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| NTRCDUCTI ON

"Audi onetry" nmeans the neasurenent of hearing sensitivity.
There are two reasons for neasuring hearing acuity. One clear
pur pose of audionetry is to assist in nedical diagnosis and

t he second purpose is overall assessnent of hearing.

W de range of equipnents exist to assist us in neasurenent
of hearing sensitivity. One of themis a pure tone audi onetry
whi ch provides, as test material, pure tones of selected
frequencies and of calibrated sound pressure |evels (Davis,

1947) .

Pure tone tests are the basic tests to find hearing sensi -
tivity and are also the basic clinical tools for initiating
differential diagnosis. These tests also suggest the site of

| esi on.

Pure tone audi onetry consists of Air conduction (ACQ and
Bone conduction (BO testing. For ACtesting, pure tone
signal s are presented through the earphone with t he frequency

rangi ng from250Hz to 8000Hz at octave intervals.

BC testing consists of presenting pure tones ranging
from 250Hz to 4000Hz by neans of a bone vibrator placed on

the mastoid, behind the ear or on the forehead.

For each specific frequency, the tones are varied in

intensity by means of an attenuator dial on the audi oneter
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to find out the |owest |evel at which the individual could
barely detect the presence of the signal 50%of the tine.
This particular level of hearing is termed as threshold

| evel of the individual.

There are several factors which could influence obtained
threshold level. Threshold variability is often due to non-
auditory processes. Those influencing extrinsic variability
can be reasonably controlled under |aboratory conditions.
Such factors |i ke tenperature, humdity, |ight, anbient noise
| evel , calibration of equipnents etcy type of ear cushion
used may affect the threshold level of individual. Intrinsic
variables affecting auditory sensitivity include (1) Neuro-
physi ol ogi ¢ factors governing organi c sensation and (2)
subj ective consi derations, such as notivation, intelligence,
attention, famliarity with the listening task and vari ati ons

in how listeners interpret the sane test instructions.

It is apparent that many of these factors nay interact
so that, for exanple, the confort and conditions of the test
roomtogether with the attitude of the tester will influence
the notivation of the subject which in turns affects the
threshold of the subject. Like wise the personality of the
subj ect may influence his response criteria and the variability

of the detection threshold (Stephens, 1969, 1971).



O the factors nentioned above (which affect the
threshol d sensitivity); one of the factor is type of ear-

cushi on used for pure tone audionetry.

The ear cushions ace enclosures of the external type
ear phones. Thus used to fix earphones on the ar. They
are made out of rubber and have specific shape and size.

Two types of ear cushions are generally recognized. They are:

1. supra-aural ear cushion

2. circunaural ear cushi on.

Supr a-aural cushion covers only the outer past of the
pi nna and seal against the skull. The circunaural cushion
occupi es a |arger vol une than supra-aural cushion. The
latter is approxinmately 6cc which is equivalent to the vol une
of NBS-9A Standard coupler. The specific volune of circum
aural cushions are not known as there is no standard coupl er

devel oped to neasure the sane.

The supra-aural cushion MX-41/ AR (as specified by
ANSI - 1969) are nost commonly used for hearing testing. |t
Is a two pi ece foam cushi on nmade out of Buna rubber (base)

and sponge neoprene (Cap).

Per f or mance of di fferent MX-41/ ARcushi on may di ffer due
to material conpound, nolding processes effectiveness of the
cenent connecting the two pi eces and aging characteristics

of the sponge nmaterials. To overcone this problem Tel ephonics
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devel oped one pi ece nodel 51 ear cushion, conparison were
made between MX-41/ AR and nodel 51 and they found no signi-
ficant difference in their performance. But there was
strong indication of Mddel -51 giving nore consistent result
with inprovenent of confort also (Mchael and Bi envenue,

1980) .

Ear phones and ear cushi ons are avail abl e as specific
assenbly. Mat earphones can be nmounted in either supra-
aural or circurmaural cushion. Sonetines they are avail able

as single unit eg; sharpe HA-10.

Speci fic conbi nation either supra-aural or circumaura
has its own advantages and di sadvantages. Sone of them are

nent i oned bel ow;

Ear phone—supr a- aural cushi on conbi nati on;

Advant ages:

It can be easily calibrated by using the standard coupl er
NBS- 9A, thus approved by vari ous 3tandard such as ANSI, SI: 6-
1962.

