system to be used was
the hand cosnetically but providing a significant anount of
anplification. Next in the order of invention case the
acoustic anplifiers such as horns, speaking tubes etc. These
were followed by carbon hearing aids which were based on t he
principles of telephone. Vaccum tube hearing aids appeared
in about 1938 and offered much greater anplification.
possibilities, wder frequency response and |ower harnonic
di stortion. Today's hearing aids are all based on the
invention of the transistor by Bell . Tel ephone Laboratories
Thi s devel opnent nade possible nuch snaller size, far |ower
battery cost and a flexibility of design for the hearing aid

engi neer never before possible. The paral |l el devel opnent of

the hearing aid conmponents such as m crophones, receivers*
capacitors integrated circuits contributed equally to, today's

hearing aid technol ogy.

Certain technical factors nust be considered to
successfully match the anplification characteristics of a
hearing aid to an individual's residual hearing. The goals

are to nmake speech and other inportant sounds confortably



loud in the frequency region between 250Hz to 6000Hz, to
limt the nmaxi mum acoustic out put. So that the sound does
not becone unconfortably loud and to see that the distortion

of the instrunent does not reach beyond a certain limt.

The only way to determne whether the preselected
hearing aid is confortable, provide acceptable sound quality
gives the prescribed characteristics, is to neasure its

el ectroacousti c characteristics.

For the |ast decade, hearing health professionals have
been questioning the validity, repeatibility and subjectivity
of the standard met hods of, hearing aid evaluation and fitting
procedur es. The advent of practical electroacoustic
neasurenents has helped the professionals to becone nore
objective to find the acceptable sound quality prescribed

characteristics and distortion |evel.

The hearing aid that is eval uated nmaybe the individual's
own or that which has been preselected. In either case it is
inportant to determne whether the prescribed real ear gain
has been provi ded and whether saturated sound pressure |eve

prevents anplified | oud sound frombei ng too |oud.

Before testing a person with a hearing aid it is
inportant to determne whether it is functioning properly,
This is done by using a charged battery and neasuring the aid

response in either a. HA 1 or HA 2 couplers. The



mear urements of these paranmeters should agree with the

manuf acture's specificity.

El ectroacoustic neasurenents will indicate wheather it
provi des the prescribed real ear and Saturating Sound
Pressure Level (SSPL 90) if and if not how nuch
It differs fromthese characteristics.

The present study was designed to study Acoustic Gain,
saturation Sound Level (SSPL 90) and Total Harnonic
Distortion characteristics of the body | evel hearing aids.
These body |evel hearing aids were of 3 categories as per
IS : 10775.

1) MId
2) Moderate
3) Strong

The hearing aids randomy selected were the ones
di stributed under the ADLIB schene.

DEFI NI TI ON OF TKEMB ( UNDER STUDY)

1) SATURATI ON SOUND PRESSURE LEVEL (SSPL. 90)

It is inportant to know at what level a hearing aid
limts its output when it receives a high level input signal
The maxi mum possi bl e | evel should not exceed the threshold of
disconfort for a user. Conversely too little output

capability will not allow a clean signal to be delivered when



the hearing inpairment is |arge. A practical measure of
output handling capability of a hearing aid is the SSPL 90
defined as "sound pressure |evel developed in a 2CC earphone,
coupler when the input is 90dB and the gain control of
hearing aid is full on. The SSPL 90 is a function of
frequency- The maxinmumvalue is required to be specified by
manuf actures in ISl regul ations.

2) REFERENCE TEST GAIN (RTQ

The RTG setting is achieved using an input SPL of 60dB
and adj usting the gain control of the hearing aid 80 that the
average of 1000, 16000 and 2500Hz val ues of coupler output
are 17 + 1dB |l ess than HF average SSPL 90 value. If hearing
aid does not have enough gain to permt this particular
adj ustnent, then the gain control should be set to full on

The rationale for the RTGsetting is that the long terns
average SPL for speech at a distance of 1 neter is
approximately 60CdB wth speech peaks typically occuring
hearing aid gain control is adjusted to give aa output SPL
12dB bel ow saturation with a 65dB input level it is assumed
that the speech peaks typically will not exceed the SSPL of
the aid. Thus situation can be duplicated by using a 60dB
input SPL with a 17dB gain reduction .

