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1. | NTRODUCTI ON

Bekesy audionetry is one of the procedures which
provided early inpetus for differential diagnostic testing in
Audi ol ogy. George Von Bekesy developed the first automatic
audi oneter in 1947. Refinements of Bekesy audioneter were
proposed by Gardner (1947), Reger (1952), Rudnose (1963) and
others. Many ot her Behavioral and el ectrophysiol ogical tests
have been devel oped for clinical use since the advent of this
procedure, which are used in conjunction with Bekesy in the
di agnostic test batteries.

The diagnostic contribution of individual test measures
depend on the degree of hearing loss. (Hayes and Jerger
1980) . Wien the loss is only mld, the acoustic reflex test
(ART) and auditory brain-stemresponse (ABR) are nost sensi-
tive to 8th nerve disorder. \Wen sensitivity loss is severe,
results of ART and ABR audi ometry beconme anbi guous. In such
conditions, the nore "traditional" audionetric test battery
of Bekesy audionetry, Suprathreshold adaptation test (STAT)
and speech audionetry provides the nost wuseful diagnostic
information ( Jerger & Jerger, 1980). Since the degree of
sensitivity loss, at the time of initial evaluation is an
uncontrol | abl e vari abl e, diagnostic strategy nmust include the

tests appropriate to a wde range of hearing | oss.



In addition, Bekesy audionetry gives a |lower and nore
reliable hearing threshold, ErLandsson (1979). The hearing
threshold itself is not a very well defined dividing-line
between hearing and not hearing. The uncertainty is illust-
rated by the swing in the curve of the Bekesy audi ogram
where it is also possible to determne the ability of the
subject to state the threshold in a pure tone audionetry and
particularly where the steps are 5 dB and where the threshold
Is defined as the reading where the subject marks 2 out of 3
bursts, the wuncertainty is greater. Erl andsson (1979)
conpared the hearing thresholds of 115 workers in a shipyard
obt ai ned, both by Bekesy Sweep audi onetry and by conventi onal
pure tone audionetry at fixed frequencies. It has been
possible to find a useful linear relation between pure tone
and Bekesy hearing thresholds wth the help of retest
experinments, it has been established that standard Deviation
of hearing thresholds, obtained under simlar condition in a
pure tone investigation are about twice as large as those
obtained in a Bekesy investigation. The regression equation
for Bekesy threshold (HLB) on pure tone threshold (H.T) for
audi onetric frequencies 1-6 KHz is HHB = -3.4 + 0.93 HLT and
for pure tone on Bekesy is HLT = 8.0 + 0.96 HLB.



Many aut hors, through their experinental studi es have
re-enphasi zed the inportance of Bekesy audioneter in an
audiological clinic and this single piece of instrument has
proved its futility in studying the wi de range of hearing and
hearing disorders. The conventional Bekesy procedure has
been nodified into a nunmber of different tests and al so many
ot her tests have been nodified, so that they can be perforned
on the Bekesy audi oneter. These nodifications are ainmed at
obt ai ni ng addi tional diagnostic information in a wi de variety
of pathol ogi cal conditions eg. conductive, cochlear, retro-
cochlear and also the central audiotory disorders. It has
been used to study the phenonmena |ike audiotory adaptation

recruitnment, tenporal integration, coohlear m crophonica,
phonophobia, raised intracramal pressure, aural harnonic
di stortion and frequency discrimnation. In addition, the
value of the procedure in providing additional evidence of
functional hearing disorders should be enphasized. (Jerger
and Jerger 1972) He further adds, that although we have a
wi de variety of tests for functional hearing | oss, the ease
with which Bekesy audionmeter can be used and its applic-
ability to virtually any audionetric configuration enhances

its wutility in routine clinical evaluation.
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Rntleman and Hardford (1967) suggested that one value of
Bekesy audionetry is that no special techniques are invol ved,
making it possible even for an inexperienced clinician to

identify patients with functional hearing | oss.

It would be worth mentioning that efforts of Dancer and
Ventry (1984) in evaluating the potentials for anplification
and rehabilitation wusing the suprathresholds tests has added
new di mension in the application of Bekesy audi oneter for the
evaluation of hearing aid, its use and acceptance in a
hearing inpaired ear.

Many test procedures which were developed earlier,
slowy lost their significance with the increasing know edge
in the field of audiology, but Bekesy audionetry due to its
accuracy, sensitivity and because of the continuous research
and nodification of the conventional procedure, has survived
the test of time and is being used till today. This is not to
say that Bekesy audioneter aline can satisfy all the needs of
an audiologist, but it can prove to be an inportant asset in
an audiology clinic, though it has its obvious limtations in
case of Children. The present study ains at evaluating the
clinical applicability of the Bekesy audionetery in the |ight
of current informations available and the expandi ng body of

know edge in the field of audi ol ogy.



2. | NSTRUMENTATI ON AND TEST PARAMETERS

A typical Bekesy audioneter is conprised of a
continuously variable beat frequency oscillator which covers
a range of frequency from 100 to 10,000 Hz (sone are 250 to
8000 Hz). The intensity range is about 120 dB. The maski ng
is generally white or narrow band noise. Attenuation of the
signal is done by a notor drive which is under the control of
the client . The threshold is traced over a period of tine.
It takes around 7 mnutes to trace from 100 to 10,000 Hz.
The threshold is recorded simnultaneously by a pen linked to
the attenuator and in contact with an audi ogram noving on a

netal plate.

The stimulus is pure tone and is presented in two nodes,
continuous (c) and interrupted (I) wth typically 2.5
interruption per sec or 5 interruption in 2 sec. The
automatic intensity increase can be set at a rate of 2.5 or 5
dB per sec. The task of the client is to trace the
thresholds for selected frequencies. Two tracing nodes are
possible - sweep frequency tracing and fixed frequency
traci ng, Sweep frequency tracings are those in which frequency

continually changes from 100 to 10,000 Hz or reverse.



The fixed frequency condition allows any one of a nunber of
frequencies to be assessed individually (e.g 500, 1000 &
2000Hz) .

3. GENERAL CLI N CAL PROCEDURE

A view on the Bekesy nmethod used by different authors
(Jerger 1960, Onen 1964, Blegrad 1967, Qchik et.al., 1977)
indicates simlarity in the procedures. The conventi onal
Bekesy audi onetry consists of either sweep or fixed frequency
thresholds, first traced for | and then followed by C tone
traci ng. The attenuation rate is 2.5 dB per Sec. The
frequency changes fromlow to high at the rate of one octave

per m nute.

In the fixed frequency node there is no standard for the
frequency to be assessed and the anount of tine for the I and

Ctone tracings, (Brunt, 1985). dinically it is preferable

to trace the thresholds at three or nore frequencies. A
stable | tone tracing to obtained usually in 30 sec to 1
m nut e. For the C tone, a 2 to 3 mnute tracing should

reveal any significant adaptation.



Instructions to the client are very inportant. The
instruction for the sweep frequency | tone node is - "you are
going to hear an interrupted or beeping tone. The pitch wll
keep getting higher and higher. Don't pay any attention to
the pitch of the tone but just to its |oudness. As |long as
you hear the tone, | want you to hold this switch down
(denonstrate). The tone will keep getting softer and softer.
Wen you no longer hear the tone, release the swtch
(denonstrate). When you hear the tone again press and hold
the switch down. Renmenber as long as you hear, you should

have the switch depressed and release it way the tone goes

away.

Instruction for the Gtone tracings are simlar . The
exception is noting that the tone wll be continuously on,
with no interruption. Instructions for fixed frequency
tracings are like those for sweep wthout indicating the

gradual increase in the pitch.

The initial tone presentation |level should be at a |evel
easily heard to maxim ze the chances that the client wll
respond appropriately. The «client my be allowed to |isten
the stimulus before formal testing, so that he knows what to
listen for or a 20-30 sec of tracing my be used to see that
client has understood the task. |If he has not understood the

task; he should be reinstructed.
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If tinnitus is present, if my interfere with tracing
behavior at high frequencies and nore commonly with the c-
tone node. Sonetinmes two patterns are seen in case of
tinnitus:-

1) very wide tracings, which may be because the client
Is confusing the test tone with the tinnitus.

2) Flat tracings, because the client keeps the signal
swtch depressed at the lower limts of the audionmeter in
response to the tinnitus rather than to the tone. To
overcome this problem the client should be reinstructed and
the test should be started with another frequency or the test
should be started at a level known to be audible to the
client.

