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| NTRODUCTI ON



| NTRCDUCT! ON

Pure tone tests are the basic tests to find hearing
sensitivity and are al so the basic clinical tools for
initiating differential diagnosis. These tests al so suggest

the site of |esion.

Daring the early pact of 19th century. Bone conduction
val ves wer e used diagaostically, to differentiate conductive
hearing | oss and senaorinearal |o0ss. Bone-conduction val ues
provide the sensitivity of the auditory mechanismas a

functional unit.

I n the past three decades t he neasurenent of bone-conduc-
tion threshold has gained clinical inportance because of the
devel opnent of new surgical procedures. The nmagnitude of the
conductive conmponent is indicated by the di screpancy between

air conduction threshold and bone conducti on threshol d.

| nspite of the inportance and extensive use of bone—
conduction neasurenents the clinical assessnent has been
pl agged by nunerous inherent problens. Carhart and Hayes
(1950); Fieldnman (1961) have pointed out the reliability of
nmeasuri ng bone conduction threshol ds, Wi ch has been wi dely
mstrusted. Because of the errors arising fromseveral sources,
the reliability and validity of bone conduction results are

limted. The potential sources of error can be instrunental.



subj ect selection error, experinmenter error or physiological
technique. At the sane tine basic principles of bone conduc-
tion audionetry are not clearly understood, and so the tests

are often used inefficiently and inaccurately.

Anmong the nunber of variables which affect the bone con-
duction threshold, inportant variables are:
1. Physical characteristics of bone conduction vibrators

2. The force applied to the bone conduction vibrator on
t he skulI.

3. Placenent of bone conduction vibrators.
4. Pal | est hesi a.
5. Intersubject variability of the nmass of the head, the

t hi ckness and el asticity of the bones of the skull, the

t hi ckness of skin and tissue covering the nastoid bone etc.

Further the calibration of bone conduction vibrator is

very inportant and a major variable. Till today there is no
one standard nethod of calibration of bone conduction vibrators.
The probl emof calibration has been solved to sone extent
after artificial nmastoids cane into the picture. The calibra-
tion of the bone conduction vibrator is nore difficult than
that of the earphone and the reference zero values are | ess
clearly defined (Davis and Gol dstein, 1970). The basic probl em
I n bone conduction vibrator's calibration is the lack of reliable

I nstrunent for measuring the out put.

Lateralization further creates problens for the testing

of bone conduction thresholds. Interaural attenuation for bone



conduction is negligible irrespective of the placenent of the
vibrator on the skull. so, unless the non-test ear is nasked

by an adequate air conduction masker, getting true threshol ds
for the test ear is not possible for the bone conduction
skimuli. But there are divergent opinions about when the

mask and anmount of noi se to be given etc. Even central Masking
affects bone conduction thresholds. In bilateral conductive

| oss cases (Naunton's Dilema) Masking is not possible. Sone
times patients have hearing | oss so severe that the contral a-
teral ear cannot be masked. O even if masking is tried in sone
patients it is ineffective (Leden et al 1959 and Hood, |960).
The pattern of hearing | oss changes the quality and effective-
ness of whitenoi se (Naunton, 1952; Zw sl ocki, 1951). Air-bone
gap in the nmasked ear increases the m ni mummaski ng by an anmount
equal to the air-bone gap. Air bonegap in the teat ear reduces

t he maxi rummaski ng by an anount equal to the air-bone gap.

Bone- conducti on t hreshol ds shoul d be normal in pure conduc-
tive |l oss cases theoretically. The bone conduction sensitivity
I s not independent of the state of the m ddl e ear has been
i ndi cated. The neasurenent of bone conduction cannot be consi -
dered as an exact indication of the cochlear reserve in cases
of stapes fixation. One sees Carhart notch in otosclerosis cases.
External ear and/or m ddl e ear inpairnments such as nastoi dect ony
(Bekesy, 1939; and Tandorf, 1966). Qitis Media (Hul ka, 1941;
Naunt on and Fer nandaz, 1961; Carhart, 1962; Hui zi ng, 1964; D rks



and rmal nqui st, 1969) and nalleal fixation (Goodhill, 1966)

can after the bone conduction thresholds. Producing a posi-
tive or negative change of air pressure in the external audi-
tory neatus causes a change is sensitivity for bone conduc-
tionaswell as for air conduction. (DonaldD rks, 1973). A

bone conduction curve is better than normal at |ow frequencies
and poorer than normals at high frequencies is common in mddle
ear disease (Lierle and Reger, 1946). Usually bone conducti on

t hreshol ds are not normal in cases of otoscl erosis.

An accurate neasurenent of bone conduction sensitivity is
very inportant because precise neasurenment of bone conduction
t hreshol ds gi ves essential diagnosticcluesand also the treat-

nment depends to greater extent onbone conducti on neasurenents.

Sone ot her tests were devel oped in order to overcane sone
of the above nentioned probl ens to neasure bone conduction
sensitivity.

1. Dfference linen test as described by Jerger (1953).

2. Rainville techni que (1955)

3. Brief tone audionetry as described by M skol ezy Fodor (1956).
4. Sensorineural acuity level test by Jerger and Tillnman (1960).
5. Mdified Rainville test by lightfoot (1960).

These tests too have fewdenerits. WM ncent WByers (1974)
gave one test to nmeasure bone conduction sensitivity and is called

as "conductive SIS test". This test is based on short i ncrenent



sensitivity Index (SISI) test. Here the hearing |evel at
whi ch 100%SI SI scoreresultsis aredetermned. Thenthe bone
conduction threshold can be determ ned by using the formula:
BCTH dB = 60dB + ACTH dB - H L dB (100%SI SI') when direct
bone conducti on nmeasurenents are not possi bl e or when a bone
conduction threshold is questionabl e then conductive Sl S

test can be used to determ ne Bone conduction threshol ds.