3) TOTAL HARMONI CDI STI RATI ON ( THD)

tHE ability OF a hearing aid to deliver a clean signal
at the required output level is indicated by neasuring its



non -linear distortion characteristics. Total harmonic
distortion is a neasure of non-linearity. Numerous studies
in the past have not clearly indicated an expected in verse
correl ati on between speech discrimnation and total harnonic
distortion. Mderate harnmonic distortion does not degrade
discrimnation as one m ght expect.

Total harnmonic distortion is neasured using the

reference test gain control position previously described.
Hi gher input SPLs of 70dB at 500Hz, 800Hz and 65dB at 1600Hz
are used to simulate a |oader than average input signal in

order to neasure total harnonic distortion

THE MAIN AIM OF TH' S STUDY WAS TO KNOW

1) If there is a significant change in the acoustic gain and
saturation sound pressure level with a change in the MPO
( Maxi mum Power Qutput) level of different categories of

hearing aid (mld, noderate, strong).

2) If the total harnonic distortion of the hearing aids was
within the required limts for different categories of
hearing aids (mld, noderate and strong).

NEED FOR THE STUDY

1) It has been found that several hearing aid users are not
aware of the presence of MPOcontrols in the hearing aids.
It is needed to measure the gain and output
characteristics of different hearing aids at each MPO

levels i.e., 0, 10, 20 and nake peopl e aware of the sane.



2) To knowthe real use of MPOfor different types of degrees
of hearing losses and thereby satisfactory reliable

hearing aid prescription
3) To provide baseline data for further research

4) To see if the hearing aids satisfy the manufacturer's

claims of gain and out put.

This study would increase the awareness anong the
audi ol ogi sts regarding the functioning of MPO control and

ef fect of harnmonic distortion.

Lastly the outcome of the study would help in inproving

the service delivery system



METHODOLOGY

SELECTI ON OF HEARI NG Al DS
A total of 35 hearing aids were taken up for the study.

O these 35 hearing aids 15 belonged to strong category, 15
bel onged to noderate category and the remaining 5 belonged to
mld category. Bearing aids were classified into strong
noderate and mld categories (1S 10775 1984) as per the

manuf acturer's cl ai ns.

The hearing aids were manufacturer 3 Indian hearing aid
manuf acturer available under the aids and appliance schene

(ADLIB, Mnistry of Wlfare, Covernnent O India).

SHE ECTI ON OF BATTERY

A battery of 1.5 voltage was used with the hearing aid
and its voltage was periodically checked in order to maintain

t he constant voltage of the battery.

TEST ENVIRONMENT

The test was carried out in an air conditioned sound
treated room the anbient noise levels inside the roomwere

withinthe permssible imts (IS 10776 -1984).

INSTRUMENTATION
The instrunments used for the study are as foll ows.
1) Hearing aid anal yser

2) BAT 1000



3) /2 inch test mcrophone (B & K)
4) Durmmy m cr ophone
5) 2CC H Az coupl er (Type DBO 138)

CALI BRATI ON
After power up "testing hearing ai ds" node was sel ect ed.
Test site calibration was assessed fromthe hearing aid nonu-

procedura for test site calibration

1) HAT speaker push button in the front of the HAT 500 was
pushed.

2) The dUmy m crophone was inserted into a 2CC coupl er.

3) Test mcrophone was placed at a distance of S)mfromthe
hearing aid mcrophone facing each other hearing aid was
in off position.

4) The lid of HAT box was cl osed.