D sadvant ages:

1. They becone unconfortable after wearing for |longer tine
whi ch may af fect the perfornance.

2. They do not attenuate anbient noise as effectively as
circunmaural ear cushion. Hence difficult to use in schoo

screening and industrial screening.
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3. This type of cushion defornts the flesh around t he canal
entrance and constricts the opening. It results in
| owering of the resoaant frequency of the systemwhich
varies with pressure applied to the cushion which is

in contact with the pinna (M |Ichus. 1969).

Ear phone- ci r cunaur al cushi on conbi nati on:

Advant ages:

1. It provides greater attenuation of anbient noise and is

7t

therefore advantages for testing in noisy situation.

2. It inproves the confort of the wearer.

3. There is less |ikelihood of energy |eakage.

4. They have | ow i npedance in | ower frequency region. Thus
at this frequency range output nmeasured on a flat plate
coupl er goes well with the real ear neasurenents nade by

supr a- aural ear phones i nvestigated (Shaw, 1966D).

D sadvant ages:

1. It cannot be calibrated to NBS-9A, standard coupler. No
standard coupl er has been devel oped to calibrate the
ci rcunmaural earphone as yet. Thus its use is not justified
in routine audionetric testing. Itsuseislimted to

| aboratory investigations where careful calibration can

be perf orned.

2. At frequenci es above 2000Hz, circunaural earphone response
vari ed dependi ng upon the type of earphone and cushi on,
applied force and pl acenents of earphone on coupl er

(Shaw and Thi esson, 1962).



Need for the study;

Al studies on conparison of pure tone threshol ds using
supra-aural and circumaural earcushions have been done in
the Wstern countries. We, nost often rely on the data avail -
able fromthose studies. Thereis racial difference and
other differences |ike, environnent, testing conditions, tenpe-

rature.

Hence, present study was Mainly ained to conpare pure
tone threshol ds usi ng supra-aural and circumaural ear cushions
on I ndian popul ati on whi ch woul d be suitable for our clinical

condi ti on.

The present study was aimed at answering the follow ng question:

1. Do the pure tone thresholds differ with the type of ear
cushi ons?

2. If yes, is the difference; frequency specific?

| nplication of present study:

The results of this study would indicate,if the two
t ypes of ear cushi ons can be used i ntereh angeabl y i n clini cal

practi ce.



REVI EW OF LI TERATURE




REM EW CF LI TERATURE

One of the basic requirenments for pure tone audionetry
or threshold audionetry is a well controlled test environ-
ment? the |evel of the anbi ent noi se nust be | ow enough to
ensure that extraneous masking noise will not affect test
results. The nost acceptabl e procedure for controlling
anbi ent noi se is use of prefabricated sound roons. There
are situations, however that preclude use of sound treated

boot hs, both froma practical and econom c point of view

As an alternative to the prefabricated sound room
several manufactures offer audi oneters equi pped with noise
attenuati ng ear phone cushi ons. These cushions are referred
to as circurmaural encl osures, because they contain a resilient
cushion that conpletely surrounds the pinna. The primary
advant age of circunaural enclosure is the noi se attenuating
property (Copeland and Mowy, 1970; Martin et al. 1971).

I ncreased portability, lowrelative cost and confort are

addi tional features.

Several studies have shown differences in pure tone
t hreshol ds when circunmaural encl osures are used, as conpared
to a supra—aural cushion (Cozad and Goetzi nger, 1970; Harris,

1971; Lankford and Zachman, 1971).
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The next few pages enconpasses, in anutshell, sone of
the relevant literature, under four sub topics. They are
1. Studies related to the acoustic perfornmances of the two

ear cushi ons.

2. Studi es baaed on pure tones and noi se.
3. Studi es baaed on pure tones al one.
4. M scel | aneous i nformati on.

1. Studies related to the acoustic perfornmance of the two
ear cushi ons:

The ear cushi on opening Should be % of an inch in dia-
neter as recommended by ANSI in 1962. Violation of which
may result in alteration of its output at certain frequencies
even if the audioneter and t he earphones are in good condi -
tion. But commercially available car cushions are found to
vary from 1/32 of an inch to 1/8 of an inch |ess than recomrended

value (Drk and Wl son, 1976).

M chael and Bi envenue (1976) prescribed a calibration
data for the circunmaural headset designed for the testing of
hearing acuity. Two seta of TDH 39 and TDH 50 ear phones were
used. One set nounted on a Tel ephoni es circunaural headset,
and the other on a supra-aural MX-41/ AR ear cushion. 10 subjects
wer e taken and conpared, using threshold | oudness bal ance
nmethod. Their results revealed that the circunaural earcup
offers significantly nore attenuation to background noi se than
does the conventional MX-41/ AR supra-aural cushion at all

frequencies. |In addition, subjective confort evaluation
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strongly favours the circumaural ear cup over the MX-41/ AR
cushion. Also, it provides significantly nore consistent
threshol ds than the MX-41/ AR headset. G rcunaural earphone

assenbly can be calibrated on a flat-plate for audionetry.