The conductive SIS test has got the advantage over the
conventional bone conducti on measurenents by overcom ng sone

of the sources of errors.

An attenpts was nmade by Narendran in (1975) to know the
validity of this technique at four test frequencies viz. 500Hz,

| 000Hz, 2000Hz and 4000Hz.

The present study was planned to verify the useful ness
of "conductive SISI" test as aclinical tool in determning
t he bone conduction threshol ds at |ow frequencies viz. 250Hz

and 500Hz.

Pur pose of the study:

The purpose of the study was to test the follow ng nul

hypot hesi s.

1. There is no significant difference between bone conduction

t hreshol d obtai ned by conductive SISI test at |ow frequencies



(250Hz, 500Hz) and conventional bone conduction threshol d
obtained in normals, conductive hearing |oss and sensory

neural hearing | oss patients.

Brief plan of the study:

Conventi onal bone conduction tests and conductive SIS
test were admni stered to conductive hearing | oss patients,
sensorineural hearing | oss patients and on 15 normal subjects.
Al the nmeasurenents were done in a sound treated room usi ng
GSl - 16 Audioneter. The conventional bone-conduction threshol ds
and bone conduction threshol ds obtai ned by conductive SISl
test were conpared. Subjects with normal hearing served as a
criterian group to find the hearing |evel at which 100% Sl S
scores in obtained. The test was admnistered at two test

frequenci es vi z. 250Hz and 500Hz.
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REVI EW OF LI TERATURE

One known f act that theprincipal abjectiveof puretoneaudio-
metry is to determne the sensitivity of the human auditory
system The main objectives of the pure tone audionetry are:

1) to find out the earliest sound a person can hear.

2) how a person hears and where he hears. A nore sophisticated
view hol ds that pure tone audionmetry is a neasure of the
sensorineural apparatus and the adequacy of the mechani cal
systemof the ear. Thus testing bone conduction acuity
provide information for the 1st area (sensorineural apparatus)
whi | e air-conduction testing provide us with sone information

about both areas.

Bone conduction phenomenon i s nore conpl ex and conplicated
than air conduction. The clinical testing of bone conduction
has | ong been essential and inportant in the neasurenent of
cochl ear reserve. Carhart (1950) and Fel dnan (1961) pointed out,
the reliability of nmeasuring bone conduction threshol ds has been

wi dely m strusted.

In clinical audionetry bone-conduction neasurenents are
frequently used. Bekesy (1932) was the first man to denon-
strate that node of excitation of the cochlear receptors was

same for both air conduction and bone conduction signals.

Comparison of air conduction and bone conduction threshol d

Is still the nost definitive nethod for determning the degree
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and type of hearing loss (Ventry et al, 1971). The neasurenent
of bone conduction thresholds must be reliable and valid for

the differential diagnosis. Carhart and Hays (1950) and Fel dnan
(1961) questioned the reliability of the bone conduction

measur emennt s.

Several variables have been singled out inthe literature
as having special influence on the reliability of bone conduc-
tion measurenents, such as type of vibrator enployed force
exerted by the vibrator, the presence or absence of a masking
stimulus in the non-test ear, the location of the vibrator on
the skul I.

Air pressurevariation in external auditory canal |oading
of tyapanic nenbrane, alteration or renoval of structures of
the mddl e ear, occlusion effect, size of the bone conduction
vibrator, individual differences in the mass of the head and
anbi ent noi se | evel .

Donald Dirks (1964) found that consistently greater elec-
trical output fromthe automatic audioneter was needed to reach
threshold with the grenade vibrator than with the hearing aid
type vibrator, Sanders and O sen (1964) and WI ber and Goodhi |
(1967) have reported undesired harnonic distortion at lowfre-
quencies for a nodern hearing aid type vibrator. The physica
characteristics of bone conduction vibrators are different from
air conduction receivers and are nore problematic. They need nore
power than the air conduction vibrators in order to reach the
threshold in normal ear.



The force applied to the bone conduction vibrator on the
skul'| is another variableia bone conduction measurenents. The
| oudness with which certain sounds are heard by bone conduction
wi Il vary markedly as the pressure of the vibrator against the
skull is varied fromlight to firmcontact (Reger, 1966).

Less energy is required to reach threshold by bone conduc-
tion as vibrator force is increased. Application force of the
vibrator significantly affects the threshold and acts differentially
across both frequency and vibrators (Konig, 1957). Konig (1957)
suggested that bone conduction receiver application force of 1000
grans i s desirable in clinical audiometry. In the proposed,
International standards for bone conduction thresholds the
suggested application force will be approximately 500 grans for a
bone vibrator with a plane circular face area of 1.75 cnf.

Bone conduction vibrator has to be placed properly for nmaxi num
sensitivity of the patient. Bone conduction vibrator can be
placed at various locations. The frontal bone and nmastoid process
have received the nost attention aa sites of placenent of the
vibrator though teeth and vertex of the skull can also be used
as pl ace of bone vibrator (Barany, 1938; studebal ker, 1962).
Vi brator cannot be placed anywhere on the crani umbecause of the
pl acenent problemand disconfort to the patients. The relative
threshol d, also varies depending upon the position of placement
on crani um
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Bekesy (1982), Link and zw slocki (1951) and Hood (1957)
advocat ed the use of positions al ong the nedi umsagital bene such
as the forehead or vertex. Dirks (1964} too suggested fronta
bone pl acenent for reliable bone conduction infornation.

Bone conduction measurenents fromfrontal placenent gives
test-retest-reliability (Bekesy 1932: Hart and Naunton, 1961).
Frontal bone tissue is honogenous. Studebaker (1952) and Dirks
(1964) did not show test-retest-differences. At forehead the bone
density and skin thickness vary |ess, hair and cartilage do not
Interfere and airconduction |eakage through the vibrator is |ess of
a problemthere is a reduction of localization by virtue of
suggestion.

whi | e some clinicians advocate forehead pl acement of the bone
conduction vibrator, mastoid placenment has one outstanding virtues
hearing is nore sensitive with this placement, as opposed to fore-
head pl acenent, by afactor of 5to 15dB, dependi nguponfrequency.
At 250Hz, the mean data show that mastoid placament results in 15dB
better thresholds than forehead placement while at 4000Hz, this
difference is closer to 5dB (Dirks, 1978).

