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PROLOGAUE

Deaf ness is worse than blindness, so they say it is
t he loneliness, the sense of isolation, that nakes it so
and the lack of understanding in the mnds of ordinary
heari ng peopl e, the handicap of the silent world - the
difficulty of communicating with the hearing and speaking

wor | d.

These devastating effects on deafness on an individual
can be alleviated to a great extend by a snall anplification
device called the hearing aid. Hearing aid is an el ectro-
acoustic device which aids in anplification of sounds. But
having a hearing aid is not sufficient enough. One need to
have a coupl i ng devi ce which enabl es the receiver of the
hearing aid as the hearing aid itself to sit in the ear.

This coupling device is terned earnol d.

Earnol d sonetinmes called the earpiece, is a plastic
i nsert designed to conduct the anplified sound fromthe
hearing aid receiver into the ear canal as efficiently as

possi bl e (Langford, 1975).

"The earnold is half of the fitting". As Bhue (1975)

aptly puts it - '70 discuss the role of earnold in successful
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hearing and fitting in sonewhat |ike discussing the role
of the engine to the successful operation of an autonobile
or the role of wngs to the successful flight of an air-

pl ane.

The role of an earnmold may be sumari sed as:
1) Linking the hearing aid to the patient,
2) Conveyor of sound fromthe output transducer of the
hearing aid to the external auditory neatus,
3) Anchoring the ear level hearing aids affording retention

of the aid to the ear.

Anong many ot hers another role is the acoustic nodifi-
cation of the output signals which is beyond the circum
scription of the electrical controls of the hearing aid.
The acoustic nodification can be achieved by -

1) Changing the earnold configurations
2) Varying the earnol d di mensions

3) Using the acoustic nodifiers.

Whil e on looking into the earnold configurations, based
on the physical style options, earnolds can be categorized
into -

a) Receiver mold - Thisis a full solid mld wth a

metal or plastic snap ring for the appropriate sized nubbin
to hold the receiver directly on to the earnold.
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b) Siell nold - This is the earnolds used for hear-
ing aids with internal receivers, with or wthout helix,
its use is dictated when fitting high gain ear |evel aids.
Its acoustic properties are simlar to those of the
standard ear phone coupl ed noul d, but physically all its

possi ble bulk is removed fromthe bow ensuring confort.

It has a full canal and a thin shell covering the
bow of the ear. Tight seal and thick walled tubing is

necessiated in lieu of the acoustic feed back.

c) Skeleton or perimeter earnmold - This is used with
post-auricular hearing aids. This is simlar to the shel
nol d except that the centre portion of the concha has been
followed out, leaving only the rim It offers nore confort
to the wearer owing to the increased air circulation in
t he concha when conpared to shell nold. This is used with
noderate gain instruments and is adaptable to the short
canal, open bore fitting, as the concha rimsustains the
earnmold in the ear. The earnold has a standard tubi ng of
constant di aneter which opens into a |large hol |l owed out
sound bore. Canal is short. The body of skeleton earnold
has | ess bul k than the standard earnold, and nore than open

ear nol d.
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Earnol d, though it seens in significant when conpared
to the hearing aid, research has shown that quality of
sound out put fromhearing aid can further be nodified at

t he | evel of earnold.

Reports on the significance of the earnold have been
made by a nunber of authors since the early 50s, but the
first neasurenent of the sound pressure level in the ear
canal, in order to investigate the acoustic characteristics
of earnold were reported in 1956, Commonly used procedures
for the purpose of studying the characteristics of earnold
or rear ear insertion gain nmeasurenents, coupler neasure-

ments and functional gain nmeasurenents.

Coupl er neasurenents are nmainly used to find out the
el ectroacoustic characteristics by nmeans of a 2cc coupl er
whi ch was first described by Ramanow (1942). The nost
generalized formof 2cc coupler is the HA-I. In this form
there is arelatively large opening, in the sound entrance
face. Any tubing, earnold or an ITE or ITC aid can be

nounted in the coupler with a suitable fornmable materi al .

In order to conpare the gain given by the two earnol ds.

W can conpare the el ectroacoustic characteristics nmeasured



- 5 -

froma hearing aid by using those two earnolds. But the
maj or and nost inportant di sadvantage with 2cc coupler is
that it yields an artificial resonance in the frequency
response curve because of the hard walled cavity which
occurs at a lower level ir/ears of patients wearing a hear-
ing aid, and also a 2cc coupl er does not accurately sinu-
| at e actual ear canal resonance (Jerger, 1974). MNoreover
it does not tell anything about head shadow and pi nna

effects, concha and canal resonance.