5) Dummy m crophone, test mcrophone and hearing aid were
connected as shown in the diagram (See Appendi x-1).

6) "Enter" on the operating panel was pressed to calibrate
t he instrunent.

After t est site cali bration, el ectroacousti c
neasurenents were nade for 35 hearing aids.

RECORDI NG OF GAIN AND TOTAL HARMONI C DI STORTI ON AT DI FFERENT

SETTI NG

A) Recording OF GAIN AT MPO SETTING.

i) MPO -0

i) MPO- 10

(iti) MPO - 20

See Appendix-1 for illustration of MPO setting.



(B) RECORDI NG OF TOTAL HARMONI C DI STORTI ON

Tone Control = N MPO=0
Tone Control = N MO = 10
Tone Control = N MO = 20

PROCEDURE FOR RECORDI NG

Dummy m crophone and test mcrophone were inter changed
fromtheir earlier position as was in Test site calibration.

The hearing aid was switched on and the volume control
was set at Full-on position.

On the operating, panel 'Mnu was pressed on and
"Automatic Test (Tone)" node was selected ANSI - 1987
standards were selected (Appendix-11).

ANS| S.31 waa selected as 1S was not programmed in the
system

SSPL 90 curve and full on gain curve were obtained by
pressi ng ENTER on the operating-.

By adjusting the volune control RTG (Reference Test
Gain) position was obtained so that the neasured val ue met
t he goal val ue.

After the recording was done with the tone control at TC
= N MO=O position testing was done at all the other
setting to neasure the follow ng paraneters:

1) Maxi num SSPL90
2) Reference Test Gin (RTG
3) Total Harmonic Distortion (THD)

For position during test situation see Appendix-1.
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RESULT AND DI SGUSSI ON

The aimof the study conducted was to find ot if there
was any significant differs in the gain and output of the
different categories of body |evel hearing aids (strong,
noderate and mld) when different MPO settings (0, 10, 20)

wer e used.

The objective was also to find out it there is any
change in the total harnonic distortion values of different
categories of hearing aids when different HFO settings (O,
10, 20) were used.

For these objectives to be verified the data was
collected based oa the nethodology given in the previous
chapter. The data thus obtained was tabulated and

statistically treated.

The nmean and standard devi ati on of the nmax. SSPL 90, RTG
and THD val ues were cal cul at ed. These values are shown in
t he Tabl e-1.
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MPO  MAX RTG THD  MAX RTG THD MAX RTG THD

SET- SSPL90 SSPL90
TING SSPL90

118.6 36.46 1.47 112.9 33.70 1.39 114.4 32.0 0.4
(6.760) (0..64)(.28) (1.88) (1.86)(.29)(1.14) (.70)( .289)

123.8 42..4 1.17 117.0 39.90 0.89 117.4 34.8 0.5
(0.837) (1..17)(.28) (2.40) (1.08B)(.28)(1.14) (.83) (.28)

. 135.6 54.7 1.29 128.8 47.7 1.08 120.6 37.6 0.4
(0.923) (. 923)(.28) (2.114)(0.89)(0.28(0.54) (0.54( .281)

TABLE-1 : Mean and standard deviation (wthin brackets)
val ues of SSPL90, RTG THD at MPO settings 0, 10, 20

of different catagories strong, noderate mld.
The above table shows the wean and standard deviation
val ues of max. SSPL90 and RTG of each category of hearing aids

(strong, noderate and mld), at different MO setting.