The participation of mddle ear is |ess at frontal placenent
of boneconduction vibrator. Link and zw slocki (1951) using
patients with mddle ear pathology found the pathol ogy exers |ess
I nfl uence upon boneconduction fromforehead than it does in mastoid
placament. Lipply et al(1966) indicate, inproved boneconduction
threshol ds; particularly at 500Hz and 1000HZ are obtai ned when the
bone oscillator was placed on the central incissors rather than
the mastoid area.
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Frontal placenent of vibrator has fewdenerits. Link
and Zw sl ocki (1951) and studebaker (1962) show that the
threshol ds at forehead are higher at all frequencies thaa
t hose obtained at mastoid. Feldman (1961) shows in a study
that the thresholds at frontal placenent is 10dB hi gher than
the mastoid thresholds. Donald Dirks (1964) and Tillman
i ndicated that the magnitude of the difference between the
frontal and mastoid threshol d decreased as the frequency
Increased, with frontal placenent masking nust al ways be
present ed.

General 'y bone-conduction threshold is expected to be
better when the vibrator application force is increased, but
t he studies donot agree with this principle. Bekesy (1939)
and Koni g (1955) found that the change in bone conduction
threshol d i s nmaxi mumwhen the vibrator application force is
| ess than 750 gns and a very snmall change was found when the
static force was 1800 and 1500 gns. Depending on these
findings Korg suggested that the coupling force should be
approxi mately [000gns to have a mnimumvariability of bone-
conduction threshol d.

Harris et al (1953) investigated the effects of increased
application force from100 to 500 gms, at the test frequencies
of 250, 1000 aad 8000Hz. The greatest change in the threshold
was found at 250 Hz. according to them the application force
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shoul d be standardi zed sonewher e bet ween 200 gns. to 400 gns.
Theresults of the two aforesaid studies do not agree w th each
ot her. Dadson (1954) observed change i n nechani cal i npedance

by varying the force of application. According to the inter-
national standards for bone conduction threshol ds, the bone-
conduction vi brator application force shoul d be approxi natel y
500 gns for a bone vibrator with a plain circular face of 1. 75cnd
commertially avail abl e head bands exert a static force of

approxi natel y 360 gns to 400 gns when the vibrator ig placed

on the mast oi d process of adult subjects (DO rks, 1965; S audebaker,
1962) .

MN Wasamurthy et al. (1977) studied the change to bone
conduction output for various force values from100 gns to
| QOgns in 100 gns steps. Theresult indicates alittle change
I n bone conduction. Qutput at 250 Hz for the static forces
wer e ranging from 100 gns to 1000 gns and t he change was nore
at the frequencies 3 KHz and 4 KHz for the | ower static forces.
However the change i n bone conduction output was very little
for a static force of 400 gns to 1000 gns for all the test

f requenci es.

There are few factors whi ch cannot be control | ed by the
examner i.e. the nmass of the head, the thickness, the density
and el asticity of the bones. O the many researchers including,
Bekesy (1932) and Barany (1938) have poi nted out that placenent

of vibrator on the nastoi d has di sadvant ages, because:



1) Shifts in the position of the vibrator causes larger variation
I n mast oi d pl acenent.

2) Intersubject variation in skin and underlying tissues are
greater at the nastoid.

3) Mddle ear influence is nore at the mastoid.

4) Bone conduction thresholds can be affected because of nastoid
aircells.

5) Vibrator may touch the pinna and produce hearing by air
conduct i on.

Al though the air conduction pathway ia generally considered
to be the principal nmode of sound transm ssion, the novenents
of a vibrating body may al so be transmtted to the inner ear
through direct contact with the skull (Drks, 1974).

Rosenblith (1951) and Kirikae (1955) also agree that shifts
of the oscicles in the mastoid is greater than 3 cmin any
direction, affects the bone conduction threshol d val ues.

Naunt on(1963) al so points out that the mastoid placenent
too often | eads, both tester and patients to assune that the ear
on the side of the bone conduction receiver is the one being
stinul ated when infact the intersural attenuation for bone con-
duction sound ia near zero aad both ears may be stimul ated
equal Iy by a receiver on either nastoid.



Many researchers used different positions in order to
avoi d the di sadvant ages of mastoid placement of bone conduc-
tion vibrator, skull, the thickness of skin and tissue
covering the nastoid bone and the degree of pneunatisation of
the mastoid etc. are inter subject variability. In bone
conduction neasurements these affect the threshold of the

I ndi vi dual .

| n bone conduction measurements pal |l ot hesi a gives fal se
results at |ow frequencies. When sound vibrations reach a
sufficiently high intensities they may be perceived through the
sense of touch. Barr (1955) described this as "Artifactual
bone conduction". Newby (1964) and Reger (1965) al so indicated
t he presence of vibrotactile sensitivity at |ow frequenci es.
Since the bone conduction vibrator is specially designed to
transmt nmechanical vibrations to the mastoid region, the
probl emof vibrotactile stimulation becones nore acute in bone
conduction audi onetry (Boot hroyd and Gawkl ueel, 1970).

Verrillo (1975) suggested that it may be safely assumed
t hat bone conduction threshol ds neasurenents above 1500Hz nay
have nore credibility than those obtained bel ow that frequency.