Charan, tax and Neonoeller in 1965 tested t he responses
of the two types of ear cushions coupled! with 3 types of
ear phones. They found that the responses of these earphone
ear cushi on conbi nati ons varied considerably above 2KHz
due to variations in -
1. the type of earphone used
2. the type of cushion used
3. applied force on the earphone
4

pl acenent of the earphone on the coupler.

Shaw (1966) used a probe-tube m crophone to neasure ear
canal sound pressure levels (SPL's) of 10 subjects each with
three different circunaural earphones and two different
against - the - earphones, So also neasured rel ative responses
bet ween a Sharpe HA-10 circunaural earphone on the flat plate
coupl er and a Tel ephoni es TDH 39 against - the - ear earphone
w th MX-41/ AR cushi on on NBS-9A coupler. Each of themwas
excited wth the voltages which were required to produce
identical SPL's in average real ears. |n a separate experinent |,
he showed that the SPL in the ear canal, at the average
threshold of hearing of the listeners, was substantially

| ndependent of the earphone used.
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In view of the work described by Charan et al.(1965)

and by shaw (1966), and in viewof the evident |ack of know
| edge of the critical factors which affect the coupling
bet ween ear phone and ear, the coonmttee (Menbers of the
United States of Amrerican Standards Institute witing group
S3-1 - W37) feels that it cannot justifiably wite a standard
for the coupler calibration of circumaural earphones. In the
absence of an acceptabl e coupl er nmethod of calibration,
pressures corresponding to the normal threshold of hearing
for circumaural earphones cannot be determned. Use of these
earphones in pure tone audionetry nust therefore be limted
to laboratory situations in which special know edge and cali -

bration facilities are avail abl e.

The utility value of these circunaural earphones cannot
be assured Wienever sound pressure |evels of pure tones at

eardrum nust be defined accurately.

Unl ess of course,the calibration of the systemconsisting
of the particular earphones and ears (artificial or real) is
t horoughly investigated (2) and the calibration procedure is

reliable.

Therefore, the routine use of circunmaural earphones in
clinical and industrial audionetry cannot be justified, but
should be restricted to | aboratory practi ces where investiga-
tion of calibration procedure in relation to the specific

ear phones can be carried out.
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Continuing problems with the consistency of the MX-41/AR
earphone cushion's physical and acoustical characteristics
have led to the development of a one-pience cushion (Model 51)
by the Telephonies Company. Michael and Bienvenue (1981)
measured the attenuation characteristics of this one-pience
cushion; according to ASA standard 1-1975 (ANSI S3.19-1974).
The attenuation characteristics provided for the wearer by
the model 51 cushions tend to be slightly greater than those
of the MX-41/AR cushion but the differences are not gen rally
significant with o= 0.05. The average attenuation data for
the two cushions were relatively uniform: about 8dB at and
below 3KHz, and about 29dB at and above 3000HZ. A gradual
transition in attenuation levels from 8 to 29 dB was found

at the test bands centered at 1000Hz and 2000Hz.

Richards, Frank and Prout (1979); studied the influence
of earphone — cushion center-hole diameter on the acoustics
output of audiometric earphones. A psychoacoustic experiment
was carried out to evaluate the influence of MX-41/AR cushions
having different centerhole diameters. The threshold of 10
trained listeners were measured with a Bekesy audiometer
(Grason-Stadler, 8-800) equipped with an MX-41/AR cushion having

9/16 of an inch and a 3/4 of an inch center hole diameter.

Thresholds were obtained wtth a pulsed tone at 1, 2, 3, 4, 6

and 8KHz with the Bekesy set at a slow attenuation rate
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(2.5 dB/s). The test frequencies were random zed ?nd the
test cushions were counter bal anced. Each listener tracked
his threshold for 1.5 mnute for each test frequency cushi on

condi ti on.

Results revealed that the thresholds at 1, 2 and 3KHz
were not affected by interchanging the 9/16 of an inch center
hol e di aneter cushion and 3/4 of an inch; Center hole dia-
nmeter. However, at 4 and 8KHz thresholds were 1.5 and 3dB
lower with the 9/16 of an inch than with the 3/4 inch, center
hol e di aneter cushion and at 6KHz the threshol ds were 1.5dB

hi gher .