As can be observed fromthe table the nmean val ue of nore
SSPL90 increase with increase in the MPO settings. for
exanple at MPO '0' the nmean of the max SSPL 90 value in
strong category hearing aid is 118.8d8 SPL, at MPO 10 the
SSPL 90 value increase to 123.8dB SPL and at MPO 20 the
SSPL 90 value is 135.6dB SPL. The data al so shows that the
mean value of max SSPL 90 decrease from strong category to
mld category. For exanple the nmean val ue of max SSPL 90 of
strong category hearing at MPO 20 is 135.6dB SPL, where as,
that is. mld category is 120.6dB SPL. However this increase

IS not seen in the nean of max SSPL 90 readings at MPO O and
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10 between mld and noderate category. As seen in the Table-
|, the mean of max SSPL 90 value of mld category is 114.4dB
SPL whereas that in the noderate category hearing aid is
112.9dB SPL at MPO '0' setting. At MPO'10' setting the max
SSPL 90 value of mld category is 117.4dB SPL and that in
moderate category is 117dB SPL. This discrepancy of the max
SSPL 90 values between different category of hearing aids
mght be doe to the number of hearing aids tested in that
category {There were only 5 hearing aids of mld categories
used for the electroacoustic neasurenents' data collection).
Upon seeing the raw data collected it was observed that the
range of max SSPL 90 value is 113dB SPL to 121dB SPL from O-
20 MPO settings in mld category hearing aid. | n nmoderate
category range was from 106dB SPL - 131dB SPL. Less number
of hearing aids of mld category m ght be one reasonto get
higher value in the mld category than in the noderate

cat egory.

Cbserving the nmean RTG values of the Table-1 it can be
understood that the gain of a hearing aid increase wth
increase in the MPO settings. For exanple for MPO setting
‘0" the RTG value of strong category hearing aid is 36,46dB
and for MPO setting 20 the RTG value in the same category is
54. 7dB.

| ncrease in the mean val ues of RTGis seen when a strong

class hearing aid is compared with a moderate class hearing

aid for example; the RIG value of a strong class hearing aid
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at MPO setting '0" in 36.46dB whereas the RTG val ues of
nmoderate class and a mld class hearing aid are 33.7dB and

32dB SPL.

Table-1 al so shows the Total Harnmonic Distortion val ues
of different categories (strong noderate and mld) hearing
aids at MPO settings 0, 10. 20. As can be observed fromthe
table the THD values of the strong category hearing aid is
highest (1.47). the value of noderate category hearing aid
being lower (1.33) and that of mld category hearing aid
being the lowest (0.4). However Lotternman and Kaslon (1967)
have reported that sonme Instruments will produce relatively
high levels of distortion when gain control is advanced

beyond 1/2 or 3/4 position.

Standard deviation values of Max SSPL 90 show that the
strong catagory is the most consistent of the 3 categories of
hearing aid when 0.760 of S.D. is conpared with 1.14 of the
mld catagory. This consistency is also seen in the
different MPO controls of strong category. The lowest S.D
value is seen in mld category hearing aid at MPO setting
*20" (0.54). The maximum standard deviation values are in
the noderate categories at MPO controls "10" and '20' (2.40

and 2.114 respectively).

Wth respect of RTG values of different categories of
hearing aids it can be seen fromthe Table-I that the mld
category hearing aid has the m ninum standard deviation of
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HPO settings 0,10,20,(0.70, 0.83, 0.56). The maximum  standard deviation in
seen the moderate category hearing at MPO '0' (1.66).

The THD readings show consistency within and between the difference
categories of hearing aids at each MPO settings '0','10, '20'.

Diagram (A), and (B), are the graphic representation of Table-|
In order to determine whether this difference inthe  mean values of
max SSPL 90, RTG and THD was statistically Si gni fi cant bet ween and
W thinthe categories of hearing aids atdifferent MPO setting 'O,

‘10, '20". Analysis of variance was conducted.

Table- Il Two-way ANOVA showing the interaction within and between each
catergory of hearing aid (strong, moderate and mild) and SSPL 90 at different MPO

setting O, 10, 20.

Sour ce D.F F. Ratio Si gni ficance
A 2 327.42 P < 0.001

B 4 99. 68 P < 0.001
AXB 12 9.37 P < 0.001

Where A = Max SSPL90
B = Categories of hearings aids
The above table shows that there is a dggnificant
difference at P< 0.001 level for within and between.
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I nteraction of- each category of hearing aid (strong, noderate
and m | d) and SSPL 90 at different MPOsettings 0, 10, 20.

