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| NTRCDUCTI ON

| npedance Audi onetry yields information quickly and it
does not require judgenents by the patient. The results are
relatively easy to interpret, and it can be valid and reliable
measure, provided the clinician respects the procedural and
I nstrunent ati onal variables that can influence theresults.

Exanpl es of sone of these variables are |isted bel ow

Frequency of the probe-tone

o ®

Rat e of air-pressure change

D rection of air-pressure change

o o

Range of air-pressure

e. Sensitivity of the recorder

f. Chart speed of the recorder

g. Unit of neasure

Adherence to nmanufacturer's calibration procedure

(Jerger and Northern 1979).

The "W pattern tynpanograns (which include type D and an
undul ating type E tynpanograns) are directly related to the
frequency of the probe-tone. The higher probe tone frequency
Islikely toyield a'W pattern in a variety of hearing dis-
orders. The frequency of the probe-tone has a direct effect
on the type of tynpanograns obtai ned on a variety of ears.

(Al berti and Jerger 1974).



Li den and Col | eagues (1974) report a hi gh correspondence
between the 'W pattern and sinple scarred ear drumand in
cases With aa atrophic or flaccid ear drum It is possible
that a smal| atrophic sear, even non-visible, on the tynpanic
menbrane may cause a 'W of type D tynpanogram The apparent
significance of a type E or undul ating tynpanogram presents a
conflict when selecting a probe tone frequency. This pattern
signifies the presence of an ossicular chain discontinuity.

The prospective user of inpedance audionetry mast judge
what probe frequency to use for tynmpanometry. It appears that
t he hi gher probe frequency, the nore sensitive tynpanonetry is
for the detection of abnormalities of the conductive portion
of the hearing nechanism At the sane tinme, when a higher probe
frequency is used (ie. 660Hz or 800Hz), the clinician nust be
prepared to yield a greater percentage of false positive cases,
that is, ears that appear to have an abnornality but actually
do not have any particul ar consequence. But this error can be
reduced if other audiologic and otologic data are taken into
consi deration whan interpreting the tynpanometric results.

(Jerger and Northern 1979)

Tympanometry with | ow frequency probe tones provides
useful clinical information for patients with disorders of
tympanum the tynpani ¢ menbrane, and the euatachi an tube.
However, |owfrequency probe tone is relatively insensitive



to many lesions that affect the ossicular chain. For exanple
dinical Gosclerosis, conplete oasicular discontinuity, o0ssi-
cular disruption with fibrous union. Congenital ossicular

mal f ormati on or absence, fracture of the stapedial head, neck
or crura, congenital fixation of one or nore ossicles; avul sion
of an intact stapes fromthe oval w ndow, forcing of the stapes
intothe vestibule, fractured Ctura with stapes fixation,
osteogenesi s inperfecta tarda, and ossicul ar fibrous dyspl asi a
often do not yield distinctive patterns when a typical clinica
probe tone (inthe range from220 to 275 Hz) is used for tynpano-
metric measurenents.

(Lilly 1984).

Need for the present study:

It is known that |owfrequency probe tones are insensi-
tiveto identify and differentially di agnose few pat hol ogi cal
conditions. H gh—¥requency probe-tones provide additional in-
formation and hel p us to identify those pathol ogi cal conditions
whi ch do not al ways yield pat hognononic patterns with conven-
tional tynpanonetry (which use | owfrequency probe-tones).
Hence di agnostic findings for the different probe-tones need
to be conpared. Present study is carried out to conpare the
resul ts obtai ned using the high frequency probe tones and | ow

frequency probe-tones, (in normals as well as few pathol ogi cal

subj ect s)



Aimof the study is to establish normative data for the
different probe-tones (i.e. 226Hz, 660Hz and 1KHz probe-tone
frequencies). Study is carried out oa normals as well as few
pat hol ogi cal subjects al so. Hence, conparison between normnal s

and clinical population is nade possi bl e.

Nul | Hypot hesi s:

There is no significant difference between static com
pl i ance val ues obt ai ned usi ng 226Hz and 660Hz probe-tone fre-

guenci es.

There is no significant difference between M ddl e Ear
Pressure Val ues obtai ned using 226Hz and 660Hz, and 226Hz and

1KHz probe tone frequenci es.