Thus it can be said that psychoacoustic as well as
acoustical differences exist between cushions having different
center holes dianeters specially at higher audionetric

f requenci es.

2. Studies based on pure tones and noi se:

Ross and Qorig (1975) conpared pure tone threshol ds using
t he Aural done enclosure and a standard cushion (supra—auxal
MX-41/ AR). Threshol ds were recorded in quiet and in the
presence of three |levels of sound field noise using conven-
tional audionetric procedure. They found that there were
differences in pure tone threshol ds between the Aural donme
and the Supra-aural cushions. Specifically the data reveal ed
that the differences were statistically significant only when
testing was perforned in well controlled sound environnent

wi t hout conpeting noise. In quiet conditions thresholds were
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hi gher (poorer) w th Aural donme than t he MX-41/ AR cushi on
wth an exception at 6KHz. Another finding was that signi-
ficant differences were not found in presence of sound

field noise at 50, 60 and 70d8 SPL.

Stark and Borton (1975) studied the differences
bet ween pure tone threshold neasured with the standard
ear phone (MX-41/AR) and those obtained w th the Audi ocups
usi ng conventional pure tone audionetry. 30 nornal hearing
adults age ranging from20 to 29 years were tested in

qui et and noi sy environnent.

The results reveal ed that pure tone threshol ds obtai ned
with audi ocups are alnost identical to those neasure with
supra-aural earphones. Audi ocups reduce the nmasking influence
of white noise nore effectively. They concl ude that audi o-
cups may be used for screening and for threshold audionetry
in less than ideal testing environnments w thout fear of

invalidating the results.

Martin et al. (1971) studied the attenuating properties
of threetypes of noise-attenuating enclosures for audionetric
ear phones. A supra-aural ear defender (RAF MKB) and on
IMX- 41/ AR earcap were used as controls. Measurenents were
done to assess the degree of attenuation of anbient air
borne noi se and variation in threshold of hearing as conpared
with earphones in their normal head band; in a group of adults

and a snmall group of 10 year old children.
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Two pairs of noi se excluding encl osures HAL HEN and
safety supply Conpany; TDH 39 earphones with MX-41/ AR ear -
caps and RAF MR3. ear defender were tested on adults. And
a further noi se excluding encl osure AMPLI VOX AUDI OCUPS and
t he RAF MK3 ear defenders were tested on the adults and
children both. Results showed that there was no significant
di fference between threshold obtained with three types of
fitting i.e. HAL-HEN, Safety Supply Conpany and MX-41/ AR
and the difference in attenuating properties between the
noi se excluding enclosures and the MX-41/ AR earcap were
overal |l statistically significant but in practical terns

smal | .

In view of the w de-spread use of noi se excl udi ng
encl osures for audi onetric earphones used in screening school
children, it was decided to repeat the tests on a group of
10 year old children. The results showed a consi derably
smal | er degree of attenuation for both the RAF MK3 ear

def ender and t he AMPLI VOX AUDI OCUPS (Audi onetric earnuff).

Tillis and Wl | (1974) conpared AC t hreshol ds usi ng
supra—aural audiometric unit consisting of Tel ephonics
Conmpany. TPH 39 ear phone nmounted in an MX-41/ AR cushi on
VS. a matching unit encased i nan Anplivox conpany, in an
actual school screening situation. 30 nmales and 30 fenal es

aged 6 to 12 years were screened. Using conventional AC
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t hr eshol ds neasurenent procedure (Carhart and Jerger, 1959)
each unit at .5, 1, 2, and 4KHz fromeach subject (120

audi ogr ans) wer e taken.

The supra—aural audiotnetric ear phone cushi on was used
either alone or encased in an Anplivox Conpany " Audi ocup”
whi | e the Audi ocup data were clearly nmasked threshol ds at
500Hz and 1KHz, they were 12 and 8dB cl oser to audionetric
"zero" respectively; than the conparable data. Therefore
for school screening the use of the Audi ocup does not atte-
nuat e anbi ent noi se sufficiently to exam ne threshol ds at
audi onetric "zero". But does allow a screening criterion
of hearing lass |ess than = 15dB "pass" event at 500Hz

where the supra-aural unit (MX-41/AR) does not.

Musket and Roeser (1977); obtained pure tone threshol ds
at frequenci es between 250Hz and 8KHz at octave intervals
I ncl udi ng 6KHz, from 24 children between t he ages of 8 and
13 years using a supra-aural cushion (M41/ AR and four
circurmaural encl osure (Aural dame, AR 100R, O ocups; RA-125;
Audi ocups; Anmplivox and Tel ephoni ¢ Audi onetric Headset -
Model 556). The audionetric Headset and Aural done use a

rigid plate to couple to the driver to the pinna.