The calibration of bone conduction receiver has been a
problemto the clinical audiologists for years and is another
variable. The AMA (Anerican Medical Association) and Hedgecock

14
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(1961) proposed the conparison of air conduction and bone
conduction threshol ds on normal hearing persons for calibra-
tion. Biological calibration may not give good results

because intersubjact variability and test retest differences
are larger (Wl ber and Goodhill 1967). The results of

the study by sanders and O sen (1964) by using Weiirs artificial
mastoid indicated that reliability for day to day neasurements
was good and the artificial material had good stability over

an extended period of tine.

| i ght f ood and Hoare (1979) have recently shown significant
di screpanci es between different vibrators calibrated oa diffe-
rent devi ces.

Cal i bration problens can cause difficulty with test
reliability. Inthe past few years a new bone vibrator (the
Radi oear a-72) has been designed for hearing assessment. This
new vi brat or appears to have | ess harnonic distortion at
i nportant frequencies for clinical testing and an i nproved
dynam c range at 250Hz. The newvibrator is nore bul ky and some
clinicians conmplain of difficulty obtaining an adequate confort-
abl e seal on the skull with the newvibrator. This nay be due
to t he new headband assenl y desi gned for the B-72 which
yields is excess of 500 gms. of pressure on nost heads (Dirks
and Kamm 1975). As of this date, thereis nocalibration
standard accepted by ANSI for the B-72 vibrator. A working
approxi mation can be found by adjusting the ANSI 53.13.1972



1€

standard fox the appropriate placenent and artificial nmastoid
using the data of Dirks aad Kanm (1975); Billings and Wnter
(1977); and Dirks et al (1979).

Anot her variabl e which affects the bone-conduction neasure-
ment is lateralization and this is difficult to resolve in bone
conduction testing. In 1834 Weber described only the phenomenon
of lateralization of bone conduction on the occlusion of
external auditory meatus. Hood (1957) and Fel dman (1961)
considered interaural attenuation for bone conductions to be
essentially negligible. so, both the cochleas will be stimnulated
irrespective of the placement of the vibrator. Bekesy (1932),
Bareny (1938) and Kirikae (1959) denonstrated that both ears are
stinmulated to approximately the sane extent irrespective of the
pl acenent of the vibrator because the vibrator transmts the
energy to the whole skull.

So, while doing bone conduction it is necessary to mask
the non-test ear for the true thresholds. Disagreenment on the
appropriate signs and indications for the use of masking in the
non-test ear still exists.

Wagel and Lane (1924), Carhart (1950), Zw slocki (1953),
| ngham(1957), studebaker (1962) and Treisnman (1983) have
reported shifts in threshold for bone conduction due to masking
inthe contralateral ear. As the |evel of the noise in thenon-
test ear increases thereis a small but gradual shift in the
threshol d of the teat ear.
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The efficiency of the nmasking depends upon the frequency
spactrumof the masking stinulus. (Fel dman, 1961).

The maski ng nust be performed careful ly at ascendi ng
masking levels to attain the true masking 'plateau' at which
the test ear is being tested without undue central or cross
over masking effects.

An effective masking concept is recomended for clinical
use, a more conprehensive coverage of this is provided by
Sanders (1978). Thi s approach necessitates construction of
an effective masking table for each piece of audionetric equip-
ment used.

Donal d Dirks says that the conmon clinical problens of the
nonavail abi ity of sufficient masking in the non-test ear is
partially alleviated by the use of narrow band masking. Noise
in the non-test ear influence the threshold of the test ear.

A small but gradual shift in the threshold of the test ear
with the increase in the noise level in the non-test ear is
because of central masking, So, a corrective factor have to
be introduced when thresholds are measured, wth higher levels
of noise in the opposite ear as suggested by Donal d Di rks(1967).

Wil e testing conductive inpairnent occasionally problem
of over masking comes in doing bone conduction. Ralph
Naunt on (1960) states, "There are theoretical grounds for



believing that in testing the hearing of some subjects with
bi | ateral conductive deafness, it is inpossible adequately

to mask the hearing of the opposite ear without at the sanme
ti me masking t he hearing of the test ear". Because of
Naunton's Dl ema, opti numnasking is not possible in bilatera

conducti ve | oss.

Sone patients have hearing | oss to such an extant that the
contral ateral ear cannot be nmasked effectively (Leden et al
1959 and Hood, 1966). Masking is also influenced by t he presence
of an air bone gap. Air bone gap in the test ear reduces the
maxi nummaski ng by an anmount equal to the air bone gap. Ar bone
gap in the masked ear increases the m ni rummaski ng by an anmount

equal to the air bone gap.

The phenonenon of occl usion effect further conplicates
the problem Kelley and Reger (1937), Martin and schlieffer
(1969) and Jerone Liebrman (1968) found that occlusion effect
is frequency dependent. QCcclusion effect is elimnated in
m ddl e ear pat hol ogi es. Dependi ng upon t he pat hol ogy, occl usi on
effect varies. Intersubject variability of occlusion effect
is very high, (Feldnman, 1961) and E pern and Naunton, 1963).
The occl usion of the ear under test introduces new and not

easily control |l abl e vari abl es.

I n conductive | oss subjects, bone conduction thresholds are

expected to be normal but bone conduction | oss increases with

1¢



19

Increasing duration of mddle ear disease. Tondorf (1966)
suggests that mddle ear contribution is not confined to | ow
frequencies as the classical theories suggests. The concepts
that stapes fixation elimnates inertial bone conduction is
rej ected because in clinicsshigh frequency loss is seen.