Table-11 shows the statistically significant difference
in the mean values of the SSPL 90 in the Table-I,

statistically. Hence the objective of the study (to find out
iIf there is a significant change in the SSPL90 val ues of

different categories at different MPOsetting) is verified.

TABUT-111: Two-way ANOVA showi ng the interaction between and
with in each category {strong, noderate and m|d) of hearing

aid and RTG at different MPOsettings 0, 10, 20.

Sour ce D F. F. Ratio S gni fi cance
A 2 453. 25 P < 0.001
B 0 142. 13 P ; 0. 001

AXB 12 135. 58 b < 0.001

VWhere, A = RTG val ues
B = Categories of hearing aids

The above table shows a significant
P<O O0L level (d.f being 2, 6,12) for the interaction within
and between each category of hearing aid (strong, noderate
and mld) at different MPOsetting 0, 10, 20.

difference at

Therefore the objective (there is significant difference
in RTG values of different categories of hearing aids when

MPO settings 0, 10, 20 are used).
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TABLE-1V: Two-way ANOVA showing the interaction between and
within each category (strong, noderate and m|d) of hearing
aid and THD at different MPOsettings 0, 10, 20.

Sour ce D. F. F. Ratio Prob. > F Signi ficance
A 2 2. 62 0.1136 Not
si gni ficant
B 6 5.73 0. 0051 Signi fi cant
AxB 12 1.99 0. 0347 Signi fi cant

Where, A = Total Harnonic distortion
B = Categories, of hearing aids

There is no significant difference in the THD val ues of
different categories of. body |evel hearing aids (strong,
noderate and m | d) when different MPO settings are use. This
is seen in both within and between categories of body |evel
hearing aid. However, there is a significant difference in
THD val ues when different categories are used i.e., wthin
and between each category of hearing aid (Strong, noderate
and mld).

Hence, the objective of the study i.e., there is a
significant difference is the THD val ues when different MPO
settings are used in not verified. The objective of the
study [there is within and between a significant difference
in the THD values different categories (strong, noderate and

m | d) of body |evel hearing aids] is verified.
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CLI NI CAL | MPLI CATI ONS

The experinental study inplies that whenever MPO setting

s used maximum output and gain is obtained (135.6dB SPL
54.6dB SPL) in the strong category hearing aid. Hence MPO 20
setting can be wutilized to achieve maxinmum output at

reference test gain position. However, the UCL of the

hearing aid user is also needed to be considered before

prescribing the MPOsetting. The MPO setting can be adjusted

to such a level (MPO 10) so that the individual gets adapted

to the anplified sounds of every day life (Skinner 1988):

Usual |y an individual using a hearing aid conplains of
auditory feedback whenever he tries to increase the vol une
control wheel. There are Various reasons, one of then being
that SSPL 90 may below and speech signal becomes grossly
distorted when the gain is turned up. Rai sing the SSPL 90
shoul d renmedy this problem This can be done by adjusting
t he MPO control s (Skinner 1988).

Hovever, hearing aids with output in an excess of 132dB

SPL should be used only wth great caution because their use
may lead to further hearing loss (Binnie 1985). Increase in
the gain beyond 132dBH. produces little increase in gain but
aa increase in the harnonic distortion say negatively affect
speech intelligibility (Eodgson and Ski nner 1981).

Hence while prescribing a hearing aid it becones very

I nportant to consider MPO setting in order to increase or
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decrease the SSPL 90 as per the requirenent of the individual
hearing aid user. A well aware, sophisticated hearing aid
user can regulate the maxi mum output of the hearing aid with
the help of the MPO setting based on the environnment sounds

and situation.