Testing was perfornmed in quiet and inthe presence of
wi de band noi se presented at 60dB SPL for three conditions.

condition (1) used a TDH 39 driver nounted in the MX-41/ AR
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cushions; (2) used the sane TDH 39 driver nounted i n one
of the circunmaural cushions and (3) which was the sane as

condition (1).

Results revealed no signifiant difference for any of
the factors (test frequency, type of earphone encl osure or
age) for the threshol ds obtained in quiet using the Audi o-
cups, Audionetric headsets and ot ocups. For the Aural done,
t he type of earphone encl osure was found to be significant.
Miltiple - t-testa revealed the differences between the
MX-41/ AR and the Aural done to be statistically significant
at 500Hz, 1000Hz and 6000Hz.

Across frequency, thresholds obtained in noisewth
t he Audi ocups, Audionetric headset and ot ocups were found
to be significantly different. However the threshol ds
obt ai ned using a Aural donmes were not significantly different

fromthe MX-41/ AR cushi on.

3. Studi es based on pure tones al one:

Sergeant and Harris (1970) conducted a study to deter-
m ne differences in audionetric threshold using the usua
audi onettic earphone cushion, the MX-41/ AR and the w |l son
"Sound Barrier" supra-aural muff. Differences in mnedian

audi onetric thresholds for 20 subjects resulting from
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enbeddi ng ear phones in the supra-aural MX-41/AR muff and in
the Wl son "sound Barrier"” supra-aural muff was obtai ned.

Appl ying these corrections to the Wlson nuff with its nuch
superior sound-attenuation properties nmakes passible threshold

audi onetry in much noi sier work spaces than heretofore.

Cozad and Coet zi nger (1970), conpared audionetric and
acoustic coupl er neasurenents on the supra-aural unit vs.
each of these Aural done and Pedersen unit. Audi ograns of
54 normal hearing young adult (Mean age of 30 years) and
acousti c coupl er neasurenents w?re conpared for a supra-aural
earcushion (MX-41/AR) and two circunaural earphone cushion
units at 0.5, 1, 2, and 4KHz. Mean audi ograns wer e reasonably
conpar abl e between the supra-aural and Aural dorme units (Mxi mum
of 3.5dB di screpancy, at 0.5 KHz); substantial differences,
upto 13. 1dB, existed between the supra-aural and Pedersen unit.
Acoustic coupl er differences betweenthe supra-aural and the
Aur al done unit were not conparable with the mean audi onetric
differences (discrepancies at 1 to 4 KHz ranged from6.5 to
8.1dB). However such discrepancies did not exist for the
supra-aural vs. the Pedersen unit. At 4KHz the Aural done can
sinply replace the supra-aural unit if desired, but coupler

data do not validate this transfer.

Lankford and zachman (1971) obtained threshol ds from
the right ears of 14 male and 14 fenal es with nornal hearing
(Threshol d better than 20dB ANSI at each of the test frequen-

cies). The subject's age ranged from20 to 30 years. Threshol ds
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wer e neasured using the supra-aural earcushion and the
Aural done unit at all frequencies fromO0.125 to 8KHz at
octave intervals. Thresholds at each frequency was obtai ned
directly from subject's Bekesy tracing for the pul sed tone
the md point was calculated from5 high and 5 |low - inten-

sity peaks of the tracing.

Results reveal ed that there was no overall significant
difference due to the earphone condition (P>0.05). A sig-
nificant difference was obtained for the frequency condition
(P<0.05) and for the earphone - by - frequency interaction
(P<0.05). The nean differences in dB between the ear phones
reveal ed that Aural done gives higher (poorer) thresholds with
respect to the supra-aural earphone at 9 of the 11 frequen-
cies. At 4 and 8KHz, thresholds were | ower (better than

t hose obtained with the supra-aural earcushion).

