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AUDI O VI SUAL ON TESTS WHI CH DI FFERENTI ALLY

DI AGNOSE COCHLEAR AND RETROCQCHLEAR PATHOLOG ES
VI SUAL AUDI O
Slide - 1 | nt roducti on: The Site of | esi ons

Audi 0 Sequences

Slide - 2

Audi ogram in
Sensory neural
hearing |oss case

Side - 3
Di agram of Cochl ea

resulting in hearing loss is of nore than
a casual interest to audiol ogists.

Through the wuse of sone basic pure tone
and speech neasurements it is possible to
separate hearing disorders intoAbroad
categories conductive and sensory neural.

This is a relatively easy task but the
di stinction between sensory hearin | oss

and neural hearing loss is nore di?ficult
to determ ne

Lesions of the auditory portions of the
inner ear are said to be cochlear or

sensory and neural lesions beyond the
inner ear are often called retrocochlear.

There are several audionetric tests which
differentiate between the sensory and the
neural kinds of hearing |oss.

For the sake of convenience we can group
these tests under the categories of pure

tone tests, speech tests & objective
tests.
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AUDIO

PORE TONE TESTS

The characteristic feature of cochlear
pathology is recruitment or abnor mal
growh in |oudness. One of the earliest
tests proposed for cochlear pathol ogies
is a direct test of recruitnent &

Measures recruitnent.

The test is Alternate Binaural Loudness

bal ance test.

This test was proposed by Fower in 1928
and is admnistered 11 to unilateral SN
| o0ss cases.

In this test tones are presented to the
two ears alternately and the subject is
required to nmake a judgenent whether the
two tones are equal in |oudness.

The test is started by presenting a 1kHz
tone at 20 dBsL to the better ear and
achieving a |oudness balance in the
poorer ear.

Then the procedure is repeated with 20 dB
increments in the better ear. The results
are plotted on a |adder gram or a graph.
Following Jerger's suggestions, the
interpretation is based on the nost
intense level in the reference ear while
the overall pattern is of value in viewng
the | oudness function.

Conpl ete recruitnent is present when
reference and variable ear are judged
equally loud at equal HL + 10 dB.

| oudness judgenents are nade at

I f equal
10 dB it inmplies No

equal SL's +
recruitnent.
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Partial recruitnment is observed if equa
| oudness judgement fall between those of
partial and recruitment.

Decruitment is said to be present if the
poorer ear needs an ever increasin
anount of intensity for a signal to soun
equally loud to the good ear.

Cochl ear pathology IS  suggested if
partial or conplete recrultnent IS
obser ved.

No recruitment or decruitment suggests -
No cochl ear pat hol ogy.

Monaur al | oudness bal ance test this test
was proposed by larger in 1936. The test
is simlar to ABLB excePt that it is done
on cases with bilateral SN hearing |oss
with atleast one frequency which has
normal threshol ds.

Wi l e ABLB S a direct test of

recruitnment an i ndi rect nmeasur e of
recruitnment is the difference Linen for
intensityor DLI 'test,

The difference linmen for intensity is the
snal | est detectable change in intensity.

Lusher and Zw sl ocki devel oped a DLI test
in 1949 Which eanyed popul ar use for
a time, In this test the patient
listened to a puretone presented 40 dB
above threshold and was asked to indicate
when anplitude nodul ation of the steady
state S|%nal resulted in a pulsating
sound.  Those patients who could detect
small intensity changes were assumed to
have cochl ear pat hol ogy.

This ' test led to the developrent of

anot her t est whi ch al so I nvol ved
detection of very small increnents in
intensity. This test was proposed by

Jerger, Harford & Shedd in 1959 & is
call'ed Short increnment sensitivity |ndex.
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The test is done at 20 dBSL at 500Hz, KHz
2 Khz & 4Khz.

The task is to detect I|db increnents
which are super inposed on a 20 dB SL
carrier tone, the increment is given
every 5 sec for 200 nmsec. Interpretation
is based on the percentage scores of
correct identification.

Scores of 0-70 indicate non cochlear

| esion and scores between 90-100 indicate
chchl ear 1 esion.