Thus, gradually the increased use of earnold acoustic
systens has changed the trends to nmaki ng the nmeasurenents
of the actual ear canal of a person. This real ear probe
t ube m crophone systemis very nuch useful in nmeasuring the
Insertion gain, when different earnolds are used along with

hearing aid.

The terminsertion gai nwas introduced by Ayers (195 3)
It is the increase in sound pressure |evel at the eardrum
with the operating hearing aid in place conpared to the
SPL at the eardrumwi thout the hearing aid and with the
ear canal and concha unoccluded. It takes into account of
the loss of natural gain due to head diffraction and concha
and ear canal resonances, when the ear canal is closed with

an earnold (Shaw, 1974).
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But the literature till today has very little to
say about the influence of earnold configuration (types)
on the el ectroacoustic characteristics and insertion

gain of the hearing aids.

Sweet no (1991) conpared the insertion |oss produced
by a variety of BTE coupling configurations and found
an increasing order of insertion |oss are displayed, when
a BTE coupled to a free field earnold, a naxi mumvented
SAV and finally a closed shell nmold. This shows that
"each configurations of earnold has get its own individual
characteristics". W can also consider the follow ng

studies to support the above statenent.

Saul (1985) conpared the functional gain using
various earnold configurations and found the functional
gain of shell nold to be around 26.9 dB. Functional gain
was not inproved over the conventional shell type earnold

by the CFA (11.2 dB) fol |l owed by Libby horn (7.5 dB).

Kewi n, Geenberg and Sinmmons (1981) conducted a study
by using four different earnolds |ike occluding earnold,
skel eton earnold with long canal, skeleton earnold with

short canal and free field nold on hearing aid response
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and found that earnold having the |ongest canal portion
exhibit greater SPL in the frequency range from 800-2700 Hz
as conpared to the earnold with short canal. Below 2000 Hz
t he skeleton earnold provides nore anplification than the
free field earnold. The | argest different observed when
conparing the skeleton earnold to the free field earnold

was 7 dB at 1000 Hz.

Al though there is anple infornmation regarding the gain
nmeasurenents, the literature regarding the anmount of signal
reaching the ear and the benefits derived by themwth
different earnold types |ike shell and skel eton earnol ds
which is used for the behind-the-ear hearing aids are |ack-
ing. Hence a need was felt to study the perfornmance of
' behind-the-ear' hearing aids, when used with different
coupling devices |ike shell and skeleton earnolds, which is

normally distributed to the clients.

The obj ectives of the present study were:

1. To conpare the coupler gain with different acoustic
couplers like shell and skeleton nolds and to study
their effects on BTE hearing aid performnmance.

2. To conpare the real ear gain neasurenent, in the BTE
hearing aid users with their gain requirenment, when
used with shell and skel eton earnol ds.
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METHCDOLOGY

The net hodol ogy of the present study is discussed

under the different headi ngs:

subjects
- test environment

I Nstrumentation

procedure,
Sel ection of subjects:

Atotal of ten ears (5 nales and 5 fenal es) of
average age 53 years, with hearing | oss and who use
behi nd-t he-ear hearing aid were used for the purpose of

t he study.

Test environnent

The test was conducted in partially sound treated
air conditioned room Power sources was the main AC
supply. The instrunent was Kkept in a quiet room
I nstrunentation:

The instrunents used for the study are as foll ows:
a) Hearing aid test system (FON X 6500). This instrument

had a built in conputerized programand had facilities
for autonatic testing of the hearing aids.



Photograph-1: Set-up of instruments for coupler measurements.

Phot ogr aph—2: Set-up of instrunments for Insertion Gain Measurenents.
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b) ¥ test mcrophone (No.ML550)
c) Standard HA-2 2cc couplers

d) Ear-level hearing aid adapter snaps into the %
dianmeter cavity in the HA-1 2cc coupler

e) BTE hearing aids

f) Shell and skel eton earnol ds.

I nside the hearing aid test box (FONIX 6500) the

di fferent connecti ons nade were.

The test m crophone was kept at the left side of the

reference point.

The test m crophone was connected to coupler, which
was connected to the heating aids by means of an adapter.
The hearing aid was given a constant power supply of 1.5

volts.

The test m crophone was connected to the HA-1
coupler to which the ear nolds werecoupled. To the tip
of the tubing of earnold, the ear hook of the behind-the-

ear hearing aid was attached.

Pr ocedur e:

- Calibration ad levelling;

Calibration was done before the instrument was used

for the present study. The sound chamber lid was opened
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and the instrunment was kept on for around 30 mnutes for
allowing the instrument to warmup. The levelling was
done using the instructions in the manual, everytine the

| nstrunent was sw tched on.