It was desired to know whet her a circunaural earphone
coul d, perhaps with sone acoustic correction, sinply replace
t he Anerican Supra-aural Earphone/ Qushion in audionetry, and
if so howto standardize a transfer function for threshol d
sound pressure level. Harris (1971) conpared three circum
aural earphones incorporating in turn the identical panofl ux
PDR-8 driver with the sane driver in M-41/ AR supr a- aur al
ear cushi on. Bekeay threshol ds were coll ected on 26 ears,

SPL out-puts on a flat-plate coupler were traced on a graphic
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| evel recorder with the identical voltage to all earphones and
SPL out puts at the entrance to the hunman neatus of 10 young
nen were recorded by probe tube m crophony, alsowth the

I dentical voltage pattern.
Results of the above study reveal ed the fol |l ow ng: -

a. Al frequencies yielded about the sane (+5dB). Bekesy
nean thresholds through 0.5 to 8KHz, but the standard
devi ation of individual differences between any circum
aural unit re the supra-aural device was 5 to 10dB at
4KHz and up; thus for an appreciabl e nunber of subjects
ci rcunmaur al earphones are not in fact interchangeabl e
wth the supra-aural unit in audionetry in the octave 4
to 8 KHz.

b. Attenpts to specify the SPL's produced by each devi ce by
probe m crophony at the entrance to the nmeatus were only
partially successfull. Mean data were stable through
0.5 to 8KHz, but again, individual variances at 4KHz and
up indicate that equal |oudness does not yeild exactly
equal SPL at the probe tip.

c. Aflat-plate coupler can well store nean threshold SPL for
any circunaural device; acoustic interaction however between
devi ce and coupl er render specific conparisons anong

devices of little use at 4KHz and up w thout psychoacoustic

corroboration.
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d. The circunaural devices tested, with their greatly
superior noi se attenuation, can with certain precautions
be used in screening audionetry where the noi se |evels
cannot be reduced to acceptable | evels.

e. UWsing probe tone m crophones and | oudness bal anci ng
procedures, it was found that sone commercial nmuffs could
be used in audionetry at 500Hz to 3KHz; but at frequen-
ci es above 3KHz they were acceptabl e as screeni ng devi ces

only.

Wod and Fagundas (1972) studied 10 normal hearing
subjects in a sound-treated booth, conventional fixed fre-
guency pul sed tone Bekesy threshol ds were collected (atte-
nuation rate: 2-5dB/sec) at 8 frequencies fromeach eary
twice with the supra-aural unit and twice with the identica

unit inserted inthe Audi ocup.

Results reveal ed that nean threshol d differences were
negligi bl e between the two devices, anounting at the nost
to a correctable 4 and 5dB at 6 and 8KHz respectively. Indi-
vidual differences between thresholds for the two devices
showed standard deviation of a naxi nrum 3.8dB ( Mean- 2. 8dB)
between 5 to 6KHz. The data al so reveal ed that there was
an agreenent between the supra-aural and circumaural units
being best at |KHz that is also in agreenment with the previous

study by Harris (1968).
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4. M scell aneous i nformation

Speaks (1969) investigated differences in performances
bet ween circunmaural cushion (CZU-6) and supra-aural cushion
(MX-41/AR on threshold sensitivity for speech. The results
reveal ed that supra-aural cushion shows slight superiority
of performance but at supra threshold | evel hearing 80dB,
performance were the sane. Thus speech discrimnation was

unaf fected by the choi ce of cushi on.

Chaiklin and MQellan (1971); investigated the audi o-
nmetri c managenent of collapsible ear canal s by performng
pure tone audi onetry under six conditions with 12 subjects
havi ng normal hearing and nornal ear canals and 12 subjects

with col |l apsible ear canal s.

Sound field audionetry provided valid and reliable
threshold estinmates. Wth appropriate calibration, a circum
aural earphone assenbly provided valid and reliable results
bet ween 125 and 3000Hz but produced | arge intersubject diffe-
rences above 3000HZ. A hand hel d supraaural earphone was
effective above | 000Hz but grossly unreliabl e bel ow 1. 5KHz.

A snall war insert was relatively ineffective ia neutralizing
the effects of collapsible ear canals. Thus it can be said
that sound-field audionetry or a circunaural ear phone are

useful for assessing patient's collapsible ear canals and
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that earnol ds, ear inserts or polyethyl ene tubing are in-

appropriate solutions to the probl em

Ears that col |l apse from audi oneter ear cushion pressure
may show el evated stapedial reflex thresholds. In such cases,
erroneous j udgenents about the status of a patient's hearing

are possi bl e.

Erwn et al.(1976); studied 15 nornmal ears and suggested
that the use of a circumaural ear cushion on the inpedance
audi onet er headset is an effective nethod of dom nating outer
ear closure and the resulting spurious thresholds, when the
proper correction values by frequency are applied to the audio-
neter dial reading. For reflex thresholds taken w th inpedance
bridge; it has been found that simlar shifts (poorer thresh-
ol ds) occur when the sanme ears are tested first with the
supra-aural and then with the circunmaural (NAF-48490-1) cushion

t he ear phone.