S1S1 may be perfornmed in at
1) One dB increnents at

cl assical SIS
suggest a cochl ear

| east 5 ways.
20 dBSL (the
test) high scores
| esion.

2) 2-5 dB increments at 20dBSL |ow scores
suggest a retrocochl ear |esion.

3) One dB increnents at high sound |evels
(eg 75dBHL) Ilow scores suggest a
retrocochl ear | esion.

4) Increment sizes varied from1l to 5 dB

at 20 dBSL - poorer scores in one ear
than the other (when thresholds are
approxi mat el y equal ) suggest s X©
central lesion opposite the ear wth
the | ower scores.

5) One dB increnents at SLs ranging from
20 dB to high levels (about (75 dBHL)
in 10 dB steps for both ears.

Difference in the rate at which scores

increase suggests a retro cochlear
| esi on.
Abnornal adaptation is a feature seen in

the retrocochl ear pathol ogi es.
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Tone decay test is a test to detect
abnormal adaptati on. Tone decay test
was, first proposed by Schubert in 1944,
since then many nodifications have been
proposed by various researchers of these
nmet hods the O sen & Noffs TDT which
was proposed in 1974, has enj oyed popul ar use

In this test the tone is presented at 20
dBSL for 1 m nute. Case has to respond

to the tone as long as he hears it. |If
case hears the tone for 1 mnute at 20
dBSL test is negative. |If the case stops

responding then intensity is increased In
5 dB steps without interrupting the tone
till the case hears for 1 mnute or til
35 dBSL is reached, tine for which the
person hears at each level should be
noted. |If case doesn't hear the tone for
1 mnute at 35 dBSL also it indicates
retrocochl ear pathol ogy.

O sen and Noffsinger's TDT is done at 500
Hz, IKhz & 2Khz. A nodification of this
test which is done at suprathreshold
levels is the supra threshold Adaptation
test.

This test was developed by Jerger &
Jerger in 1975.

It is sane as TDT except in this test
tone is presented at 110 dBSL at 500 Hz,
1KHz & 2KHz for 1 mn to the test ear and
white noise at a level of 90 dBSL to the
non test ear.

The test s scored positive if the
patient fails to respond for the full 60
sec. In which case it is indicative of
retrocochl ear pathol ogy.

These are few of the puretone procedures
used to | ocate t he cochl ear and
retrocochlear lesion. Automatic pure tone
audionetry has also been used for this
pur pose.
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This procedure was first described by
Von Bekesy in 1947 and was nodified by
Jerger in 1960's.

A special audioneter is required for
testing. Test frequencies range from 125
HH - 8 KHz and are presented to the
patient in 2 nodes— The Sweep frequency
node & the fixed frequency node.

The intensity of present ation is
controlled by patient through a response
button, subject presses the button, when
he hears the tone & hence reduces the
intensity & releases the button when he
st ops hearing hence increasing the
intensity. Rate of intensity change is
2.5 dB/second. 4 types of tracing are
obt ai ned whi ch can be used to
differentiate cochl ear pat hol ogy  and
retrocochl ear pat hol ogy.

Traci ngs are obtai ned t hr ough bot h
i nterrupted and conti nuous tracings.

Type 1 tracing. In this type the pulsed
and continuous tones are superinposed at
all frequencies. Anpl i tude of excersion
is roughly 10 dB. This type is typical
of conducti ve heari ng | oss and
occasionally in sensory neural hearing
| oss & presbycusis.

Type 2 tracing - The pulsed & continuous
t ones are superinposed at the |ow
frequencies from roughly 1 KHz onwards
the continuous trace falls below the
pul sed trace by about 20 dB and the gap
remai ns paral | el for the remaining
frequenci es. This trace is typical of
cochlear disorders such as Meniere's
di sease.

Type 3 tracing - The pulsed trace is
normal but the continuous trace falls way
bel ow the pulsed trace at an early stage
e.g. | ess t han 500Hz, sonet i mes
di sappearing altogether. This trace is
typi cal of retrocochlear disorders such
as acoustic neurona.
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Type 4 tracing - There is a wde gap
(greater than 25 dB) between the pul sed
and continuous traces. The separation
takes place at a fairly early stages and
remains stable over the whole frequency
range. This trace is typical of
retrocochl ear disorders.