There is no significant difference between G adi ent val ues

obt ai ned usi ng 660Hz and 1KHz probe tone frequenci es.

There is no significant difference between conpliance (PVT)
val ues obt ai ned using 226Hz tod 660Hz, 660Hz and 1KHz. and 226Hz

and 1KHz probe-tane frequencies.

There is no significant difference between Contra Refl ex
Threshol d Val ues obt ai ned usi ng 226Hz and 660Hz, 660Hz and 1KHz,
and 226Hz and 1KHz probe-tone frequencies.



REM BEW CF LI TERATURE

Brief review about |npedance Audionetric results for the

di fferent probe-tones:

Tynpanonetry, the neasurenent of aural acoustic inmmttaace
as a function of ear canal air pressure, was introduced by
Terki | dsen and Thonsen (1959) as a nethod of evaluating the
m ddl e ear pressure. Because nost clinical acoustic immttance
I nstrunents have provided with only one | owfrequency probe-tone
(220 or 226Hz) relatively little clinical experience has been

acqui red wi t h hi gher probe frequenci es.

Wth one notabl e exception the investigations into the
clinical utility of high frequency tynpanonetry ( 500Hz) have
led to the conclusion that inportant clinical infornation can be
obt ai ned fromtynpanograns recorded w th hi gher probe frequencies.

(Al berti and Jerger 1974)

In 1974, Liden et al reported that 800Hz probe frequency

was found to be nost useful for detecting ossicular abnornalities.

Col letti (1975,76) recorded tynpanograns from nor nal
subjects and a variety of pathological ears. He suggested that
t he frequency regi ons of various tynpanonetric shapes provided

I nformati on of diagnostic significance.

Van de Heyning et al (1982) pointed out that high frequency

t ynpanogr ans obtai ned frompatients with | ow i npedance abnornal i -



of

ties were distinctly abnormal. The shapes of |owfrequency
t ynpanogranms, on the other hand, were not always distingui-
shabl e fromthose obtained fromnormal ears.

Cases of high inpedance pathol ogi es have been reported
by Shurin et al (1976) and Margolis (1978), who simlarly
denonstrate that high frequency tynpanonetry produces i npor-
tant clinical information.

Van Canp et al (1903, 85) pointed oat that the optina
probe frequency for detecting abnormal mddle ear conditions
based on tynpanonetrlic shape is inthevicinity of 660Hz.

Van Canp, Cretan, Van de Heyning, Decraenmer and Van
Peperstraete (1983) conducted a study. The relative occurrence
of bell-shaped and various types of Wshaped susceptance, con-
ductance and adm ttance phase tynpanograns at a probe-frequency
of 660Hz was determned on normal ears. The diagnostic val ue

t he susceptance, conductance versus adm ttance-phase repre-
sentations of tynpanogranms was studied on pathol ogi cal mddle
ear systens. Using probe-tone frequencies from510Hz upto
910Hz, tynpanograns for all four inmttance conponents were
recorded on 10 pathol ogi cal ears and the diagnostic val ue com
pared. It was concluded that the admttance-phase approach
at a probe tone frequency between 500 and 700Hz is found to
be good.
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Terkil dsen and N el son (1960) have recomended 220Hz. In
their first comrercially availabl e nmodel of acoustic inpedance
meter (Madsen El ectronics A/'s Mdel ZO-61) the electronic
bridge is balanced to zero by adjusting anplitude and phase.
By using a 220Hz tone they are of opinion that unwanted reso-
nances can be avoided. Furthernore, the SPL of the intra-aural
muscl e reflex threshold is higher in the | owfrequency range
than in the md-range. Thus the intensity of the carrier tone
can be increased wi thout danger of eliciting the reflex, and
t he pi ck-up m crophone becomes |ess sensitive to surrounding
noi se.

Mol I er (1961) advocates using 800Hz. At this frequency
t he change in inpedance during nuscle contraction is high because
this frequency is closer to resonance frequency of the ossicular
chai n.

Al'so, a probe-tip with very narrowopenings can easily be-
come bl ocked with cerumen. So the tubes with larger dianmeters
are preferable, however, that this critically lowered the inpedance
of the probe, Transducers with |ow inpedance strive to naintain
constant SPL, at least iathelowfrequency range, independent
of changes in the inpedance of the ear. At 800Hz a probe-tip
with relatively large openings, however, has sufficiently high
| npedance to make neasurements of the change of the ear-inpedance
possi bl e.