Erwn (1980); reported the use of NAF-48490-1 circum
aural ear cushions on audi oneter earphones to prevent pinna
or ear canal collapse and to ensure patent ear canal s during

audi onetry.

When a financial conpensation for hearing loss is to be
calculated fromthe results of audiol ogi cal eval uation, some

agencies require pure-tone air conduction thresholds to be
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determned at 3000Hz. should a patient who has entered
a hearing | oss conpensation cl ai mhave col |l apsi ng pi nnae
or ear canals. Qrcunaural ear cushions are used on the
audi oneter earphones to avoid spurious elevation of thresh-

ol ds, a dial correction for 3000Hz may be necessary.

Ten adult patient aged 25 to 60 years served as the
subjects. Pure tone average for these subjects ranged from
5to 65dBHL. Hearing | oss wer e consi dered t o be sensori neural .
The ears of each subjects were exam ned by pal patron and
ot oscopi ¢ examnation was done to rule out collapsing ears
or other occluding conditions. A pure tone airconduction
threshold was determned at 3000Hz for one ear of each patient.
After threshold determnation with the supra-aural ear
cushion, the cushion was replaced with an NAP-48490-a cir-
cunaural ear cushion, and threshold at 3000Hz was taken

agai n.

Results showed that |istener threshold taken with the
circunmaural ear cushion averaged 6.25dB poorer than did
threshol ds taken with the sane earphone and supra- aur al
cushion. The t-test for significance of differences between
neans of two correl ated sanples was significant (t=4.79)
at the 0.002 level (P<0.002). These results suggests that
a dial correction of 5dB shoul d be applied when taking a
pure tone threshold at 3000Hz usi ng an audi onet er ear phone

fitted wwth an MAP 48490-a circumaural earcushi on.
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Subj ect s:

Twenty subjects (10 nmal es and 10 fenales) in the age
range of 17 to 25 years, with a nedian age of 20 years
took part in this study. The selection of subjects was

done on a random basis and net the following criteria:

1. They shoul d not have any history of ear discharge,
tinnitus, ear ache, headache, gi ddi ness exposure to
| oud noi se or any other otol ogic conpliants.

2. Hearing sensitivity within 20dBH. (ANSI 1969) at

frequenci es from250Hz to 8000Hz at octave intervals.

| nst rument used:

A Madsen TBN 85 Audi oneter, TDH 39 earphone with a
supra—aural earcushion and a circurmaural earcushion within
ME 70 headset were used. The audi oneter was cali brated

according to the specifications given by ANSI 1969, |SO 1975.

Test Envi ronment:

The study was carried out in a sound treated one room
condition. The anbient noise |evel, present in the test
roomwere bel owthe permssible (1S0O1964) maxi num al | owabl e

noi se | evel .
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Pr ocedur e:

The subject was seated on an armchair so that the

control panel of the audionmeter was out of his |ine of vision.

Testing was conducted on only one ear of each subject
wi th the choice being right ear. One pair of TDH 39 ear-
phone was used in the present study. During testing proce-
dures. G rcunaural earcushion and supra-aural earcushion
were interchanged for threshold determ nation respectively

for each subject.

Threshol ds wer e obtai ned for pure tone at the test
frequenci es (250Hz to 8000Hz) at octave frequency includi ng
6000Hz) using both the circumaural as well as supra—aura
ear phone-cushion in an acoustically sound treated room The
order of testing was randomzed so that half of the subjects
were tested using circumaural ear cushion first and supra-
aural later. And for the remaining half the order was reversed.
Pure tone threshol ds were established using the Mdified

Hughson- West | ake procedur e.

The follow ng instructions were given:

"You w |l hear a tone in your right ear. Raise your
i ndex finger when you hear the tone. Even if you hear a soft

signal, raise your finger and hold it up as long as you hear
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the tone. when you no longer hear it, bring your finger

down".

The threshol ds were recorded nmanual ly (for both circum
aural and supra—aural earcushion) and were tabul ated for

statistical analysis.
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RESULTS AND DI SCUSS| ON

The present study was ained to conpare the pure tone
ai r-conduction thresholds at 250Hz to 8KHz at octave inter-
val s including 6KHz using supra-aural and circunaural

ear cushi on anong nornmal s.

The study was perforned on 20 normal subjects in an age
range of 17 to 25 years. Pure tone air-conduction threshol ds

wer e det erm ned usi ng Modi fi ed Hughson- West | ake Procedur e.

The data col |l ected was statistically analyzed. The Mean
and Standard Devi ati on of pure tone threshol ds, obtained using
supra-aural and circumaural earcushion at different frequencies
are presented in Table-1. The nean threshol ds are al so graphi -

cally represented in Fig.l.