Modi fi cation of the conventional Bekesy
audi onretry have al so been used to detect
cochl ear and retrocochl ear |esions.

Karja a Palva observed in 1970 that in
retrocochl ear di sorder conpari son of
forward and reverse tracings of t he

cont i nuous tone shows signi ficant
difference in threshold obtained through
these 2 tracings i.e., greater than 10

Critical off tine This test was proposed
by Herbert and young (1962) critical off
tine is the off tine when the interrupted
traci ng behaves |ike continuous tracing.
The normal on-off tine is 200 ms. If off
time is reduced to 125 ns it indicates
retrocochl ear pathology and if off tines
reduced to 75ms and type 1 tracing is
seen then it indicates cochl earpat hol ogy.

Due to tone decay | tone is perserved

as conti nous tone.

Continuous tone masking: Here tone is
presented at either 10 dB SL or 20 dBSL
and patient is asked to trace hi s
threshold for pulsed tone. The threshold
for pulsed tone is found in the presence
and then in the absence of a continuous
t one. There will be a large threshold
shift in case of retrocochlear pathol ogy
with the threshold of pulse tone in the
absence of continuous tone being |ess.

Anot her nodification of the conventiona
Bekery audionetry is brief tone Bekesy
audi onetry.
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Slide - 19 Hughes in 1946 was the first to show
Brief Tone that, as the stinulus duration decreased,
Audi onetry the pure tone threshold increased.

Barner and Mller in 1947 showed that
this effect occurs for stinulus bel ow 200
ne and is referred to as tenporal
i ntegration or sunmat i on function.
Sanders, Josey and Kenker in 1971 showed
that the slope of this function in retro-
cochl ear pathology was simlar to that in-
normals and steeper than that found in
cochl ear pathol ogy cases. Thus, brief
tone audionmetry differentiated between
retrocochl ear inpaired ears and cochl ear

i mpai red ears but not bet ween
retrocochlear inpaired and normal hearing
ears.

These were a few pure tone procedures
used for differentially di agnosi ng
sensory and neural hearing |oss cases.

Slide - 20 Speech tests are also useful in this. One
Articul ation curve such useful test is the PI-PB function
Pl - PB function and the roll over index.

The articulations curve was obtained by
Jerger and Jerger in 1971.

In this test the speech discrimnation is
recorded on a graph in which the
intensity of presentation in decibels is
pl otted agai nst t he per cent age of
correctly identified itemns.

The following patterns are seen for
various pathol ogi es. In normal ears
type(a) 1Is seen in conductive hearing
| oss type(b) is seen.

Type(d) in which the intelligibility is
not inproved beyond a certain dBSL i.e.
100% discrimnation is not reached is
seen usually in cochlear disorders and is
due to recruitnent.

Type (e) slope in which beyond a certain
pol nt intelligibility is reduced by
further increase in intensity i.e., roll
over seen is typical of advanced cochl ear
di sorder or an M| Ith nerve [ esion.
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To find the significance of roll over the
fornul a.

PB Max - PB mn i's used
PB Max

Were PB max is the highest SDS at which
the subject reaches the plateau and PB
mn is the lowest point to which the
di scrimnation dr ops after further
increase in intensity.

If this function is greater than 0.45 it
i ndi cates retrocochl ear | esion.

Anot her usef ul par amet er whi ch S
routinely wused in detecting cochlear
pat hol ogy is the dynam c range.

Dynam c range is found by deducting the
speech reception threshold from
unconfortabl e | oudness |evel.

In normals the dynamc range is 90-100 dB
if the dynamc range is less in a case it
i s suggestive of cochlear pathol ogy.

These tests were subjective in nature,
one can also nmake wuse of objective
procedures i.e., where the voluntary
response is not required to cone to a
di agnosi s.

The procedures which are nost w dely used
are reflexonetry and evoked response
audi onetry.