Real ear insertion gain neasurenents:

A probe tube systemwas used to neasure hearing aid

I nsertion gain using different earnolds.

Real ear acoustic gain was cal culated from sound
pressure |level nmeasured in the ear canal with probe tube
m crophone in unaided and aided conditions at |evels well
above the anbi ent room noi se by using shell and skel eton

ear nol d.

Here the subj ects were seated in a chair approxi nately
12" fromthe | oud-speaker of probe tube system The fre-
guency nodul ated tone fromthe | oud-speaker was kept at a
constant level of 60 dB SPL in the area of the patient's
ear as it swept through the test frequencies. The soft
rubber tube connected to the probe m crophone was inserted
into the ear canal. The signal emtted fromthe | oud-speaker
was then neasured in the ear canal and the resonance curve
of the external auditory neatus was determned. The hearing

aid with shell nold was then inserted into the ear with the
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probe tuba placed at the sanme depth in the ear canal but
between the earnold and the canal wall. The sound pre-
ssure level relative to the unai ded condition was then
nmeasured in the ear canal,for different frequencies rang-
ing from200 Hz to 8000 Hz. The same procedure was used
to neasure sound pressure |evel when the skeleton earnold
was used with related to the unaided condition. Then the
gai ns neasured for the shell and the skel eton earnol ds

wer e conpar ed.

Coupl er neasurenents:

The coupl er neasurenents were obtai ned using the
hearing aid directly coupled to the mcrophone with the

hel p of an adapter and 2cc coupl er.

Hearing aid was kept at 'M position. Volune control
of the hearing aid was turned to full-on position and
hearing aid m crophone kept at reference point. The lid
of the hearing aid test box was then closed. IS node was
sel ected. The screen display of the Max. GSPL 90, HFA OSPL 90,
HFA- FOG VALUES, RTG val ues, EIN, Frequency range F1 and F,
Harmoni ¢ distortion at 500 Hz, 1000 Hg, and 1600 Hz were

not ed down.
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Then the hearing aid was connected to a HA-I coupl er
by means of day, and the neasurenents were done in the

same way as done for the previous condition.

Then change the earnold to skeleton type and all the
above nentioned characteristics of the hearing aid was

not ed down.

Repeat the sane procedure for all the hearing aids.
Then conpare the characteristics neasured between shell and

skel et on ear nol ds,
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RESULTS AND DI SCUSSI ON

The aimof the study was to find out if there was
any significant difference between the shell and skel eton
earnold on the el ectroacoustic characteristics in coupler

and insertion gain neasurenents of body |evel hearing aids.

The data was col |l ected based on the nethodol ogy given
In the previous chapter. The data was tabul ated, nean
and standard devi ati on val ues were conputed. These val ues

are shown in Table-1 and Table-11.

Statistical analysis was carried out using paired
't' test to investigate for any significant different anong
t he shell and skeleton type earnold for behind-the-ear

heari ng ai ds.

Al t hough the graphical representation of nmean val ues
using nmultiple bar diagrans showed difference on severa
el ectroacoustic characteristics, none of themwere found

to be significantly different.

But the results of insertion gain nmeasurenents showed
a significant difference between shell and skel eton earnol ds

at 6 KHz and 7 KHz, where the nean val ues of skel eton earnol d



Table-Is Results of paired 't' test for the real ear insertion gan measurements
Frequency in Hz

200 500 1000 | 2000 | 3000 4000 | 5000 5000 | 7000 | 8000

Mean 13.87 |14.72 |29.76 [25.32 2291 1536 -3.62 |-8.43 -8.52 2.06
S.D. 11.47 9.19 8.77 498 11.04 9.85 12.65 [12.84 |11.88 13.83
Mean 11.47 |15.66 |30.4 25.73 24.18 17.75 -2.08 1.03 -1.33 1.13

S.D. 7.81 7.62 9.38 5.69 9.67 8.08 | 10.24 /12.11 15.10 |17.48

t' Vaue 652 -.419 | -.27 | -.24 -.493 -.89 -.355 |-3.29 -2.17 |.119
SD/NSD NSD NSD NSD NSD NSD NSD NSD D SD NSD

SD - Significant difference; N - No significant

difference.