4. TRACI NGS: THRESHOLD W DTH AND SEPARATI ON

The characteristic features considered to be of
di agnostic significance in the conventional Bekesy Audi ometry
are as follows:-
1) The relationship between Bekesy threshold tracings and
routine pure tone thresholds.
2) W dth of the tracings which refers to the peak to trough
range in dB.
3) Separation seen between the interrupted and the

continuous tone tracings. (Fig 1)



Many researches (Roger, 1952; Corso, 1956, 1957; Burns
and Mnch cliff, 1957; Stream and MGConnell 1961) have
conpared Bekesy- traced threshold to those of conventional
pure tone audionetry, cl ose correspondence between voluntary
pure tone and Bekesy threshol ds have been observed for nornal
ears. Variations in the research nethods I|ike direction,

attenuation rate etc have resulted in the suggestion that md

- point of the tracing seens good to be considered as

threshold for «clinical purposes. More recent works by
Erl andsson et. al., (1979) adds further support for strong
correlation between the |-tone tracing and manual pure tone
audi onetry. Additional confirmation suggested by a series
of research reports on Bekesy, conventional puretone and
conput eri sed Behesy type audioneters (Harris and Smth, 1979;
Harris, J.D 1978; Harris, D P. 1979a)

Tracing width for normal ears ranges between 5 and 15 dB
for both 1- and Gtones (Lundberg, 1952; Palva, 1950;
Epstein, 1960; Jerger, 1960) The sanme applies to the
pat hol ogic ears for the |-tone. More attention has been paid
to the width of continuous tone tracings in the pathol ogic
ears. FEarly reports suggested that a narrow trace m ght be

related to recruitnent or a neasure of difference |inen for
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intensity. Thus a narrow tracing was thought to be
indicative of a cochlear lesion . On the other hand Jerger
(1960) noted that many cases wi th diagnosed cochl ear probl ens
didn't show reduced w dth, In an unpublished research study
by Brunt, the author and several normal hearing colleagues
were given the SISI test and Bekesy Audionetry before and
after ingestion of Ritalin. Post-Ritalin results were high
SISI scores i.e 80 -100% and narrow Bekesy tracings (3dB or
| ess). Thus presence of narrow C-tone tracing should not be
taken, al one, as suggestive of a cochlear |esion. However it
is noted that clients with cochlear problens are nore apt to

give narrow tracings for the C tone.

Early study on pathologic ears reported a separation
between | and C-tone tracings with the C falling below the I,
i.e Cis less sensitive than I. such results were typically
obtained in patients with cochlear and retrocochl ear | esions.
The largest difference were seen in retrocochlear |esions.
In cochlear cases, wupon sustained stinulation the C-tone
tracing stabilizes while for retrocochlear disorders often

t hreshol d shift reaches the audioneter limts.
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Thus clinical interpretation involves the conparison of
the C to the |I tone tracing whether done in the sweep or
fixed frequency node the |- threshold tracing can be thought
of as the base l|line perfornmance and shoul d approxi nate pure
tone threshol d. The Gtone threshold is conpared to the |
with regard to anount of separation between them

5. FACTORS AFFECTI NG BEKESY TRACTI NGS

Excursion size for normal hearing subjects is accepted
to be between 5 and 15 dB. However, 15 percent of the
normal s produce tracings which exceed these limts. (Mina
and Siegenthaler, 1965). Variability in excursion size has
been found to be related to frequency of the test tone with
hi gher frequencies having snaller excursion size (palva,
1956), reaction tinme of the apparatus and patient (Ml ay,
1959) and attenuation rate (corso 1955; wel son 1966; Epstein,
1960; H rsh, 1962; Mina and S egenthal er, 1966)

Siegenthaler (1975) collected Bekesy tracings from 63
nornmal hearing adults. Pen excursion size using 2.5 and 5
dB/s attenuation rates, were obtained on test and retest at
250 Hz, 1 KHz and 2 KHz. Standard errors of estinmates were
1.7 - 2.0 dB for slow attenuation rate and 2.4 - 3.7
for fast attenuation rate. In general slow attenuation and

hi gher frequencies produce greater reliability.
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The other factors affecting the Bekesy Autonatic
Audionetric findings may be such as contral ateral mnasking,
starting frequency, starting |evel, exposure to the
stipulating sound and different stages of sone disease
entity. (Young, Harbert and Lowy, 1983). These findings
are seen Mostly on steady tone tracings as reveal ed by peak -
to - peak anplitude reductions and threshold drifts.
According to the study done by Young et.al., (1983), the
contral ateral masking in the normal ear can produce striking
effects on tracings to steady state tone in the affected ear.
Various starting frequencies produced mnasked effects on
separation between pulsed - and steady - tone tracings if
hearing was tested starting at a suprathreshold |evels. A
patient diagnosed as having an early endol ynphatic hydrops
retested within one hour following an episodic attack
di spl ayed varieties of findi ngs denonstrati ng t he

interrelation of |evel and adaptati on.

Young et al., (1985) obtained Bekesy fixed frequency
thresholds for pulsed and continuous tone at 1 KHz using
descending - only technique and conpared w th suprathreshol d
starting levels of 38, 58, 78 and 98 dB SPL and attenuation

rates of 1,-24 and 8 dB/sec with associ ated attenuation steps
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of 0.25, 0.5 1 and 2 dB respectively with 3 nornal hearing
adul ts. For pulsed tone of 250 in sec ( duty cycle 50%)
thresholds were not significantly affected by attenuation
rate / step size or by starting |evel. However for
continuous tones increasing attenuation rates / step size
yielded better thresholds for a given starting |levels. Thus
deteriorated thresholds were vyielded by the slower
attenuation rates/ step sizes and by higher starting | evels.
These data nust be explained as a nanifestation of nornmnal
adapt at i on. The simlar relative effects found here at
attenuation rate / step size and of starting |level as
conpared to data of an early study of Harbert and young
(1968) which used the traditional up and down Bekesy rmet hod
of threshold tracing, lend support to the possible future of

clinical use of a descending technique only.

6. CONVENTI ONAL  BEKESY PROCEDURE.

The conventi onal Bekesy procedure and the interpretation
of the results are largely based on Jerger's (1960)
classification. The attenuation rate used by Jerger was 2.5
dB per sec with a frequency change of one octave per mn. In
1960 Jerger described four types of Bekesy audiograns and
related them to disorder; of hearing. This classification

was based on the results of 434 clients.
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Each was tested first in sweep node, | followed by c. Fixed
frequency tracings of 3 mn each for I & Ctones followed.
A though not specifically stated, figures show fixed
frequency of 250, 1000 and 4000 Hz. In 1961 Jerger and Herer
added a fifth type of tracing to the original four. These
five types of threshold tracings and their reported

application are as foll ows: -

Bekesy Type 1

Sneep frequency tracings were characterized by an
overlapping of I and C tracings with the tracing w dth of
about 10 dB. Jerger noted, however, that tracing wdth as
small as 3 dB and simlar pattern was seen for the fixed

frequency node. (Fg 2

The type 1 pattern was found in 96% of nornmal and
conductive loss ears. In addition 47%of the ears designated
under the categories of neniere's, noise - induced | oss,
presbycusis or Sensory neural |oss of unknown etiology gave
type 1 patterns of the category clearly thought to be
cochlear, Meniere's and noise - induced |oss, only 20 %were

type 1.
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Bekesy Type 11

In this pattern, the C tracing falls below the | in
sweep node, generally at or above 1000 Hz. The ¢ tracing
seldomfalls nore than 20 dB below the I. A simlar pattern

was seen in the fixed - frequency node with a drop of the C
of 5 - 20 dB in the 1st mn. of tracing. Ears in this
category were prinmarily diagnosed as cochlear problens or
presbycusis as well as those with sensory neural [|oss of
unknown etiology of these three groups 60 % showed a type I
pattern. In the strictly cochlear categories, 76% were

classified as type Il patterns. (Fig 3)

Bekeys type Il
In the sweep node, the type IIl pattern is characterized
by a dramatic drop of the C - below the I . This often

occurs at 100 to 500 Hz with a separation of 40 to 50 dB or
to the -limts of the audioneter. The G wdth was
approxi mately the sane as | . Simlar results were seen for
fixed frequency tracings. Evaluation of 6 of 10 ears wth
acoustic neurona showed a type III. The only other category
denonstrating a type Il was |oss of sudden onset ( 10 to 16

ears ). (Fg 4)
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Bakesy Type |V

Type IV is characterized by the C - dropping below | at
frequency lower than 1000 Hz as opposed to type Il in which
the separation was at 1000 Hz or beyond. This was seen for
both sweep and fixed frequency nodes tracing w dth varied.
Sone clients showed "abnormally snall" tracing wdth. The
type IV was seen in 4 of 10 neurinoma ears, in a snall
percentage of those with unknown etiology and 4 of 16 ears

w th sudden | osses. (Fig 5)

In sumary, jerger's classification relative to site of
| esion suggested that type | patterns would be expected
primarily with normal and conductive ears ( as well as sone
cochlear cases ) Type Il wll be typical of cochlear |osses.

dients wth eighth nerve lesions would be likely to present

with type 11l or |V patterns ( as mght those wth sudden
| osses )
Revi si ons: -

Since 1960 the type | pattern has gained clinically
accept ance. However various author including Jerger, have
suggested the revision of type II, IIl and IV. Revi si ons

have centered on (1) The anount of separation of C and |



| Right Ear Left Ear

I Bekesy Audiometry I

250 1000 4000 250 1000 4000
a8 T
0 o Aa AN A AN
\\{ ' y
\ V»VA//\ XAV v

\/\\ \

A

X

I ERIRY
AW

/140

HL in dB (ANS{-69)

Frequency in Hz Fraquency in Hz

Interrupted  ---
Key | Continuous -+ —
| Continuous « ~«-

FI& 6. Be.kesy Type V Sweep Fvc:c‘,uency
T‘)’Ott.i\ng i the Q\'ai-k ear:



17

tracings and (2) where the separation occurs relative to
frequency. M formal protocol by one author is followed by
all. However, current clinical practice suggests ignoring
the frequency where C and | tones separate. Relative to
amount of separation nmany woul d designate separation upto 20
to 25 dBas atype Il, inplying a cochlear problem The type
'V woul d show a separation of greater than 26 dB but not to

the limt of audioneter, pointing to a retrocochl ear |esions.