Patients with otosclerosis who possess normal cochl ear
and neural functions do not yield conpletely nornmal bone
conduction audi ograns. Carhert (1950) and MConnel (1950)
suggests that the typical reduction in sensitivity in stapes
fixation cases in 5dB at 500Hz, 10dB at 1000Hz, 15dB at
2000Hz and 5dB at 4000Hz. This depression is the threshold may
result fromnechanical factors rather than fromsensorineural
invol venent. This is known as Carhart notch. The types of
configuration for stapes fixation and other mddle ear
pat hol ogi es helps is differential diagnosis. Goodhill (1965)
reported a Carhart type notch extending into higher frequencies
for apatient wwth a surgically confirmed nalleolar fixation
The amount of bone conduction | oss depends, upon the degree of
fixation. Donald Dirks (1972) report that the inprovenent in
otosclerosis is due to the nechanical changes in the oscicul ar
systemand not due to cochlear nodification. Carhart reported
that the anount of inprovenent in the post operative bone —
conduction |evels correspond closely to the average shifts
in the bone conduction |evel responses due to stapedia
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fixation. A case in which bone conduction threshold were
altered fol lowi ng radi cal nastoi dectony was denmonstrated by
Bekesy (1939) and Tondorf (1966). Palva and G al a (1955)

did not find a shift in bone conduction thresholds in otitis
medi a patients. Huising (1960) also reported bone conduction
threshol d changes in patients with otitis media tubotynpanities
and chronic inflamatory processes. |nprovenent in bone conduc-
tion thresholds at the |ower frequencies when the fluid present
inthe ears of the bilateral secretory otitis nedia patients
was observed by Naunton and Fernandez(1961). Bl uvshtein (1963)
reported that 37.5%of his patients with chronic otitis media
were found to have sone | oss of cochlear function. Mastoid and
frontal bone conduction thresholds are affected simlarly if
some alterations are made in the mddle ear. (Donald Dirks

and Mal ngui st, 1969).

It has been denmonstrated with normal hearing peopl e that
bone conduction responses can be altered experinentally by (1)
The occlusion of external auditory canal (Pohlman and Kranz
1926, Bekesy, 1932, Kelley and Reger, 1937, Watson and Gal es,
1973 et al ). (2) Air pressure changes in the external auditory
canal (Fow er, 1920; Barany, 1938; Loch, 1942; Kirikae, 1959;
Al'l en and Fernandez, 1960; Huizing, 1960). (3) Loading of the
t ynpani ¢ menbrane (Barany, 1938, Rytzner, 1954; Kiral eae, 1959;
Al en and Fernandez, 1960; Abu-jaudeh, 1964; Brinkman, Marreas
and Lol k, 1965).
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Bone conduction thresholds do not represent a pure
estimate of cochlear reserve in conductive hearing | oss.
cases has been denonstrated by the accomml ated substanti al
data. Donald Dirks (1972) reports that this is a short
com ng.

In clinical audiometry accurate neasurenent of bone
conduction is very inportant and this condition is not satis-
fied by the conventional bone conduction audionmetry. So,
to solve this problemof obtaining nore accurate bone conduction
val ues, other alternative nethods were devel oped.

Difference linen technique for establishing sensorineural
acuity was described by Jerger in 1953. But this test was not
used regul arly because of poor standardization

Rainville in 1955 proposed a nodified bone conduction

test. but his method proved to be a cunbersone clinical tool.

Di sadvant ages of this method are occlusion effect and probl ens

of instrunentation. Even fromauditory adaptation which occurs
during the time required to mask the threshol d, tone error may
occur. Coldstein, Hayes and Peterson (1962) reports that,for

t he conductive and m xed hearing | oss groups the bone conduc-
tion threshol ds obtai ned by convention and Rainville techniques
were highly simlar at 2KHz and 4KHz, but significantly different
at 250HZ and 500Hz. But for sensorineural hearing |oss group
subj ects threshold by both the Methods approxi mated at all |evels.
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In 1960 Lightfoot nodified Rainville technique. Jerger
sad Tillmn (1960) al so modified this technique which is known
as sensorineural acuity level (SAL) test. Threshold shifts
for pure tones were measured produced by an intense thermal
noi se introduced to the forehead by bone conduction. The
threshold shift of the patients with inpaired hearing was then
subtracted fromthe shift established on subjects with normal
hearing. The difference between these two are called sensori -
neural acuity |evel

Carhart (1962) reported the counterpart of the Carhart
notch appears in SAL test results. Carhart (1962) also reported
t he advantage of the SAL technique i.e. it elimnates danger
of ignoring unsuspected shadow responses. Questions regarding
thevalidity of the SAL test as a method for quantifying
sensorineural acuity have been raised by Naunton aad Fernandaz
(1961), CGoldstein et al (1962) Tillman (1963) and Martin and
Bai | ey (1964).

Mat kin and Cben (1971) al so say that SAL approach cannot
be considered as a substitute for bone conduction tests.

M skol ezy Fodor (1956) described brief tone audionmetry
whi ch is another technique designed to determne the status of
sensorineural nechanism But its useis limtedto identify
the site of |esion
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SISI test was used to find the bone conduction threshol ds
in 1974 by U ncent WByers.

SISl test was Introduced by Jerger, Shedd and Harford
(1959) to differentiate subjects who were able to detect very
smal | anplitude changes presented periodically in a pure tone
signal. Here, 1dB increnents are superinposed on a sustained
tone of the aame frequency at an intensity level of 20dB
above the person's threshold understudy. The score derived
fromthis test reflects the percentage of 1dBincrenents
heard by the |istener.

Jerger (1962) found that average normal ear is |east
sensitive to 1dB increnents at 20dB SL. For persons with
normal hearing and conductive | 0ss scores were obtained between
0%and 20%and scores between 60%and 100% (above 1KHz for

patients with cochlear pathol ogy.

Harri s (1963) reportsthat subjectsrespondingtothesame
kind of stinmulus as used in the Steven's study (instrumental
pure tone) were able to hear increasingly smaller increnents
as the sensation | evel was raised.

A detailed study on the various aspects of the SIS was
done by Yantis and Decker (1964) and they found that sensiti-
vity to anplitude even of the small size 1dBtend to increase
In the average nornmal ear with increasing frequency. They found
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SISl scores becones progressively greater with increased
intensity of the automatic tone pul se and the average nornal

ear is |east sensitive to 1dB increnent. Their study indi-

cates that a few nornmal hearing individuals do have relatively
keen sensitivity to the small increnents used in the test.