Ref | exonetry

A stimulus which is sufficiently |oud
elicits a reflexive contraction of the
stapedi al nmuscle when the reflex arc is
i ntact.

The reflex can be elicited by both
i psil ateral and contral at er al
sti nmul ati on.
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Depicting the right and left ear reflexes
bot h for crossed and uncr ossed
stimul ation yi el ds the Jerger box
pattern. Jerger proposed wuse of box
paaterns in 1979. The Jerger box pattern
Is an inportant indicator of site of
| esi on. 3 types of boxes clear boxes
indicate reflexes within normal blackened
boxes indicate that reflexes are absent,
hat ched bones indicate reflexes present
but abnor mal .

Jerger box pattern in a subject wt
normal hearing in right ear and ml
cochlear |oss in | ef t ear. Al
refl exes are present the reflexes i
| ef t ear are present at |ow sensatio
| evel because of recruitnent.

h
d
I

n
n

Jerger boat pattern in a case w th nornma
hearing in the right ear and severe
cochlear loss in left ear. Reflexes are
normal when the right or the normal ear
is stimulated and elevated in the case
where the left ear is stinulated.

Jerger box pattern in a case with norma
heari ng in" right ear and prof ound
cochl ear | oss in left wear. A diagona
pattern where the right contralateral and
left ipsilateral reflexes are absent.

Jerger ox pattern in a case with norna
hearing in right ear and retrocochlear
pathology in the left ear in this case
too an di agonal pattern which is simlar
to the one seen when the case has nornal
hearing in right ear and profound
cochlear loss in the left ear.

Jerger box pattern in a case with norma

hearing in right ear and br ai nst em
lesion in the left ear. Two types of
patterns m ght be seen depending on the
site of |esion.
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In case of extraaxial lesions a diagonal
pattern is seen and in case of intraaxial
lesion horizontal pattern is seen where
the crossed reflexes are absent.

A test used widely in clinical practice
is the Reflex decay test. This test was
first described by Anderson et al in
1969. This is a test of retrocochl ear
lesion here a tone is presented 10 dBSL
with ref erence to acoustic refl ex
threshold for 10 seconds. A 500 Hz

or 1KHz tone is used as stimulus. The
anplitude of the reflex is nonitored. In
normal s, normal anplitude is maintained
t hroughout stinmulation. |If there is a
reduction of anplitude of 50% or nore
with in 5 sees it indicates the presence
of a retrocochl ear |esion.

A test of recruitnment wusing reflexes is
the nmetz recruitnment test. This consists
of conparison bet ween t he pur et one
threshold in the contral atera

ear and the reflex levels in the test
ear. |If the gap is less than 65 dB, then
recruitnent is present. The sane
procedure i's carried out for al |
frequenci es where cochl ear dysfunction is
suspect ed.

Fitzland and Bal kery gave a fornula to
conpute the anobunt of recruitment this is
called the differential ratio quotient or

C(AX) - (BY)
X-y

Were "A" is the ART of better ear 'B is
the ART of poorer ear. 'X is the pure
tone threshold of better ear. 'Y is the
pure tone threshold of poorer ear.
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DRQ less than 0.5 suggests no recruitmnment
DRQ equal to 1 i ndi cates conpl ete

recruitment. |If DRQis between 0.5 and 1
it indicates partial recruitnment.

DRQ greater than 1 is seen when there is
hyper recruitment.

Anot her index of recruitnment nay be seen
in the abnormal growth of anplitude for
successi ve I NnCreases in stimul us
Intensity. Where as in normal subjects
after threshold has been established, the
anplitude grows regularly in proportion
to stimulus | evel s, in recruiting
subjects there is sonetines evidence of
di sproportionate grow h of anplitude even
for a 5 dB increase in stimlus
intensity.

Li ke DRQ anot her paraneter which studies
the tenporal alterations of acoustic
reflex is the reflex relaxation index.
This was proposed by Norris et al in
1974. To neasure RRI, a pulsed tone of
500 Hz, 1KHz and 2KHz is presented at 10
dB above acoustic threshold |Ievel. The
width of the pulsed conponent is divided
by the total reflex anplitude to get
Reflex relaxation index. An RRI of less
than 30% was considered indicative of SN
| oss. Besi des reflexonetry the other
procedure wuseful in locating site of
lesion is the Brain stem evoked response
audi onetry.