Bekesy Type V

Type V is characterized by the | - tone dropping bel ow
Gtone tracing. It is found in non-organic hearing | osses.
(Fig 6)

7. CONVENTI ONAL BEKESY AND SI TE OF LESI ON

Onens (1965) reported that type Il and V as well as type
| tracing occur in nornmal hearing ears. A Psychol ogi cal
basis is offered as a possible explanation of the type V
tracings Type Il tracings nmay reflect neural adaptation
rather than sensory cell pathology. It nmust be stressed that
clinical interpretations of the Bekesy audi ograns shoul d be
re-evaluated and strict adaptation to Jerger's original

classification could possibly be m sl eadi ng.
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Hopki nson (1965) exam ned and questioned the concept of
the type V audiogram as the predictor of non-organic hearing
loss on the basis of its incidence in a clinical population
havi ng conductive i npairnent. Stein (1963) suggested that
Bekesy audionetry should be used as a supplenental test.
Bekesy audionetry is of universal value as a clinical test
but admnistration of test depends on whether we need
guantitative data for assessing degree of comunication
problem or qualitative data for determning site of |esion.
Robertson (1966) re-enphasized that Bekesy audionetry should
be confined to Site, rat her t han t he eti ol ogic
differentiation. The Bekesy audionetry is useful in
predicting the 8th nerve |esion, but absence of Bekesy usual

pattern doesnot exclude the absence of neural |esions.

Conventional Bekesy Audionetry has been used in test
batteries primarily to differentiate cochl ear from
retrocochl ear pat hol ogy / | esi ons. Most reported
retrocochlear |esion cases have been of the auditory nerve,
usual ly acoustic neuronas. O her reported dysfunctions have

either primarily or secondarily affected the eight nerve.

In 23 patients with |abyrinthine hydrops reported by Till man
(1969), all had type |I or Type Il pattern while 70 %of a
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| i ke nunber of acoustic tunmor patients evidenced a type Il
and |V patterns. Sanders et.al., (1974) cited Sweep Bekesy
results on 27 cases with acoustic tunmors in which 51 %gave
type Il or |V patterns while rest were Type | or Type II.
Fi xed frequency Bekesy was performed on several patient group
by Asen and Noffsinger (1974). Anong 78 individual with

meni er es di sease, acoustic tranma or presbycusis all showed

Type | and Il patterns. O 19 patients with auditory nerve
tumor 74% evidenced type Il or 1V patterns. Wile the rest
gave type | or Il. dems and CQurtis (1977) noted that anong

those patients with acoustic tunors who were gi ven Bekesy 47%

presented with type Il or 1V audi ograns.

e difficulty in discussing the value of the Bekesy
technique in detecting retrocochlear disorders is the
relatively small menber of cases reported in nmany studies.
However, Johnson (1965, 1966, 1968, 1970, 1977) and his
col | eagus (Johnson and House, 1964; Johnson and Sheehy, 1966)
have reported on Bekesy results on an increasing nunber of
patients wth surgically confirmed acoustic neuronas.
Johnson (1977) conpared test results of 500 8th Nerve cases
to previously reported snaller series of those given Bekesy
(363 patients ) 57 %denonstrated the expected Type |1l or 1V

patt erns.
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This was sone what smaller series in 1968 but nuch
smaller than the 71 % reported on 53 cases in 1964. He
attributed this reduction in classical findings on Bekesy and

other tests (SISI, ABLB, TDT, word Discrimnation Score) to

earlier tunor detection and consequently fewer " large
tunor”. Data relative to tunor size indicated that for |arge
tunors 72% of the cases produced Type IIl and 1V patterns,

those for nedium and small tunor 47% and 39% respectively.
This suggests that Bekesy is nobst useful in detecting |arge
tunors or other lesions affecting the auditory nerve in a

simlar fashion.

Johnson (1977) further noted that he was abandoni ng use
of Bekesy audionetry and SISI test in his test battery. They
were to be replaced by acoustic reflex testing and auditory
brai nstem response i.e Anong 75 patients 85% showed positive
findings on acoustic reflex testing. Wi | e conventi onal
Bekesy is neither as quick nor as accurate in identifying
retrocochl ear disorders one should not at this stage assune
t hat behavi or al test such as Bekesy and its nodification
should be abandoned eg. nmany circunstances may nake it
i npossi ble or questionable is to carry out acoustic reflex
testing. In suck cases, the audiologist should have a

variety of, techniques fromwhich to choose.
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Using the convention Bekesy audiometry we can know about
the site of |esion. In order to inprove the accuracy of
di agnostic results the conventional Bekesy has been nodified
into a nunmber of tests and also other tests have been
nodified so that they can be admnistered using Bekesy
audi onet er . The different tests and their results wll be
dealt here separately in relation to different sites of
lesion or different types of hearing loss i.e how we can
arrive at differential diagnosis of hearing loss using the

Bekesy Audi oneter.

8. CONDUCTI VE HEARI NG LOSS

Acoording to Jerger's (1960) classification the
conductive | oss cases show type | Bekesy pattern. Hopkinson
(1965) reported high incidence of Bekesy Type V pattern in a

clinical population having conductive | npairnent.

8.1 BING TEST

Fi el dman, Zeldner and Gines (1967) suggested a
nodi fication of the BING TEST utilizing Bekesy audionetry.
The BING TEST (Bing, 1891) is based on the occlusion effect
to differentiate conductive from sensori-neural hearing

| osses. The occlusion effect is the perception of an
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increase in |oudness of a bone conducted tone when externa
auditory canal is occluded. In Bing test the externa
auditory canal is alternately occluded and unoccl uded during
the presentation of a signal via tuning fork placed on the
mast oi d. The perception is of a pulsing tone for nerve
losses or normal ears and a steady tone for conductive
| osses.

The nodified version of Bing test used at communi cation
disorder unit of the Upstate Medical Centre. The procedure
involves delivering a pulse tone via a Radioear bone
conduction oscillator placed on the forehead and connected to
the earphone receptacle of a Gason Stadler Bekesy E-800
audi oneter. An occluded bone conduction neasurenent of the
test ear is obtained for either discrete or continuous
frequencies through 1000 Hz. The non-test ear (NTE) is
masked wi th narrow band noi se. The test ear is then occl uded
wth a TDH -39 earphone set in an MX-41 AR cushion and the
traci ng repeated. Because the E-800 is not calibrated for
bone conduction threshold neasurenent . Anticipated bone
conduction |losses (re: 150) in excess of 35 dB at 250 Hz, 50
dB at 500 Hz, 60dB at 750 Hz and 65 dB at 1000 Hz are not
suitable for this test. The neasurenent obtained provide a
graphic recording of the presence of a shift between the

occl uded and unoccl uded st at es.
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There are sone limtations involving the use of Bekesy
audi oneter for observation of the occlusion effect. Masking
problem (i.e insufficient masking of NTE) enter into the
nodi fi ed Bing test as they do in other bone conduction
tests. The nodified Bing test only indicates the presence of
conducti ve conmponent but it has proved useful when the proper
precautions are observed in the differential diagnosis of
m ddl e ear pathology, particularly when snall air-bone gaps
exi st and also in other instances when there is a doubt. In
addition to providing a nore concrete, accurate and reliable
record of shift produced by occlusion, hearing |evels can be
traced overtine. Wen the nornms are established for
occlusion effect 1 or 2 dB changes may be significant in

determining the type and extent of pathol ogy. These slight

changes can be neasured nore accurately wth automatic

1
audi onet er s.

8.2 O6ELLRIRS

Arnold and Schindler (1964) d~cribed the technique of
Qelle Test with Bekesy audionmetry and formed out the range
of normal valu.es. They did Bekesy audionetry in cases of
Eust achi an Sal pi ngitis. It could be confirned that negative

intratynpanic pressure is counteracted by negative neatal
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pressure. At the nonent, the hearing loss resulting from
tubal obstruction is tenporarily corrected. It appears that
negati ve pressure application during CGelle Test closes the AB
gap of Salpingitis nomentarily. For this reason the norna

threshold shift, observed with negative neatal pressure, is

inverted to an inproved hearing |evel.

9. COCHLEAR HEARI NG LOSS

As nentioned earlier, the conventional sweep frequency

tracing in case of cochlear pathology results in Bekesy type

Il pattern. A simlar pattern is seen in fixed frequency
al so. Al t hough the evidence of type Il has been reported in
normal s, conductive loss and sensori-neural 1oss, (Owen,

1965; Sanders, 1974; Tillman, 1969; O sen and Noffsinger,
1974;) but there frequency is |ess.