(Liden, Bjorkman and Peterson 1974)
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In 1970, Liden, Peterson and Bjorknman carried out a study
usi ng probe frequencies of 220, 625 and 800Hz.

20 normal ears and 2 ears with abnormal tynpani c menbrane
were tested wth three tyapanonmetry systens using probe fre-
quenci es of 220, 625 and 800Hz. In case of nornal ears, the
maj or differences anong the throe frequencies, were in the
shape of the positive half of the tynpanograns and in the depth
and position of the notch. The only statistically significant
difference anong the characteristics for the three frequencies
I's between 230 and 800Hz for the magnitude of the difference in
SPL between the two end points of the tynpanograns.

Tynmpanogr ans wer e obt ai nedw t ht hr ee pr obe frequenci es
(200, 625 and 800Hz) for the right ear of a 20 year-ol d woman
Wth normal hearing. Qoscopic examnation revealed a snall
scar in the posterior inferior quadrant, and a hyper-nobile
drumupon eval uation with siegle toscope. The curves obtained
for probe frequencies of 625 and 800Hz show a rapid oscillation
just to the negative side of zero-pressure. This oscillation
did not occur for the 220 Hz probe tone. Because of the fluc-
tuating pattern near the notch for the two hi gher probe tones,
the pattern of progressive depth with increasing probe frequency
was not apparent. |f however, the upward peaks were inverted to
formthe notch of the tynpanogram the same frequency relation-
shi p was obser ved.



Tynpanograns were obtained with three probe frequencies
(220, 625 and 800Hz) for the left ear of a 25 year ol d wonan
with a hypernobile tynpanic menbrane. The 800Hz probe tone
produced a | arge sudden peak near atnospheric pressure. A
smal | er but evident peak was al so present for the 625Hz probe
tone. \WWen using the 220Hz probe tone the notch irregularly
ties conpletely disappeared and the notch depth was | eas.

In 1961, Ml ler pointed out that the positive pressure
inthe ear canal resulted in higher inpedance for frequencies
around 800Hz than for frequencies approaching 200Hz. Al so, he
observed that the notch becomes progressively deeper when noving
t o higher probe frequencies and that it shifts slightly to the
| eft when noving froma high frequency probe tone (800Hz) to a
| ow frequency probe tone (220Hz).

The abnormalities in the tynpanograns for probe frequencies
of 625 and 800Hz may be associated with the wave |ength of these
frequencies, as related to dimensions of the tynpanic cavity.
Ref | ection patterns between the nedial wall of the mddle ear
cavity and the nedial surface of the tynpanic nenbrane nay be
creating the fluctuations seen in the tynpanograns near the pre-
ssure bal ance point. Because of the | onger wave length for 220Hz
such reflection patterns apparently do not occur. Mny ears
showi ng hypernobi | e tynpani ¢ nenbrane or hypernobility in conbi-
nation with small insignificant scarring will showa'W pattern

on the tynpanograns usi ng 800Hz probe frequency.
(Leden, Peterson and Bjorkman 1970)
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The so-called W notching of tympanograms can be explained
if some realistic assumptions are accepted about the dependence
on the pressure in External Auditory Meatus of the acoustical
resistance and the acoustical reactance at the ear drum. It is
easy to understand why W-pattems occur only at higher frequen-
cies. 1Indeed it ia known that the reactance XD of the human

ear at P=0 increases with frequency and can become positive.

(Zwislocki 1962)

A small supplementary increase in X is due to the factor
B=tgkl 1in the transformation term (mathematically) from ear drum
to measuring plane. This factor also increases with frequency.
The appearance of a W-pattem in the admittance proves that for
a certain P interval, the ear becomes mass controlled. Also,
for higher frequency probe tones, no pathology is necessary to

explain W-notching.

(Vanhuyse, Creten and van Camp 1975)

In going from low frequency probe tones to higher probes tone
frequencies, W-notching of tympanograms were reported. The effect
was related to some ear-dram pathologies or flaccid ear drums.

It was observed that for a given subject these W-pattems become

less pronounced and may disappear in going to lower probe tones.