Rel atively consistent increase in average SISl score was found

by themfor each of the intensity categories as a function of

hi gher frequency of the test tone. They found a tendency of

SISl scores to cluster at extremes of the continuam and concl uded
that the test may be safely reduced to ten increnents in many

Ccases.

Sanders (1966) fromhis study concluded that SISl test
shoul d be continued with the 1dB increnent originally proposed.
Bl eguad (1966) noted an increase in the SISl values with the
frequency increasing from 250Hz to 4000Hz, when the sensation
| evel were 10 and 20dB. But at 40 dBSL the scores were grossly
I ndependent of frequency. An increased percentage for SISl
test was obtained fromthe test ear if the contralateral ear
was nasked, particularly at high frequencies. Ostethamel et al
(1970) confirmed this finding. Pushpa (1974) showed in her study
that contral ateral masking noise has facilitating influence on
the SI'SI scores.

Swi sher* Stephens and Doehring (1966) in the results of
their study indicated that the SISl score* is influenced by
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both the hearing threshold | evel of the earrier tone and
normal variability in differential sensitivity. Normal and
nonadapting sensorineural inpaired ears discrimnated a
signal of 1dB or less equally well at equivalent SPL.

Swi sher (1966) and Swisher et al (1966). While studying the
effects of increasing sensation |evel on SISl scores Sw sher,
St ephens and Doehring (1966) suggested that SISl test m ght
be interpreted as an indirect neasure of bone conduction

t hreshol d.

According to Bl eguad and Terkl dsen (1967) there can be
an artificial inprovement in the SISI scores at 1KHz, 2KHz
and 4KHz and a decrease in the | ower frequencies when masking
I's used in opposite ear

frequency haa been found to affect the SISI scores with
hi gher frequencies yielding higher SISl scores (Harford, 1967)
Bl eguad and Terkil dsen (1967), Young and Herbert (1967) found
that SISI scores were dependent upon the SPL at the cochl ea.
The enpl oynent of ten rather than twenty test increnents has
beea recommended for selected cases by Ovens (1965). Harford
and Giffing and Tuck (1963). Young and Herbert (1967)
suggested as an alternative that the steady tone be presented
at a standard SPL of 70dB or higher if necessary for audibility.

|t has been reported by Harbart. Young and Wi ss (1969)
that recruiting ears and normal ears perceive intensity
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I ncrenents of equal size at equivalent SPL. Low SIS scores
wer e obt ai ned when t he subject received signal at 55 dB SPL

or below Harford (1965) and Harbert, Young and Wi ss (1969)
enphasi ze that SPL rather than SL is the inportant paraneter

in determng the score val ue. when the percentage scores in
coaductively deafened ears are blotted after subtracting the
conductive barrier these ears show an abrupt changes Sl Sl
scores at 60dB. This change was noticed at 50d8 SPL by trained
normal |isteners. It appears that subjects who undergo
repeated testing or are acuite observes nmay al so respond with

hi gh scores at this |evel and above.

Wenthe SIS test was perforned at the same SPL in the
normal ear as 20 dB SL in pat hol ogi cal ears scores were identical
I .e. both the nornal and affected ear (cochlear inpaired ear)

(Martin, 1970).

Study by Rubinstein et al (1970) showed that sensitivity
of the ear to snmall increnents of intensity al so depends upon
t he ongoing level of the carrier tone. The higher the sensation
| evel higher the responses. The differentiation of nornmal from
abnormal results will depend upon:
i) t he magni tude of the increnent

i) the SL of the carrier tone and
I i1 )the percentage of correct response

Various conbination of these three variables will help in

differentiation.
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Study by Frederic Martin and Sales (1979) showed t hat
normal ears did not give high scores as the SI'SI test when
tested at the sane | oudness as pathol ogi cal ears. They found
that when normal ears receive the same SPL as 20dB above
threshol ds in a cochlear inpaired ear, equal and positive SIS
scores results. The results suggested that it is not the
subj ective | oudness of the carrier tone which produces high
SISl scores in cochlear inpaired ears but rather high SPL's.

As the SPL increased in the normal ears of the subjects, the

SISl scores also increased. As the amount of the tone decay
Increased the SISl score decreased in the bad ear. Results

showed that high SISI scores begin to occur in the good ear
somewher e between 55 and 65dB SPL. subjective | oudness does not
explain performance on SISl test. The |ow scores in conductive

| oss patient is due to the fact that the | evel has been attenuated
a significant anount by his external and/or mddle ear.

Pushpa (1974) found that majority of normals obtained 100%
SISl scores at 6Sda HL. Fulton and spradlin reported that SISl
scores increased with practice and increased SISl scores persisted
after 3 weeks of no practice, increased SISl scores were net a
function of frequency.

An indirect procedure to estimate bone conduction threshold .
for mddl e ear pathol ogy patients was described by the Vincent
W Byers in (1974) and techni que i s known as "conductive SISl test".
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A series of SISl tests are run beginning at 20dB SL and
increasing in 10dB SL steps until a 100%SI Sl score is
obtai ned. Follow ng equati on was given to predict the bone

conduction threshol d.
BCdB- 60dB + Air conduction (dB) - HL dB (100%SI SI).

The results of 25 conductive SISl tests on a conductive
hearing | oss group indicate that the equati on approxi mates t he
nmeasur ed bone conduction threshold. It was reported that there
was no statistical difference between the predicted threshol ds

and measured bone conduction thresholds for the group.