Bi | ger (1965) obtained the Bekesy audiogranms for | and C
tones of 4000Hz on a sanple of 120 patients whose sensitivity
ranged from O to 95 dB HL and whose cochl ear function ranged
fromnormal to severely inpaired. He concluded that w dth of
the Bekesy tracing around the threshold for continuous tone
i ndicates the non-normal population and provides the only
basis for classification of fixed- frequency Bekesy
audiograns into the categories of pathological or nornmal

cochl ear function.
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Elmer Ownens (1965) admnistered pune tone audi oneter
test of tone decay to 86 subjects at octave-interva
frequencies 250 - 4000Hz and fixed frequency | and C tone
Bekesy tracing were obtained from the sane subjects. Twelve
subjects showed type |11l Bekesy tracings and 74 subjects
showed type Il and type | tracings, shifts occurred in the
Bekesy tracings according to whether tone decay was present
by the standard audi onetric test. Type |1 Bekesy tracings
were predicted when there was slowng of tone decay as
intensity increased, and type IIl was predicted when tone
decay nmintained essentially the sane rapidity regardl ess of
intensity increase. He hypothesized that type |l Bekesy
tracing may reflect at once |oudness recruitnent and tone
decay.

9.1 Brief Tone Bakesy Audi omatry

Anot her nodi fi cation of t he conventi onal Bekesy
Audi onetry was given by Wight (1968) known as Brief tone
Bekesy audionetry. This is based on the fact that auditory
system integrates energy overtine. Greater intensity 1is
required ,to detect a 20 nsec tone than for a 200 nsec tone.
This neans that for brief tone greater intensity is required
for threshold response. This is due to psychophysi ol ogica

process of tenporal sunmmation
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Brief tone are used to find the thresholds using a
Bekesy audi oneter, so it beconmes Brief tone Bekesy
audi onetry. But use of brief tone produces sone acoustic
artifacts. The sounds may be heard as clicks or side bands,
if switch is turned off and on quickly. If rise decay tine
is less than 5 nsecs then acoustic artifact will be there.
If we want to avoid clicks rise- decay time should be nore
than 5 m secs. 1In brief tone audionetry rise-decay tine is

10 m secs.

The subject is asked to trace his thresholds for 1 mn.
period for 20 m secs and 500 nsecs tone. The other signa

paraneter used are: -

1) Rate of presentation = 1 per sec.
2) Rate of attenuation = 2.5 dB/sec.

3) Rise - decay tine = 10 msecs.

The frequency is kept constant i.e. fixed frequency

tracing is done
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| nstructions: - You will hear a beep-beep sound when the
sound is audible, press the switch, keep the switch pressed
as long as it is audible and release it when it becones
i naudi bl e. Threshold for 20 nmsecs and 500 nsecs tone is

det er m ned.

In normal subjects the difference is about 10 dB. In
case of conductive loss the difference is again 10 dB, but in
case of cochlear pathology the difference is reduced to 5 dB.

(Dean, 1974)

The processing of long duration tones take place at
cochlear |evel, so integrity of outer hair cells s
important. If there is cochlear dysfunction, +hen processing
of long duration tones is inpaired and hence the difference
is reduced when the normal subjects were subjected to brief
tone audionetry, the difference was seen to be reduced at
high frequencies, so we nmay suspect cochlear dysfunction
inspite of his normal thresholds that pure tone audionetry
m ght not have reveal ed. According to katz, Brief tone Bekesy
audionmetry is a very sensitive test to detect cochlear
| esi ons. Ei senberg (1956) and Sanders and Honig (1967)
suggested that Brief tone audionetry may be wunusually

sensitive to cochlear pathology Convell and Counter (1969)
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specul ated that the reduced tenporal I ntegration m ght
possi bly reflect mninmal sensorineural inpairnent. Barry and
Larson (1974) showed that in deaf children with cochlear
pat hol ogy the tenporal integration (Mean) were only about
one-third of those yielded by their normal counterpart except
at 500 Hz possibly because the vibrotactile stinulation

m ght have contam nated the neasurenents of auditory tenpora

i ntegration. Pederson (1874) studied the ability to integrate
acoustic energy over a period of tine by brief tone
audionetry on 14 young persons treated with salicylate and
after the salicylate has been excreted. The investigations
were done in a sound proof room for each of the frequencies
500, 1000, 4000, and 8000 Hz. The patients were investigated
for 10 tones with a duration varying from 1000 to 1 nsec.
The investigation showed that the tenporal integration can be
reversibly reduced by salicylate treatnent and a relation was
denonstrated between changes in tenporal integration and
salicylate concentration in the blood. As the test person
had had general anesthesia, a control test was perfornmed on
seven persons. It was shown that hearing |oss produced by
salicylate is due to an inhibition of enzymatic systemin
cochl ea. Anaest hesia  does not i nfl uence t enpor a

i ntegration. Reduced cochlear function causes reduced

tenporal integration.
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O sen and Buckles (1979) studied the influence of age
and sex on tenporal integration on 50 subjects aged between 6
to 24 years. A threshold tracking paradigm was enpl oyed.
Age did not systematically influence tenporal integration.
Variability of integration values anong subjects of 6-7 years
indicates that such <children are capable of tracking
t hreshol d successfully in a brief tone paradigm Significant
sex differences in integration slope were obtained across

frequency and age group.

Chung and Smith (1980) reported that the cases wth
noi se induced hearing loss show |ess tenporal integration,
however both normals and hearing inpaired show frequency
effect. The Bekesy tracing procedure used in their study was
sane as used by Wight (1968) and the non-test ear was masked
by a continuous white noise at 90 dB SPL. The discrepancy in
the findings of frequency effect was supposed to be probably
due to subclinical cochlear lesion present in sone of the
normal |isteners. This study supported the findings of Barry
and Larson (1974) and Martin and Wffords (1970). It is
hoped that addition of a nmasker in Brief tone audionmetry my

yield nore diagnostic val ue.



30

A sen (1987) reviewed the studies on Brief tone
audionmetry and the wvalidity and usefulness of the test
procedure was questioned on the basis of considerable overlap
seen in the distribution of data for normal and hearing
inpaired group and also in the cochlear and retrocochl ear
pat hol ogy cases. He suggested that new test procedures or
new nethods of interpretation of results of Brief tone
audi onetry nust be developed if it is to be a viable and

useful test procedure.

9.2 Relationship between continuous and interrupted tones at

t hreshol d and suprat hreshol d | evel s.

When nor nal hearing subjects are asked to track
equi val ent | oudness | evels for C and I tones at
suprat hreshold levels including M C L, Listeners unexpectedly
track the C tone at a lower (better) hearing level than the
| tone. Ventry et. al., (1971) had normal hearing listeners
track C and | tones at ML via fixed - frequency Bekesy
audi onetry at 500Hz, 1KHz and 2 KHz. On the average the C
tone was tracked approximately 5 dB lower than | tone at the

attenuation rate 2.5 dB/sec.
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In the hearing inpaired ears interest has centered on
the G1 relationship at ML as a site of lesion indicator.
Jerger and Jerger (1974) found Sweep-Frequency Bekesy
confortabl e Loudness (BCL) tracing of C and | tones hel pful

in-differentiating cochlear and retrocochl ear pathol ogy.

Dancer and Ventry (1984) studied the C1 difference at
threshold and at ML on nornals and cochl ear pathol ogy cases
and found that G| difference was small. They suggested t hat
the snall G difference should increase the value and use of
fixed frequency Bekesy tracings, Large G| difference at ML
or between threshold and MJ should be considered as
indicative of possible pathol ogical conditions beyond
cochlea. The excursion width is reduced for the continuous
tone tracing in cases wth cochlear pat hol ogy at
suprat hreshold levels (Domco, 1985) It is suggested that
nost confortable level (ML) should be traced as one feature
of site-of-lesion testing in sensorineural cases. An
excursion width of 5 dB or less for continuous tone at MCL
and this criterion in a swep frequency Bekesy is suggested

to be of clinical val ue.
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It has been suggested that nore simlar the inpaired ear
is to the normal ear in the processing of suprathreshold
| oudness better in the potential for anplification and
rehabilitation. Ears with cochlear pathology continue to
share many of the characteristics of nornmal ears
equal i zation  of | oudness  at equal intensity |evels,
discrimnability of small intensity increnents at high
intensity levels, presence of ipsi and contral ateral acoustic

reflex and |oudness disconfort |evel for speech around 100

dB Spl. M candles and Perkins (1974) supported that people
with cochlear pathology are only second to those wth

conductive pathology in acceptance and use of hearing aid.

9.3 Bekesy tracked Aural Harnonic Distortion threshold and
Unconf ortabl e Loudness Level .

Sweep Frequency Bekesy audionmetry has been wused to
determ ne the unconfortable |oudness and threshold levels for
the perception of an aurally generated Harnonic distortion
phenomenon in normal and sensorineural hearing inpaired
listeners. The concept of aurally generated harnonic
di stortion phenonenon as a result of cochlear overload to a
pure-tone stinmulus of Mdderate intensity is one of inportance
to the fields of audiotory perception and clinical audiol ogy.

The sensory overload capabilities of the human ear have |ong
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been studied, (Stevens and Newman, 1936). Resear chers have
di scussed a type of non linear harnonic producing distortion
occurring when a system driven by a force fails to responds
proportionally with further increase in anplitude of driving
forces (Lawance and Yantis, 1956a 1957; Wver and Law ance,
1954; Yantis, MIllin, Shapiro, 1966) The overload was
believed to be a response of outer hair cells within the
organ of corti (weven and Lawarance, 1954) and nore recently
associated with cochlear m crophonic (Dallos and Wang, 1974;
Dall os and cheathan, 1976). This electrical output of
cochlea has been shown to display a frequency dependent
saturation or nonlinear onset at |owto-noderate intensity

| evel s.