These responses were first recorded by
Jewet and WIlis ton in 1971. The
stimulus used to evoke brainstem response
are clicks. The Brainstem response is an
early response whose latency is 4-6 sec.

Slide - 32 The shape of the wave or norphol ogy shows
Mor phol ogy of Jewet seven peaks.

Wave
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The peaks have di fferent origins
Peak | - originates fromcochlear nerve.
Peak I1- originates from Gochel ar Nucl ear
Peak Il - originates from Pons
Peak IV - originates from Pons

Peak V - originates fromMd Brain
Peak VI & VIl undeterm ned.

For differentially di agnosi ng
sensorineural hearing loss cases t he
qual itative neasure used is the wave
nor phol ogy and the quantitative neasures
used are |atency and anplitude measures.

Latency - Latency is the interval between
the presentation of the stimulus and the
response. Absol ute | at ency is t he
| atency of each peak.

Inter peak latency is the |latency between

two peaks interpeak latency of peak I,
peak 11l and Peak V are usually used for
di agnosti c purposes.

Absol ute latency is affected is cases of
conductive loss, sloping high frequency

| oss and uni | at er al high  frequency
profound hearing |oss. But interpeak
| at ency is not affected by these

condi ti ons.

In case of retro cochlear pathology the
interpeak latency is prolonged i.e.,
greater than 2 nsec.

If anplitudes are considerably reduced
even at high intensity level when the
conventional audionetric threshold is 30
to 40 dB retrocochl ear pathology can be
suspect ed.

If anplitude ratio of V & | peak is
greater t han I one can suspect
retrocochl ear pathol ogy.
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Slide - 36 By plotting the latency of wave V at

Latency - Intensity different intensities (the Ilatency

function intensity function), general site of
lesion information of a bearing loss nay
be inferred. If conductive rearing |oss
is present, the intensity required to
produce ABR is increased. Threshold is
elevated and latencies of all waves are
prolonged but interwave intervals are
normal and the slope of the |atency
intensity function is simlar to one
showi ng normal hearing. If the lesion
results in a high frequency loss in the
cochlear, wave V shows a normal |atency
at hi gh sensati on | evel s but ie.
prol onged near threshold, resulting in a
steeply sl opi ng | at ency intensity
function. Wen the lesion affects the
auditory nerve, as in the «case of
turnors, all waves subsequent to wave |
are often delayed or absent at all
intensities.
These tests are just a few of the nany
procedures used in locating the site of
| esi on.

Slide - 37 Jerger and Jerger in 1983 and Turner and

sensitivity

specificity and

efficiency of

tests

Nielen in 1984 have suggested t hat
audi ol ogi cal tests for site of |esion can
be subjected to a set of mathematical
nodels by mnmeans of clinical decision
analysis CDA asks questions about each

tests sensitivity (how well it correctly
identifies a le0sion site or true
positive), its specificity (How well it
rejects an incorrect diagnosis or true
negative), its predictive valve. (The

percentage of false positive and true
negative results) and its efficiency (The
percentage of true positive and true
negative resul ts) Review  of t he
sensitivity, specificity and efficiency
of 7 popular site of lesion tests shows
that none of the tests are infallible

sonme tests |ike Bakesy audionetry and
STAT have high specificity but |ow
sensitivity where as others like PI-PB

have high specificity and noderate
sensitivity, still other tests |ike ABR
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are both highly specific and hi ghl y
sensitive and are both efficient and
possessive of high predictive valve.

The trends pointed out by Mirtin and
Morris (1989) suggest that the ol der
psychophysical tests are giving way to
newer el ect rophysi ol ogi cal procedures.
No site of lesion test is infallible for
any i ndi vi dual | oss, it m ght be
necessary to use the entire test battery
before a diagnosis can be made. Al |
results of special diagnostic tests nust
be conpared with pure tone and speech
results and above all to the patients
hi story.
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