The tabl e indicates that the supra-aural earphones vyiel ded
better thresholds at four of the seven frequencies but the
di fferences between Mean thresholds are very small. Threshol d
differences for individual subjects were never greater than +10dB
at any frequency. The difference was not statistically signifi-
cant. It appears therefore that those threshol ds obtai ned using
t he circunmaural enclosure are no different than those obtai ned
usi ng supra-aural earphone arrangenent (supported by Stark and

Borton 1975).

The nean threshol d obtai ned using circunmaural and supra-
aural ear cushions are conpared in Fig.2. The mean differences

in dB between the circunaural and supra-aural earphones reveal ed
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that circumaural gives poorer (i.e. higher) threshol ds when
conpared to the supra-aural earphone threshold at six of the
seven frequencies tested. The only exception being at 4KHz
where the nmean differences between the two threshol ds was
Q5dB i.e. both types of earphone-cushi on conbination yi el ded

al nost sane t hreshol d.

Contradictory to the findings by Harris in 1968, the data
showed an agreenent in threshol ds between the two set ups.

This was particularly true for the 4KHz pure tone.

The nean standard deviation conputed across all the fre-
guenci es was 6.092 dB for circunmaural and 6.095 dB for supra-
aural earcushion. The suggest that the S D. for the two

earcushion is al nost the sane.

This signifies that the variability in threshold is the
same irrespective of the type of ear cushion used, at all fre-
guenci es except at 500 and 8000Hz. This is in agreenent with

t he finding of Wood and Pagundas, 1972.

Tabl e-11 shows significance |evel at different frequencies

obt ai ned from "The WI coxon Mat ched-Pairs S gned Rank Test™".

A further statistical analysis was done to exam ne the
significant difference between the air conduction threshold.

obt ai ned by supra-aural MX-41/ AR and circunaural earcushi on.
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"The W eoxon Mat ched Pairs Signed- Ranks Tests* was used
to find out the significant difference between the two set-

ups.

Anal ysis of the data reveal ed that the differences
bet ween supra-aural and circurmaural were significant at
250Hz and 6KHz at all levels of significance (0.05, 0.02
and 0.01 level of significance). A 500Hz, 1KHz and 2KHz
significant difference was found at 0.05 and 0.02 | evel of

si gni fi cance.

The nost inportant finding was that there was no signi-
ficant difference between the two units (supra-aural and

circunmaural ) at 4KHz and 3KHz.
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Tabl e-11 Showi ng | evel of significance obtained from "w | coxon
Mat ched- Pai rs si gned—+anks test* between the two
earcushi ons supra-aural and circumaural .

Frequency Leve/ of significance
250Hz o

500HZ o

i OO0Hz i

2000HZ "

4000HZ Not significant
6000HZ b

8000Hz Not significant

NB: * P<0. 05
** P<: 0. 02
**x%x pPrQ, 01
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SUMVARY AND CONCLUSI ON

The present study was ained at answering the follow ng
guesti ons.
1. Do the pure tone thresholds differ with the type of ear
cushi ons?

2. If yes, is the difference; frequency specific?

A sanpl e conprising of 20 subjects (10 nmal es and 10
females) with normal hearing and with nedi an age of 20 years

wer e t est ed.

Pure tone threshol ds at 250Hz, 500Hz, 1KHz, 2KHz, 4KHz
6KHz and 8KHz were established using Mdified Hughson
West | ake Procedure. The right ear of each subject was tested
separately with circunaural (w thin Me-70 headset) and supra—

aural earcushion (MX-41/ AR).

The present study has revealed that in no instance did
a subject's (individual threshold) threshold using a circum
aural differ fromthose obtained with supra—aural by nore than
+10dB in quiet condition, i.e. the difference was not stati -
stically significant. |t appears therefore that these thresh-
ol ds obtai ned using the circunmaural enclosure are no different

t han those obtai ned usi ng supra—aural earphone arrangenent.

Based on the above results it may be inferred that the

two types of ear cushions may be used interchangeably.
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Thi s observation however, is restricted to threshold
measurenent in a sound treated room Further studies need
to be carried out before generalizing these results to

supra threshold tests and for tests in noisy environnents.

Reconmmendati ons for future research;

1. Smlar experinents can be carried out by testing both
the ears (Rght and Left).

2. This study can be done on |arger popul ati on.

3. Dfferent stimuli or testing conditions can be used to

assess the utility of a particul ar earcushion.
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