Wil e anplifying a sound through a hearing aid different
forns of distortions take place total harnonic distortions
being one of them THD results is reduction of clarity and
intelligibility of the anplified signals. Several studies
(Harris et al 1961, Jerger et al, 1966, dsen and Carhart
1967, AOsen and WIber 1968) revealed that speech
intelligibility is inversely proportional to the |evel of
har moni ¢ di stortion produced by hearing aids. The results of
the present study conducted inplicate that total harnonic
distortion values have significant difference wthin and
between different categories of hearing aids (strong,
noderate and m |l d). However, no significant difference in
THD val ues is seen when MPO increases in different categories
(MPO settings O, 10, 20). Hence it can be interpreted that
while prescribing a hearing aid a clinician can safely
prescribe a high MPO setting of 20 as it would not lead to a
significant increase in THD val ues. But it should be
considered that a strong category hearing aid has higher

| evel of THD than mld category body | evel hearing aid.
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SUMVARY AND CONCLUSI ONS

An experinmental study was conducted in order to find out
the effect of MPO control (0, 10, 20) on gain, output and
total harnonic distortion characteristics in various body
| evel s hearing aids. The hearing aids were randonty sel ected
from the ones distributed under the ADLIB schene. The
hearing aids were of 3 categories mld (5 hearing aids)
noderate (15 hearing aids) strong (15 hearing aids) (as per
| S: 10775 1984).

Hearing Aid Text Box along with 2CC coupler was used to
the electroacoustic neasurenents of all the hearing aids.
The paraneters taken into account were, Maxi num Saturation
Sound Pressure Level (SSPL 90). Reference Test Gain (RTG and
Total Harnonic Distortion (THD). Al these neasurenents were

done at MPO O, 10, 20 settings at 'N control .

Having collected the data nean, standard deviation,
Two-way ANOVA were done. The statistical analysis showed the

follow ng results.

1) There was a significant difference in the max SSPL90
and RTG values of different categories of hearing aids
(strong, noderate and mld) when different MPO settings (0,
10, 20) were used. This difference was seen both within and

between the different categories of hearing aids.
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2) There was nOsignificant difference in the THD val ues
of different categories (strong, noderate and mld) when

different MPO settings are used.

3) There was a significant difference in the TED val ues

within and between the different categories of hearing aids.

Hence it can be concluded fromthis experinmental study
t hat

1) MPOcontrol setting (0, 10, 20) is very useful in order to
control the output and gain of a hearing aid.

2) A prescriber while prescribing a hearing aid should
consider the maxi num output of a hearing aid with MPO
setting in order to see that the maxi numoutput, does not
reach beyond the unconfortable Ioudness Ilevel of the
individual. It can lead to permanent threshold shift due
to prol onged overexposure to acoustic stimuli

3) Increase in MPO setting does not lead to increase in THD

4) There is an decrease in the THD values fromstrong to mld
category of body Ilevel hearing aid which is statistically

significant.
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APPENDI X- 1 |

SPEC FI CATI ON FOR BCDY LEVEL HEARI NG Al DS
| S: 10775 - 1984

3.2 Hearing aid are classified into followng 3 classes
CHARACTER! STI CS CLASS OF BEARING AID

M LD MODERATE STRONG
(a) Maxi mum saturation 115dB 125dB 135dB
Sound pressure |evel
(b) Avg. OSPL90 105-114dB 115-124dB  125-134dB
(c) Full on Acoustic gain 45dB 55dB 65dB
(mn) (mn) (mn)
(d) BF Avg. Full on gain 40dB 50dB 60dB
(mn) (mn) (mn)

NOTE: Hearing aid with max SSPL90 greater than 135dB are

likely to damage the ear.. Hence their use should be
under strict medical advice.

TEST SCHEDULE MEASUREMENTS

Total harmonic Distortion

Met hod of neasurenent: 6.12.1 of 1S:10776 (Part-1) 1984
(to be neasured at frequencies 500Hz IKHz and 1.6KHz)

Val ues shall not exceed 7%
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