METHODOL OGY
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METHCDOLOGY

Pr ocedur e:

Fol | ow ng steps were undertaken to conduct this study:

1. To obtain pure tone air-conduction and bone-conducti on
thresholds for all the subjects.

2. To find the hearing | evel at which 100%SI Sl results
wer e obtai ned in nornmal hearing subjects.

3. To find the hearing |level at which 100%S S results
were obtained in clinical group subjects (conductive
hearing | oss and sensorineural hearing loss) and to
cal cul ate the bone conduction threshold as suggested

by Vi ncent WByers (1974).

The frequencies tested for screening were 250Hz, 500Hz,
1000Hz, 2000Hz and 4000Hz in normal hearing subjects and al so
inclinical groups and 100% Sl SI results were obtained for

250Hz and 500Hz.
Subj ect s:

Two groups of subjects were selected for the present
study. 15 nornmal subjects with nornmal hearing threshold of
20 dBHL (1SO 1964) or less than 20 dBHL (1SO 1964) in both
the ears were taken. The second group was consisted of '5'

noder at e conductive hearing | oss subjects of various pathol ogi cal

condi tions such as serous otitis nmedia, ossicular rupture, dry
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perforation, etc. and '5" noderate sensorineural hearing |oss
subjects. Only right ear was considered for both normal
hearing subjects and for the clinical group (conductive hear-
ing | oss subjects and sensorineural hearing |oss subjects).

Equi prent and test environnent:

A calibrated GSI- 16, audi onmeter was used to get air-
conduction threshol ds, bone-conduction thresholds and to
admnister SISl test. Audioneter was calibrated using Bruel
and Kjaer instrunents. The calibration was checked at regul ar
intervals.

Two-room situation and sound treated roons were utilized
for the entire testing. The noise levels in the audionetric
rooms were satisfactory according to proposed standard (ISO 1964)
speci fications.

Test Procedure;

Pure tone air conduction threshol ds, bone conduction
threshol ds, and hearing | evel at which 100% SISl score results
were found out for all the subjects. Carhart and Jezger's (1959)
met hod of determning thresholds was used. ol ogical exam na-
tion before the testing was done for all the subjects. Wile
testing, intensity of carrier tone was raised whenever the
subjects failed to response for 1dB increments. The hearing
| evel at which the subject gives 100%SISI score was found out.



31

After getting air conduction thresholds and the hearing |evel at
whi ch 100%SI SI was obt ai ned, the bone conduction threshol ds were
cal cul ated by using the formil as:

At 250Hz: BCTH 45 dB + air conduction(dB)-Hearing Level (dB)
(100% SI SI).

At 500Hzt BCTH 50 dB + air conduction(dB)-Hearing Level (dB)
(100% SI SI).

Then bone conduction threshol ds obtained by conductive SISl test

wer e conpared wi th conventional bone conduction threshol ds.

| nstructions were given before doing pure tone audi onetry
and also for SISI.

I nstructions for Pure Tone Audiometry:

"You wi || hear toneia your ear either through the ear-
phone or through bone conduction vibrator. Only one ear will
be tested at a tine". whenever you hear the tone, indicate by
raising your finger. |If youhear inright ear, raise your
right hand finger, if your hear inleft ear, raise your left
finger. The nonent you hear the tone; raise your finger and
t he nonent you stop hearing, drop your finger. Response even
for the very faint sound. Listen to thetone carefully.

In the case of SISl test; to famliarise the subject with
tone, five practice events of 5dB, 4dB, 3dB, 2dB and 1dB i ncre-
ments were given. Then ten [ dB increments were presented super-
I nposed oa a sustained tone. Acontrol event of QdB or 5dB
was gi ven randomy dependi ng upon the subjects response to check
fal se positive or fal se negative responses. The hearing | evel
at whith the subjects could detect all the ten increments were
found out .
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Instructions for SISl Test:

You are going to hear a continuous tone in your ear.
In the presence of the tone keep your finger raised.
There wi |l be junps in theloudness of the tone sonetines.
Fl i cker your finger even if the junp in |oudness of the
tone is very small, don't flicker your finger in the absenace
of the junp, intheloudness of the tone.



REUTS
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RESULTS

The present study was ai ned to conpare the bone conduction
t hreshol ds at 250Hz and 500Hz by conventional nethod and conduc-
tive SISl method aa suggested by Byer, 1974.

Tabl e-1 shows the intensity level in dB whi ch 100%
SISl scores occurs in normals at 2dB i ncrenment at 350Hz and
500Hz. The nean threshold at 250Hz and 500Hz are 45dB and
50dB respectively.

Tabl e-11 shows t he bone conduction thresholds for nornals
at 250Hz and 500Hz by conventional nethod. The bone conduction
t hreshol ds through conductive SISl were (btai ned as fol | ows:

i) At 250Hz

BC dB = 45dB + Air Conduction (dB) - Hearing Level dB
(100%sSI SI)

ii) At 500Hz

BC dB = 50dB + Air Conduction (dB) - Hearing Level dB
(100%SlI SI)

Tabl e-111 shows bone conduction thresholds for nornal s

at 250Hz and 500Hz by conductive SISl nethod.

Tabl e-1V shows t he bone conduction thresholds for clinica
popul ati on at 250Hz and 500Hz by conventional and conductive

SIS et hod.

The statistical anal ysis was done to exam nethe signifi-

cant difference between t he bone conduction threshol ds by
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conventional and conductive SISl method using Mann- Wit ney
‘U test.

Tabl e-V shows the results of Mann-Wiitney 'U test. It
s evident fromTable-V that there is no significant diffe-
rence between the bone conduction threshol ds obtained through
conventional nethod and conductive SISl nethod at 250Hz
(U=108) and 500Hz (U=112) at .01 and 0.05 | evel of significance
anong normal s.

The significant difference was observed anong conductive
hearing | oss group at 500Hz (U=4) at .05 level but not at .01
level. This may be due to sanpling errors. However no signi-
ficant difference was seen at 250Hz (U= 12) at .05 and .01 | evel .