The intensity level at which this distortion first
beconmes audionetrlically evident was ternmed as threshold of
aural overload (Lawance and Yantis, 1956). The aur al
overload test is a difficult and lengthy process (Carhart,
1973; Cdark and Bess, 1969) even with recent nodification,
(Fausti, 1971; Hunes, 1978) and the nethod of best- beats
according to Bekesy (1960) does hot give a neasure of
overload within the organ of corti. Dom co (1986) wused
Bekesy audioneter to mneasure both aural harnonic distortion

(AHD) and unconfortable condenses (UCL)
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1. UCL neasurenents - The patient is asked to manipul ate an
intensity control to first an interrupted (1) and then
continuous (C Sweep frequency stinmulus which began at 100 Hz
and (dB HL and increased at 1 oct/mn and 2.5 dB/sec to 8000
Hz. The instructions used to define UCL was the point at
whi ch the stimulus becones unconfortably | oud. Det erm nati on
of intensity level per test frequency was nade using a

transparent overlay graduated in one dB Step.

2. Aural Harnonic distortion (AHD) - during UCL tracking many
subjects reported a perceived distortion of C tone at high
intensity and frequency |evel. Subj ects were asked to track
the onset of perceived distortion as the C tone was swept
from 100 to 8000 Hz. The intensity level for each test
frequency was determned in the sane manner as was the peak

val ue for UCL tracings.

The conclusion of the above study was that an aurally
generated harnonic distortion phenonenon can be observed as a
percei ved change in tonal quality and that the threshol ds of
distortion <can be tracked at its onset wth Bekesy
audi onetry. This perceived distortion is believed to result

from an overload of cochlear system when presented with a
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puretone of sufficient intensity, frequency and duration.
This study supported 3 reported efforts of sensory
i mpai r nent, a reduced dynamic range, an elevation in
intensity required for overload of cochlear system a reduced
intensity range from audionetric threshold to the onset of

saturation. (Fig .7 a,b)

Also the distortion is perceived not only as a change in
tonal quality but also a change in | oudness. The high degree
between frequency range of onset for the perception of
distortion and C1 separation formng a cross-over. (Fig.8)
Unconfortabl e | oudness tracking pattern suggests that as the
continuous stimulus was allowed to cross over the subjects
threshold of distortion a perceived decrease in |oudness
occurr ed. A subsequent conpensation was nmade by the subject
allowing the tone to increase in intensity as a neans of
restoring the stimulus to pre-defined |oudness |evel which

resulted in cross over UCL pattern.

Inplications :- Wth respect to intensity levels of aural
di storti on phenonenon, it is possible that various procedures
such as Bekesy confortabl e | oudness, supr at hreshol d
adaptation tests nay be affected by perception of distortion.

Consi deration of this wvariation in the interpretation of
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results of these tests may wused to increased clinical
accuracy. The examiner may also wish to obtain a neasure of
AHD when dealing with cochlear inpaired |istener. Her e
el evation of AHD thresholds are correlated wth cochlear
loss. The limtation in this procedure is that severe |osses
may elevate both the UCL and AHD |evels above the maximm

out put of the audi oneter.

9.4. Cochlear M nrophonics

Roger, Voots and Watson (1964) reported a technique by
whi ch cochl ear mcrophonics (CM in animals can be neasured
using the Bekesy audioneter. The only nodification to the
audioneter is that a relay is substituted for the response
key. When cochl ear m crophonic reaches a certain value the
relay closes and when CM decreases to some minimal value the
relay opens. Wth this system CMS to sound stinmuli of 30 to
40 dB SPL can be recorded. This technique has not been used
with human being so far and hence its clinical utility is not

yet known.
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10. RETROCOCHLEAR HEARI NG LGOSS

Bekesy Type 111 and Type IV patterns in convention Sweep
frequency tracing usually indicates retrocochl ear pathol ogy.
Uphold (1972) suggested that the Bekesy type found in sweep
frequency traci ng depends on the proportion of frequencies at
whi ch adaptation occurs and their distribution. In case
there are no or relatively few adapting frequencies a type |
or Type |l pattern would follow If there is a high
proportion of adapting frequencies, then a type Ill or Type
IV pattern would follow, depending on the proportion
invol ved. Fixed frequency tracing can be nore sensitive than
sweep frequency tracing in adaptation detection. When Sweep
frequency tracing provides anbiguous results or doesnot
di splay significant adaptation,when there are consistent sign

of retrocochlear lesion, nore attention should be paid to

Bekesy fixed frequency tracings. Wien the tone decay is
leas, we may get type |l Bekesy pattern. Onens (1965)
suggested that type Il tracing may reflect neural adaptation

rather than sensory cell pathol ogy.

The Bekesy audionetry is wuseful in predicting the 8th
nerve lesion, but the absence of Bekesy neural pattern does
not exclude the absence of neural |esions; (Robertson, 1965)

Jerger and Jerger (1980) evaluated a single case 8th nerve
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di sorder twice, first when the loss was mld and agai n when
it becanme severe. They suggested that when loss is severe
Bekesy audionmetry and suprathreshold adaptation test (STAT)

provi des nost useful diagnostic information.

In case of Brief tone Bakesy audionetry as described in
9.1 if the difference between 20 m sec and 500 nsec tone
threshold doesnot decrease than 10 dB and there are
consi stent signs of sensorineural pathology, it is indicative

of a retrocochl ear | esion.

10. 1. Bekesy confortabl e |oudness

The Bekesy confortable |oudness (BCL) procedure was
first described by Jerger and Jerger (1974 a,c). BCL is
carried out in Sweep frequency node. I nstruction regarding
the I and C tones and the use of signal switch are sanme as in
conventi onal Bekesy audionetry. However, rather than tracing
threshold the client is "instructed to press the button when

signal is just unconfortably loud and to release the button

when the signal is just less than confortably |oud". (Jerger
and Jerger, 1974 a) In addition the client is told that he
will hear a continuous noise (masking) in the non test ear

during the procedure (Jerger and Jerger 1974 c).
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Various cases with normal hearing and conductive, cochlear
and retrocochlear hearing |osses were studied conparing
conventional and BCL procedures.Fig. A andB, illustrate the nost
common patterns seen. The negative (Fig A NL, N2, N3) patterns
were typical of normal ears or non-retrocochlear | esions.
Positive (FigB, P1,P2,P3) tracings typified the retrocochl ear
cases P3 pattern including reverse BCL C-tone tracing of
inmportance in BCL is the relationship between the |- and G
tone tracings rather than absolute dB differences. Anong
non-retrocochlear ears, only three with cochlear disorders
showed a positive (P1l) result. Sixteen patients had retro
cochl ear problenms (eighth nerve or brain-stem |esion) of
these, 11 evidenced positive BCL results the remaining five
gave negative results or had unclassified tracings. BCL
results were positive in the 10 confirmed cases (surgical/
radi ol ogical) while only three evidenced type IIl or 1V
pattern on conventi onal Bekesy. O-chik et.al.,(1977) reported
on one confirnmed and one suspected retro-cochlear case
conparing BCL to conventional Bekesy Type | tracings were
found in forward and reverse C threshold tracings, while
reverse C BCL tracings fell to audionmeter limts. He supports

the use of BCL as a neans of inproving the sensitivity of
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Bekesy audi onetry in identification of retrocochl ear
| esi on. In case of acoustic neuroma it denonstrates
significant auditory adaptation.

10. 2 Reverse Bekesy tracings

Reverse Bekesy tracings have been suggested to separate
cochlear fromretrocochl ear disorders. Initially conventiona

sweep tracings are collected. The client then traces the C
tone again but in reverse direction relative to frequency.
The individual is told that he or she will again, hear a C
tone but it wll gradually decrease from high to low pitch

The person is to trace the C tone ignoring the pitch change
while responding to |loudness as in conventional tracing. Here
one nust instruct the patient to reverse the switch response
(i.e. to press the switch when the tone goes away and rel ease
when it is heard) A change in instructions initially my
confuse the client.

Reports on conpari son of backward and reverse tracings of the
C tone note that little difference is seen in nobst cases
except for those ear showi ng abnormal adaptation and associ -
ated retrocochl ear disorder (Karja and Palva, 1970; Young and
Har bert, 1971, Jerger et.al., 1972). Generally the maj or separ-
ation for this nmethod is in the mddle and high frequencies.
The nost separation is seen in retrocochlear cases with the

reverse C threshold being P orer than the forward trace.
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Palva and his Coworkers (Karja and Palva, 1970; Palva
and Janhi ai nen, 1976; Palva et al, 1978) supported the
strength of the forward and backward tracing conparison for
di stingui shing cochlear for retrocochl ear disorder. In 1970,
Karja and Palva reported on a nunber of patients wth a
variety of cochlear and retrocochl ear disorders. Anmong 284
ears evaluated, 17 evidenced separation of the two tracings,
usually a difference of 30 to 50 dB. Significant adaptation
on tone decay test was also noted for these cases. These
findings were seen with a variety of retrocochl ear disorders
and 2 cases of "pure cochlear" cases. The significant
finding on the reverse Bekesy was in contrast wth the
conventional Bekesy Type | and Type Il patterns. Jerger and
Jerger (1974 C) suggested that a routine C averse tracing
should be included with routine Bekesy to increase the

l'i kel yhood of predicting a retrocochl ear problem

The value of reverse C tracing was further substanti-
ated by the Palva et al (1978) report on 36 cases each of
Meneire's discrete and acoustic neurona. Fi ndi ngs on Bekesy
forward reverse tracings accurately reflected cochlear or
acoustic nerve sites 71% of the tine. This conpared

favorably with 71% for acoustic reflex testing conventional
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Bekesy type |1l and IV were obtained only in 54% of patients.
The later figure is markedly simlar to Johnson's (1977) 57%

Type Il and IV patterns in 363 acoustic neuroma cases.