Table-~IIt Results of palired 't' test for the electroacoustic measurements of gain

YT T — — ‘ : Harmonic distortio
— - .
s5c | g5 B3| BE| B |3 |% |ew [psmmmrime ey
0S| B3| ~E z F, F, 500 |1000 |2000
r'}'lgld 126.9 |121.8 | 51.41 /54.3 |43.2 |78.7 |3.02 346 |318.6 5411.1 | 327 |0.65 |4.48
SMean [126.3 |118.82|45.64 48.7340.37|83.4 |2.24 38.16 306.22|5822.66| 3.19 1.38 56
H
E 2.53 2.62| 6.86| 599| 265 492 1.0616.28 113.17 |1675.39| 7.42 |1.36 3.80
L
L
SMean 124.57 | 117.76| 44.24 46.22 | 39.19 | 79.9 [1.94 35.03 307.22|5666.67| 1.33 .933 |5.2
K
E 4.51 364 6.08 599| 487| 4.76|1.2116.74| 125.39 |1267.87| 2.07 | .46 | 362
L S.D
T
Qvalue 117 | .814 944 192 124 201 .660 1.06 -2.27 = 376 | 687 .95 | 222
SD/ANSD NSD NSD NSD NSD NSD NSD NSD NSD NSD NSD NSD NSD NSD
SD-Significant difference:, NSDe+- No significant difference




&3
Q

| ]
t
i
| “‘"
! ’7 oy
25 / ~i=
1 / ¢
~ 1 !!
g 2091
T Ll
Q’\ I
- is +—
£ g
S1 10 f
1
S’ §
b}
3 l
af
c
i
t'\./-s :
)
- i
10
: .
200 %00
1060 2000 2000 4000 5000 6000 00 8000
* Sheil

- SKelebon (Frequency i Herty)

Graph, (i) Showing the mean values of Insertion
Gain measurements at different frequencies

forboth Shelland skeletonear moulds.



- 16 -
dom nates over that of the shell earnold at the two
frequencies. And also we see a higher gain for skeleton
nol d when conpared to the shell nold between the frequen-

cies 500 Hz - 8000 Hz(Table-11).

The significant difference at hi gher frequencies
(6000 Hz and 7000 Hz) for the skeleton earnold coul d be
attributed to the resonance frequency of the concha
(at 6000 Hz) which is being exploited by the structure

of the shell nold.

For speech, frequencies inportant are upto 2000 Hz
hence shell nold is preferable conpared to skel eton nol ds

as this is nore durabl e.

However, we cannot conpare these results with previous
studies as there are few studies on conparison of shell and

skel eton earnol ds for the behind-the-ear hearing aids.
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SUMVARY AND CONCLUSI ONS

An experinental study was conducted in order to find
the effect of earnold type (shell and skel eton earnol d)
on the el ectroacoustic characteristics of ten behind-the-
ear hearing aid and insertion gain neasurenents of ten

subj ects who were using behi nd-the-ear-hearing aid.

The hearing aid test system (FON X 6500) along with
HA-1 2cc coupers were used to do the el ectroacoustic
neasurenents of all the hearing aids. The paraneters
taken into account were:
1. Maxi mum out put sound pressure |level at 90 dB i nput

( GBPL-90)

2. H gh frequency overage output sound pressure |evel at
90 dB input (HFA OSPL-90)
Maxi mum ful | -on gain (Max FOG
H gh frequency average full on gain (HA FOG
Ref erence test gain (RTQ
Total harnonic distortion at 500 Hz.
Total harnonic distortion at 1000 Hz.

Total harnonic distortion at 1.6 KHz.

© © N o O > w

Equi val ent i nput noise (EIN
10. Internodul ation distortion at 1 KHz (DF)
11) Low frequency limt of the frequency range (Fl)

12. Hgh frequency limt oE the frequency range (F2)
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Al the neasurenents were at the N setting of the tone

control .

Sane instrunment (PCN X 6500) was used to find the
Insertion gain for shell and skel eton earnol ds of behind-
the-ear hearing aid users. The insertion gain at 250 Hz,
500 Hz, 1000 Hz, 2000 Hz, 3000 Hz, 4000 Hz, 5000 Hz,

6000 Hz, 7000 Hz, 8000 Hz was tabul ated and anal ysed.

The statistical analysis of the collected data has
been done by using paired ' t' test. The follow ng con-

cl usi ons seem war r ant ed.

1. There is no significant difference in the coupler
measur enents between the shell and the skel eton nol ds
wth respect to el ectroacoustic characteristics of the
B.T.E. hearing aids.

2, There is no significant difference between the shel
and skel eton earnol ds except for the frequencies 6 KHz
and 7 KHz in the insertion gain neasurenents of the BTE
hearing aid users, where the skel eton nold predom nat es
over shell nold at the two frequencies. This could be
therefore of the resonance of concha which is at higher

frequency and this is affected nore with shell nolds.
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