There was no significant difference observed between
sensory neural hearing | oss group at 250Hz (U=28) and 500Hz
(U=12.5) at .05 and .01 | evel .



Table-1 showng intensity level in dB at which 100%3 S scores
occurs in normal at 250Hz end 500Hz.

. Level in dB

Subj ect

250Hz 500Hz

1 50 65
2 45 50
3 45 55
4 45 50
5 45 50
6 45 55
7 50 55
8 45 55
9 50 55
10 40 50
11 45 50
12 45 35
13 45 55
14 45 50
15 40 50

Mean

45 dB 50 dB
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Tabl e-1V: Showi ng Bone Conduction thresholds for clinical
popul ation at 250Hz and 500Hz by conventi onal

and conductive SISl net hod

Frequency

Subj ect

Conducti ve | oss Sensori neural Loss

(G oup-1) QG oup-11)
onal trve S Tomal oonave
method SISl met hod S S
1 5 0 50 50
2 15 25 40 40
250HZ 3 5 -10 40 35
4 15 10 40 35
5 15 25 33 30
1 5 20 55 55
2 5 5 40 40
500Hz 3 10 25 30 40
4 10 20 45 50
5 15 25 40 45




Tabl e-V: showing the critical value of Utest at 250Hz and
500Hz anong normal s and clinical popul ation.

Frequency Nor mal s _
Conducti ve Sensoi i neur a
hearing | ees hearing | ess
group gr oup
250Hz 108 12 8

500Hz 112 4 12.5
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DI SQUSSI ON

Byers (1974) described "Conductive SISI" test, an indirect
procedure to estimate bone-conduction thresholds for mddle ear
pat hol ogy patients where actual determnation through conven-
tional nethod i s not possible or where the bone conduction thresh-
old is questionable. A series of SISI teat are run beginning
at 20dB SL and increasing in 10dB SL step until a 100%Sl Sl
scores i s obtained using 1dBincrenent. He gave the follow ng
equation to predict the bone conduction threshol ds.

BC dB - 60dB + Air Conduction (dB) - Hearing Level dB(100%SlSl)

Narendran (1975) verified the useful ness of conductive
SISl test as described by Byers (1974) on nornals aad on clinical
popul ati on.

The purpose of the present study was to examne the effect-
I veness of conductive SISl test among normals and clinical popu-
| ation at |ower frequencies i.e. 250Hz and 500Hz, using 2dB
increnent. 15 normals 5 noderate conductive hearing |oss patients,
and 5 noderate sensory neural hearing |oss patients served as
the subjects. Hearing level at which 100%SI SI scores occurs
I's determned for each subject at 250Mz and 500Hz using 2dB incre-
ment. Bone conduction thresholds through conductive SIS test
were obtained by using followng formilas.
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At 250Hz:
BC dB = 45dB + Air Conducti on(dB)-Hearing Level dB(100%Sl Sl)
At 500Hz:
BC dB - 50dB + Air Conduction(dB)-Hearing Level dB(100%SI Sl)

Wher e 45dB and 50dB are nean val uea of hearing | evel at which
100% S SI scores results using 2dB i ncrenent at 250Hz and 500Mz

respectively.

The result of the prevent investigation clearly indicated
that thereis no significant difference in bone conduction
t hr eshol ds obt ai ned t hrough conventional nethod and conducti ve
SI SI et hod anong nornmals and A inical popul ation at 250 and
500Hz, except for conductive hearing | oss patienta at 500Hz
(at .05 level) which nmay be because of small fluctuations in hurman

per formance or due to sanpling or neasurement errors.

The result of this investigation are in general agreenent
with the earlier studies which have been reported in the lite-

rature.

Byers (1974) reported no statistical significance difference
bet ween t he bone conduction threshol ds neasured through conven-
tional and conductive SISl nethod is a group of 25 hearing | oss

patients.

Nar endran (1975) repotted no significant differennce in

bone conduction threshol d by both conventional and conductive
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SISl method at 500Hz, 1000Hz, 2000Hz and 4000Hz for m xed
hearing | oss and sensorineural hearing |oss group and except
at 2000Hz for conductive hearing |oss group. The difference
i n bone conduction threshold by these two methods at 2000Hz
may be attributed to Cazhart's notch.

| mplications for future research:

True bone coadaction threshol ds can be obtai ned using
conductive SISl test where the determnation of bone conduction
threshold ia difficult to obtain or when threahoi da by ceaven-
tional nmethod in questionable. Conductive SISl test nay give
better picture about the cochlear reserve in mxed hearing | 0ss
cases which will help in selection of cases for surgery.
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SUMVARY AMD CONCLUSI ON

The present study was aimed to exam ne the significant
di fference between the bone conduction threshol ds obtai ned

t hrough conventional nethod and conductive SISl test.

15 normal s, 5 conductive hearing | oss cases and S sensori -
neural hearing |oss cases were tested to find the bone conduc-

tion threshold through above two methods.

Concl usi on of the study:

1) 100%SISI is observed at 45dB HL (mean val ue) at 250Hz and
50 dB HL(nean value) at 500Hz in normal hearing subjects.
2) There is no significant difference in bone conduction thresh-

ol ds by both conductive SISl and conventional method.

Limtations of the study:

1) The study is limted to two frequencies i.e. 250Hz and 500Hz.
2) The nunber of subjects in clinical group were small.
3) Different mddle ear pathological conditions have not been

studi ed separately.

Reconmendati ons For Future Research

1) Different m ddl e ear pathol ogical conditions i.e. otosclerosis.

otitis media can be studied extensively.



2)

Bone conduction thresholds at 250Hz using conductive SISl
test may help ia differentiating pseudo bone conduction

t hreshol ds and real bone conduction thresholds in severe
hearing | oss cases.

Conductive SISl test at high frequencies i.e. 6000Hz and
8000Hz can be studied in conductive high tone | oss cases

to get the bone conduction thresholds.

43
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