10.3 Tone Dacay Test

The tone decay test for Bekesy audioneter was nodified
by Sinon . Here patient presses the response button so |Iong
as he hears a constant frequency tone at 6 dB sensation
| evel, when or if he releases the button indicating inaudi-
bility, experinmenter raises intensity by 6 dB and so on for a

total session of one m n. duration.

Northern (1964) studied the relationship between TTS as
shown by Rosenbergs nodified tone decay test as further
nodified by sinon for Bekesy audioneter and the type |
Bekesy audiogram tracing (difference in dB at any frequency
between a continuous(C) and an | tone tracing in conventiona
Sweep frequency Bekasy audi oneter). At 2000 and 6000 Hz it
was possible to predict quite well the latter neasure from
the first within 15 dB error. A highly significant pearson
correlation (r) between two neasure at 6000 Hz, a positive
correlation at 2000 Hz and no significant correlation at 4000
Hz was found in 25 ears from 18 patients who exhibited type

|1 BeKesy audiogram tracing plus reduced peak - to- peak
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anpl i tude pen excursion above 1000 Hz in conventional C tone
Sneep - frequency BeKesy Audionetry the patients had all been
operationally defined in clinics as having cochlear |oss for
such a population these results suggest that the two
audionetric test may neasure the same process of auditory

adapt ati on.

Suzuki, Yoshie, Sakabe and |garashi (1966) adm nistered
the threshold tone decay (TTD) and BeKesy fixed frequency
threshold tracing shift (TTS) to 10 listeners wth nornal
Rearing, 16 patients with conductive hearing |loss and 42
patients with SN loss. The test stimuli for both tests were
1000 Hz and 4000 Hz tones. Oh the basis of the results
obtained fromnornal ears, the following criteria were used
in the evaluation of test results fromthe pathol ogi cal ears
for both TTD and TTS results, threshold increases of |ess
than 10 dB over a 3 mn period were regarded as negative and
threshold increase of nore than 11 dB over the same period
were regarded as positive. Results indicated that for C
tones of 1000 and 4000 Hz, normal listeners and those with
conductive hearing |oss showed negative results and sone of
the listeners wth sensori neural hearing |oss showed
positive results. Positive results occurred nore often for

TID and TTS 4000Hz showed a higher positive rate for both
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TTD and TTS than did 1000Hz. Al listeners who had positive
TTS alao showed positive TTD results. The authors concl uded
t hat al t hough abnormal adaptation is a common factor in
both the TTD and TTS Phenonenon, TTD is not an equival ent for
TTS or vice-versa. The two tests cannot be substituted for
each other, so both should be done to detect abnormal

adapt ati on.

Lehnhardt and Battoner (1980) suggested that only
dynam c recording of the tone threshold can give information
on pat hol ogi cal adaptation, auditory fatigue and aggravati on.
Therefore the authors have automated the tone decay test.
This was achieved by nodifying the G ason-Stadl er audi oneter
E-800 and concurrently by developing a special device with
integrated circuits for this purpose. Print out is made on a
commercial X-Y recorder which is also used for recording
i npedance test results. During automated TDT the patient
hi nsel f increases the intensity of the tone until he can hear
the tone again, the intensity of the tone otherw se renaining
const ant . Thus we obtain either a flat (adaptation) or a
sharply decline (auditory fatigue) curve which correlates
with the Bekesy continuous tone curve but nmay show a

di stinctive separation. The tone decay test is, in contrast
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to all other suprathreshold tests, independent of the amount
of hearing | oss. If can therefore give information on the
kind of hearing inpairment for normal short duration

threshold as wel | .

10.4 Continuous Tone Maski ng

The test is used to differentiate a case of
retrocochl ear pathology from that of cochlear pathol ogy.
Here a C tone at 1KHz and 10 dB SL is presented and the
subject is asked to trace his threshold for pulse tone.
(Fig.9

First we obtain the threshold for pul se tone in absence
of a continuous tone. W& can repeat the test at 2 KHz al so
and even at 20 dB SL.

In retrocochlear pathology, there is a shift in
threshold in presence of a continuous tone which can be
expl ained on the basis of tone decay. eg. In the absence of
a continuous tone, the threshold is 40 dB for the pure tone
of same frequency and in the presence of a continuous tone
the threshold is 70 dB, so there is a 30 dB shift in presence

of a conti nuous tone.
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10.5. Critical -Of- Time (COT)

The difference in threshold is seen for a continuous and
an Interrupted tone. The on-off time for a |I tone is 200
nmsec. Wen the off-tine is reduced, at sone value the | tone
al so starts behaving like a C tone. This critical off-tine
is different in different types of hearing |osses. Thi s
phenonenon is made use of in this test to differentiate a

retrocochlear loss froma cochlear loss. (Fig. 10)

If the | tone behaves like a C tone when the COT is 125
nmsec it is retrocochl ear pathology. Cor for cochlear loss is

75 nsec and for nornals it is 45 nsec.

This is also explained on the basis of tone decay.
Because of the less off-time, the | tone behaves I|ike a

conti nuous tone.

11. CENTRAL AUDI TORY DI SORDERS

Ohta (1981) selected 66 patients showing large tracing
anplitudes above 15 dB from about 1000 patients wth
sensorineural hearing loss. 38 of the 66 cases showed a
difference in tracking anplitude between left and right ears.
It was considered from this data that sone of the l|arge

anpl i tude values indicate certain pathol ogical conditions of
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the central auditory system In order to elucidate the
causative nechanism for the large anplitudes, 3 groups of
patients were selected for i nvestigations from those
revealing large anplitude. These groups were: -

a) Those showing type 11l or type 1V trace of Jerger's
cl assification.

b) Those with poor speech discrimnation.

c) patients denonstrating poor discrimnation for distorted

speech sound with normal hearing for normal speech sounds.

A detailed analysis of these data indicated abnormally
| arge anplitudes of BeKesy tracings are caused by sone types
of wide spread central | esions. The results of Binaural
separation test in those wth pathologically wde tracing
anplitude were anal ysed. He concluded that w de excursion
may be caused not only by disorders of right hem sphere but

al so by sonme types of dysfunction of the whole cerebrum

11.1 Brief Tone BeKesy Audi onetry

In case of normals the difference between the |ong and

short duration tone threshold is about 10 dB. If in a
subject this difference is increased, say 15 or 20 dB , it is
i ndi cative  of t enpor al | obe pat hol ogy in the |obe

contralateral to the ear in which this increase is observed.
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The difference increases because processing of short
duration tone occurs in tenporal lobe wthin auditory

reception area and Heschel's gyrus in Superipr tenporal |obe.

12.  FUNCTI ONAL HEARI NG LOSS

Jerger and Herer (1961) first reported that non-organic
inmpairments result in type V BeKesy tracing in which there
appeared to be greater loss for hearing for pulsed than for
conti nuous tones. But the concept of type V BeKesy tracing
as a predictor of non-organic hearing |oss was questioned on
the basis of its incidence in a clinical population having

conductive | oss by Hopki nson (1965).

Puxeddu (1964) suggest ed t hat mal i ngering in
audi ol ogi cal evaluations can be easily and rapidly detected
by the tests perforned wth BeKesy audioneter. The
repetition of the threshold tracing is frequently sufficient
to give the evidence of the unreliability of the response. A
further threshold tracing, obtained by increasing or
dimnishing (by 20 dB) the reference intensity level of a
audi ometer may give a further confirmation of nmalingering
tendency in tested subjects. In this case, both tracing do

not show an exactly parallel course as it nust be the case
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under non-malingering conditions. Finally, a malingerer
does not succeed in keeping constant, over a given period of
time (1 to 2 mn) the level of a threshold tracing for a

signal of fixed frequency.

Rintleman and Hardford (1967) suggested that one val ue
of BeKesy audionmetry 1is that no special techniques are
involved making it possible for even unexperienced clinicians
to identify patients with functional hearing | oss. Ventry
(1971), based on a case study concluded that BeKesy results
cannot be used to determine the extent of functional overlay
or to estimate true threshold, but it offers sone possible
insight into the |listening strategies - conscious or
unconsci ous- enployed by the patients presenting functional

hearing | oss.

Kacker (1971) studied the inplications of BeKesy
audi onetry in the cases of sinulated hearing |oss and arrived
at follow ng concl usions: -

1) Atest-retest discrepancy, consistently present in all the
subjects with sinulated hearing | oss, was the nost reliable
criterion for detecting such |oss

2) Type V Bekesy tracings indicated sinulated hearing |oss

and were found in 70% of the cases.
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3) Saucer shaped curves and increased Bekesy excursion are

not reliable indicators of sinulated hearing |oss.

4) BeKesy audioneter is a reliable tool in detecting
simul ated hearing | oss.

Jerger and Jerger (1972) reported that the discrepancy
between Forward and Backward BeKesy tracing is observed in
relatively large percentage of retrocochlear or functional
hearing |oss cases. They suggested that presence of a
di screpancy should always alert the clinician to the strange

possibility of a functional problem

| f case of Brief tone BeKesy audioneter the difference
inthreshold for short and |ong duration pulse tones and
continuous tone is indicative of Pseudohypacusis. (Kat z

1978)

12.1. Lengthened -Of-tine

Hattler (1968) reported that the type V tendency
entrances by lengthening the off-time by the BeKesy pul sed
si gnal . Hattier (1970 found that by |engthening the BeKesy
off-time from conventional 200 nmsec to 800msec, the |oudness

tracing of well trained nornal hearing subjects
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significantly increased in sound pressure |evel. When on-
time is held constant at 200 nsec mani pul ation of the off-
time should not effect the threshold neasurenent provided
that the hearing loss has an organic basis and that there is
no excessive tone decay for a (200/200) signal, Harbert and

Young (1962). (Fig. 11)

It is highly possible for a person feigning a hearing
| oss to be successful if he is famliar with the principle of
type V audiogram especially if only standard off-time (200

nmsec) and continuous tracings are obtai ned, Monro(1975).

Hattler (1970) suggested that LOT tracings are found to
be nove efficient tool than SOT (Standard-Of-tine) for the
di scovery of type V pattern because of its consistency. A
sophi sticated person could conceivably produce any one of the
four other BeKesy types indicating Pseudohypacusis. So in
case  of suspected Pseudohypacusis all three signals
(continuous, LOT and SOT) can be used in performnce of

BeKesy audi onetry.

Hattler and Schuchman (1970) reconmmended that if LOT
tracing is 5.5 dB or greater than the continuous, the test is

considered to be positive and indicative of non-organic
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hearing | oss. Behnke and Lankford (1976) suggested that the
false positive results could be reduced by changing the
criterion to 6 dB. The false positive results were found to
drop to 2% for 1000, 2000 and 4000 Hz. At 500 Hz the false
positive results were 12% So they do not recommend 500 Hz

di screte frequency tracing for children.

Hattler and Schuchman (1970) reconended that iif LOT
tracing is 5.5 dB or greater than the continuous, the test is
considered to be positive and indicative of non-organic
hearing |oss Behuke and Lankford (1976) suggested that the
false positive results could be reduced by changing the
criterion to 6 dB. The false positive results were found to
drop to 2% for 1000, 2000 and 4000 Hz. At 500 Hz the false
positive results were 12% So they do not reconend 500 Hz

di screte frequency tracing for children.

12. 2. STKNGER TEST

Wat son and Voot (1964) reported on the use of the BeKesy
audi oneter in the performance of Sbenger test. The addition
of a sinple attenuator arrangenent permts the stenger test
to be perforned on the BeKesy audi onetry. Using this
arrangenment the examner may vary the intensity of the test
tone on the supposedly poorer ear. Wile the patient is
tracing his BeKesy threshold on the good ear. Si gnal
intensity increases or decreases on bot ears simultaneously

as the patient operates the BeKesy response key. This test
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method provides an approximation of the true organic
threshold in the bad ear. Several cases denonstrating
different types of BeKesy stenger tracing obtained with the
procedure. The test appeared to have high clinical

dependi bility.

The stenger variable attenuator was set at -10 dB (10
dB greater attenuation on the test ear than on the reference
ear) The BeKesy audioneter was soheat an intensity |evel
below the patients threshold and audi oneter set into
operation at a test frequency of 250 Hz. No attenpt was made
to do stenger test for this frequency since it was felt that
practice at this initial test frequency was desirable to
acquaint the patient with the BeKesy test procedure and
adequate information for the test purpose could be gained by
testing at three speech frequencies only. Conrequently, the
threshold for 250 Hz was estableshed in normal manner. The
intensity of the BeKesy audionmeter was run back below the
zero reference level, the frequency selector held out at
500Hz and a new run begun.

After the patient threshold on* the reference ear has

stablized, the stenger proper was initiated by changi ng
the variable attenuato to a setting of zero. At this
setting the attenuator was changed to - 10 dB (that 10 dB
greater intensity in the test ear channel). Thi s procedure

as continued using 10 dB steps til either a threshold

shift was noted or until attenuat was at -50. (i.e zero
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at t enuati on) If the mninmum val ue of attenuator was reached
W t hout proceduring a significant threshold shift, the jack
leading to the reference ear was di sconnected or,
alternatively an additional 20 dB of attenuation introduced
into this ear phone by neans of the standard attenuation pad
on the BeKesy audi oneter. If the patient was truely tracing
his thresholds for the reference channel tone, then a
threshold shift would imrediately occur. | f such shift
di dnot occur then the exam ner could assune that the test

tone lateralized to the test ear and therefore the patient

could not perceive the change in intensity in the reference
ear. This situation may arise wth sophisticated patients
who sinmulate a threshold tracing by rhythmcally processing

and rel easing the signal key.

12.3 . The Fit Test

The "fusion at the inferred threshold" test based on the
findings of Stenger and others, reveals that when the two
ears are stinmulated wth the sane sound at different
intensities, the result is a fused single |ocalization. The
Bekesy nodification of the Fit test was given by Bergnman
(1964). This test was found to be wuseful in cases of

unilateral loss, interfering tinnitus and malingering or
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i nconsi stent standard audionetric results. One of the major
advantage of the test is the elimnation of nasking tone
special equipnment is however required so that the sane
frequency may be presented sinultaneously to both ears at
different intensity. This may be acconplished either with a
nodi fied Bekesy or standard audioneter. The tone is
presented to the control ear at a level of 5 dB above the
previously determ ned threshold. At the same tine sane tone
is presented to the test ear beginning with a suprathrehold
[ evel and continuing until the subject reports about a change
in sound localization in the control ear. That point

determnes the inferred threshold in that ear.

12.4. The Bekesy Ascending - Descendi ng Gap.

Cherry and Ventry (1976) evaluated the ascending-
descending gap at 1 and 2 KHz at threshold and at
suprathreshold level (ML) by a nodified nmethods of limts
and by BeKesy audioneter. BeKesy audionetry followed the
BADCE procedure of Hood etal. For nodified nethods of limts
each ascending serves began at -10 dB HL and each descendi ng
series began at 100 dB HL. Nor mal hearing subjects either
simulating or not simulating a hearing loss and subjects with

sensorineural losses from 30 to 70 dB and wthout any
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evi dence of functional hearing |oss, were used. Thr eshol ds
and suprathreshold A-D gap were greater than threshold gap

The A-D gap exceeded 10 and 4 dB in the nmethod of Iimts and
in BeKesy audionetry respectively for subjects responding at
MCL or simulating a function hearing |oss. It was concl uded
that a functional hearing |oss should be suspected if A-D gap
is greater than 4 dB by BeKesy audioneter and 10 dB using

method of limts.

Bauman and Ventry (1983) denononsrated the effect of
experimental manipulation on the A-D gap reduction in
the A-D gap occurred after sinply allowng the subjects to
listen over a 70 dB hearing range for 28 sec. It appears
that brief exposure to an intensity range that is likely to
enconpass MCL can reduce the A-D gap considerably. They
proposed that MCL is under-estinmated in descendi ng techni que
which results in AD gap of 11 dB. Procedure is inportant for
careful interpretation. This was done at 1000 Hz attenuation
rate of 2.5 dB/sec. Speech and other frequencies should al so

be i ncl uded.
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13. RAI SER | NTRACRANI AL PRESSURE

In case of raised tntracranial pressure, significant
hearing loss is seen (John, Kacker & Tandon; 1979) Hearing
acuity of the patients were studied using a BeKesy audi oneter
both pre-operatively and post-operatively when the raised
intracranial pressure was controll ed. Only low freguencies

of 125, 250 and 500 Hz showed a reversal of hearing |oss

which was statistically significant. The type Il pattern of
BeKesy audionetry changed to Type | and type IV and V
patterns had a tendency to change to BeKesy | or 1Il, on

control of raised intracranial pressure.

14. PHONOPHOBI A: -

It is generally accepted that phonophobia (an abnorna
sense of disconfort evoked by suprathreshold sounds) is
caused by paralysis of stapedius nuscle. Hansen (1965)
evaluated this condition in cases of facial nerve paralysis,
cerebral vascular residuals, chronic otitis nedia and
follow ng stapedectony by using BeKesy audionetry where in
subj ect s reduce t onal intensity when it becones
unconf ort abl e. The aut hor concluded that phonophobi a shoul d

no | onger be considered a conplaint of neurotic patients.
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15. SPEECH RECEPTI ON THRESHOLD ( SRT)

Lezak, siegenthaler and Davis (1964) utilized a Bekesy
type audiometry to obtain speech reception threshold (SRT)
tracings on 24 normal s young adults. A tape recorded copy of
Technisonic TICD record of continuous discourse was
substituted for pure tone oscillator in the BeKesy apparat us.
The tracings obtai ned were anal yzed by tine segnents over the
3 mnute test - No significant differences were found anong
nmean thresholds for tinme segnents. The overall SRT was 18.6
dB ref.0002 bar. The overall standard duration of the
distribution of thresholds among the subjects was 6.5 dB.
The nean length of excursion anong the subjects varied about
3 dB anong the tone periods, but was found to be significant
only between the first and the second m nute. The overal |
nean |length of excursion anong the subjects was 6.6 dB.
Although the obtained nean SRT wusing BeKesy Technique
produced a threshold value at a lower intensity than
reported for the regular TICD, obtaining SRT using a Bekesy

type apparatus appears to be feasible.



59

16. AN AUTOVATI C TEST FOR FREQUENCY DI SCRI M NATI ON

Grisanti (1987) proposed an automatic test for frequency
di scrimnation using the Bekesy audionetry. This test is
used to determne the threshold of frequency discrimnation.
The test is perforned by neans of a nodified automatic
audi oneter at fixed frequencies, each admnistered for a
duration of 60 sec. The test involves the stinmulus of a
series of pairs of tone bursts of 500 nms duration the
frequency of one of the tone bursts (fO 1is constant, while
the other (fO + f) gradually increases and decreases
according to subjects response. The tracings obtained
facilitate the evaluation of the discrimnation capacity of
t he subj ect.

Equi pnrent - The test is perforned using a nodified
automatic audioneter at fixed frequencies (500, 1000, 3000,
4000, 6000 Hz) each admnistered for a duration of 60s.
Modi fication inplemented on the Anplaid 225 audi oneter are as
fol |l ows.

(a) The continuous attenuator provided in the standard
equi pnent has been replaced by a manual attenuator range (O-
90 dB HTL)

(b) An electronic circuit supplying VCO driver wth a
vol tage continuously synchronized with Y displacenent of the

pen - recorder has been devel oped. In this way, the
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oscillating frequency undergoes a fractional change f/f
proportional to the pen displacenent.

(c) Atimng circuit to apply the stimuli tone burst at fO,
and tone burst wth f in sequence has been install ed.

The test involves the stimulus of a series of pairs of
two tone burst of 500 nsec at each of the test frequencies at
an intensity of 40 dB sensation level, each with a silent
Interval of 200 nsec. (Fg .12)

The intensity of tone burst is controlled by an
attenuator, from O dB HIL to 90 dB HIL nmaxi mum The
frequency of one of the tone burst (f0) is constant while the
other (fO + f) gradually increases. (eg. 1000/ 1020,
1000/ 1040, 1000/ 1060, 1000/1080. =~ = )The  frequency
variation rate f/fO/t is 1% per second upto 20% maxi mum

The percentage of frequency variation of the second tone
burst is controlled by a push button operated by the subject
who nust push the button every tine he perceives a frequency
difference between the two tone burst and release the push
button as soon as he realises that frequency of two tone

burst is the sane.

The tracing of the plotter facilitates the eval uati on of
discrimnation <capability of the subject at different

f requenci es.
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Met hod and Results:- In the present study the tracings, in

the majority of cases, uniform characteristics and that the
anplitude of excursion rarely exceeds the limt of f/f0 =
0.04. (Fig. 13)

In examning the tracings, it is seen that sone
paraneters can be used to characterise the response shown in
all tracings. For every tracing nunber of upper and |ower
peaks are considered thus determning the nunber of
excursions in each frequency range. It inplies that the nore
nunerous the peaks, the nove accurate is the frequency
di scrimnation of the subjects. Another paraneter is the

‘mean anplitude' of the excursion: the peak to peak
anplitude of excursions has been neasured. So that the
arithnmetic nean of values in each frequency range my be
cal cul at ed. Anot her paraneter has been identified in the
ordinate f/f0 (md-points) which is centred on the anplitude
of every excursion. The arithnetic mean value of this para-

nmeter has been calculated in each frequency range.(Fig. 14)

D scussion and Conclusions - The paraneters considered
before and identified as variables are X; = the md point, X
= the nean anplitude X3 = the nunber of upper peaks. X, =

the nunber of |ower peaks. The analysis of correlation
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co-efficient indicated the nost inportant variables are X
and X; and X;. How ever there are strong variability anong
the subjects, the cause of which are at | east of three kinds.
1) Biological variability anong subjects

2) Variability of sanpling.

3) Variability due to the precision of apparatus.

Results are effected by tracing of subjects. Repetition
of the test cm the sanme subjects produces an increase in the
nunber of excursions and a dimnution of the anplitudes.

The application of this procedure in clinical practice
is being evaluated by extensive studies on patients wth

defective audition (Cusimano and Maggi o, 1980)

17. BEKESY AUDI OVETRY | N CHI LDREN

Price and Falck (1963) investigated the application of
BeKesy audionetry to normal hearing hildren. The procedure
was found clinically wuseful with children of average
intelligence, with at least 7 years of age. Ni netyt hree
percent yielded type | tracings. Only 5 out of 9,6-year -
olds were able to conplete the test satisfactorily. The
results of a study by stark (1965) conparing thresholds
obtained wth conventional and BeKesy audionetry also
suggested that the wusefulness of automatic audionetry in

normal and hearing inpaired children is dependent on age.
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Al nost  one-third of 6-year-old subjects didnot produce
clinically useful tracings which alnost all of the 7-to 10-

year-old group did.

Heari ng-i npaired chil dren al so gener at e BeKesy
configurations simlar to adults. Each pattern except the
type Il was observed in children (Stark, 1960; Sw sher and

St ephens; 1968) A sizable nunber of hypacusis children
yielded Type | tracings (stark, 1966), reflecting; perhaps
pathology simlar to the large segnment of subjects wth
sensorineural |osses of unknown etiology in the Jerger (1960)
study. O sen and Buckles (1979) reported that children of 6-
7 years are capable of tracking threshold, successfully in a

brief tone paradi gm

18. H GH FREQUENCY BEKESY AUDI OVETRY

Recent inprovenents in acoustic instrunentation have
facilitated a revived interest 1in Hgh frequency (HF)
audionetry units said to produce and measure high frequency
tone both reliably and validly were constructed and used to
investigate changes in H gh frequency auditory sensitivity

whi ch were suggestive of sone pathol ogy.
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Various application of HF audionetry have been denon-
strated pertinent to both research oriented and clinical
audi onetric concerns. Rosen et.al., (1964), Rosen and din
(1965) and Rosen and Rosen (1971) denonstrated the utility of
HF audionetry in the study of presbycusis. Fletcher and | oeb
(1967) investigated tenporary threshold shift across the
human pitch range, while other investigators (Downs et.al.,
1968; Flothorp, 1973; Fousti et.al., 1979, 1981; Corliss
et.al., 1979; Erickson et.al., 1980; Dieroff, 1982) reported
studies of permanent noise induced hearing loss (NIHL) in
young adults, predictable or detectable only by way of HF
audi onetry. Sataloff et.al., (1967) applied HF audionetry to
NIHL in ol der subjects. Differences in HF sensitivity
significantly identified different stages of neningitis
(Fletcher et.al., 1967) while traditional audionmetry did not.
Jacobson et.al., (1969) wused HF audionmetry to detect drug
ototoxicity 1-2 nonths before the changes were detected by
conventional audionetry was correlated wth residual HF
sensitivity. These i nvestigators concluded that HF
audi onmetry has the potential of vyielding valuable diagnostic

i nformati on.
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Recently a cost-effective HF audionmeter has been
descri bed based on the G ason-stadl er E-800 Bekesy audi oneter
in the fixed frequency node. Prelimnary results have
indicated highly acceptable reliability and wvalidity of
t hreshol ds Gauz and Smith (1985) studied 20 nen and 65 wonen,
all normally hearing young adults (170 ears) presenting with
negati ve otoaudi ol ogical histories produced HF ac threshol ds
from 8-20 KHz Excursion. Wdths of the pen tracings conpared
favorably with those of earlier reports in HF audioneter
studies. The conposite function (both sexes, both ears) was
flat through 12 KHz/ with progressively greater SPLs required
for higher frequencies. Nei t her gendernor ear related
di fferences were seen. It was concluded that the sinplified
HF E-800, or an analogous unit could be used as a viable
clinical fool, surpassing the cost effectiveness of a nunber

of different HF audionmetric system
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19. SUWARY

This study was ained at reviewing and evaluating the
clinical applicability of the Bekesy audionetry wth the
current informations avail abl e.

The chapters 2,3,4 and 5 deal with the instrunentation
test paraneters, general clinical procedure, the diagnostic
features of the Bekesy audiogram and the different factors
affecting the test perfornmance.

The chapters 6 and 7 describe the conventional Bekesy
Procedure, the Jerger's classification of Bekesy tracing and
their usefulness in differential diagnosis of different types
of hearing |l oss or coasting the site of |esion.

In chapters 8, 9, 10, 11, and 12 the different nodifi-
cations of the conventional Bekesy procedure and their
results have been classified on the basis of their relative
i nportance in diagnosis of different types of hearing |oss,
e.g. conductive, cochlear, retrocochlear, Functional hearing
|l oss and al so central auditory disorders.

The chapters 13, 14, 15, 16 deal wth sonme specia
applications in case of raised intracranial pressure,
phonophobia, in finding out the speech reception threshold
and an automatic test for finding the threshold of frequency
di scrim nation.

Chapter 17 deals wth the application of Bekesy
audi onetry in children and chapter 18 with that of the high

frequency Bekesy audionetry.
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