(Liden et al., 1970)

Not much difference exists between measurements with the

different probe tones in normal ears in terms of pressure infor-
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nation, the nmagnitude of acoustic inpedance or shape of the

t ynpanogram but there are differences which appear in abnorna

ears whi ch do influence the neasurenents and tynpanogram shape,

but not the pressure determnation. Certain pathol ogies are

known to result in increased i npedance. The presence of

QG oscloroais, nmalleolar fixation or adhesi ons for exanple, nay

be inferred fromincreased inpedance. However, because the

m ddl e ear behaves as a stiffness domnated systemfor |ow fre-

guenci es anyway, this change, while evident, would tend to be

| ess noticeable with a | ow frequency probe tone. On the other

hand, the effect of these stiffening pathologies is nore

with higher frequencies. This is a consequence of the fact that

t hese pat hol ogi es shift the resonant point of the ear upward

and the proportional increase in inpedance for higher frequencies

isgreater. Simlarly a | oosening pathol ogy, such as interrupt
tion of the ossicles, dranatically | owers the resonant point of

the ear. Again, with the frequency probe tonein tynpanonetry

this effect is nore dramatic than with the | ower frequency, which,

while it is affected in magnitude, is not always affected by

alteration of the snoothness of the tynpanogram Tynpanonetric

shape is SB i nportant advantage gai ned with the use of higher

frequency probe tones. The follow ng table-1 shows the nore common

pat hol ogies with their nore predictabl e tynpanonetric confi gura-

tions for the high and | ow frequency probe tones.
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M ddl e Ear D sorders Tynpanonetri c Snape
H gh Frequency Low frequency
pr obet one pr obe-t one
1. Acute Serous Qitis Flat-slight raising | Flat-falling
2.Serous Qitis resol - Fl at Flat-falling
ving 'QJue' ear
3. hol eat eat oma Fl att ened Lower at negative
pressure.
4. | ncudoat apedi al Peaked- nor nal Deep not ches peaked
I nterruption and undul ati ng
5.Qrural interruption Peaked- nor nal Deep not ches peaked
and undul ati ng
6. Heal ed Tynpani c Nor mal - peaked Not ch peaked
Menbr ane Perforation
7. Perforated Tynpanic Fl at Fl at
Menbr ane
8. st apedect ony Nor mal Not ched and
undul at i ng

(Fel dman and wi | ber 1976)

Colletti (1976) was the first to study systematically the
rel ati on between shape of a recorded tynpanogram and probe-tone

frequency. The probe tone frequencies ranged from260 to 2000Hz.

Briefly Colletti observed that the norphol ogy of a typical
t ynpanogr am pr ogr esses through three characteristic patterns as
probe frequency is increased. Wen |ow frequency probe tones are
delivered to a normal mddl e ear system the resultant tynpano-
grans assune t he shape of a Lanbda with a single peak near a point

on the horizontal axis where air pressure in the external auditory
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meatus is similar to that within the tympanum. The first fre-
quency region described by Colletti is below the resonance
frequency (£, ) of the ear under tests It is identified with
the notation "SUB f " and a " A " oa the left side of Figure-1.
The second frequency region described by Colletti contains the
resonance frequency (f ) of the ear under test. Tympanograms
in the f region are characterized by two or more peaks (extreme).
The 80 normal subjects studied by Colletti had a mean f of
approximately 1000Hz with a S.D. of 170 Hz. A range of 2 S.D.
about this mean (600 to 1340 Hz) , the notation "f REGION" and

a "W" are used to identify Colletti's normal £ region in
Figure-1. The third frequency region described by Colletti lies

above f for the ear under test. Tympanograms in this region

are characterized by an invasion of the SUB f tympanograma and
thus, by a single valley (extreaum). This third region is iden-

tified with a natation "SUPRA f " and a "V" on the left side of

Figure-1.
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Several investigators have reconmended systens for classi-
fying tynpanogranms according to anplitude, peak pressure, gra-
dient, and/or shape. The Liden/Jerger classification systemia

t he moat widely used system Feldman reconmmrended a descriptive

anal ysis of tynpanonetric peak pressure, anplitude and shape.

Al'l of these classification systems, which were devised largely

for describing tynpanograma generated with single-conponent (1Y),

single frequency (226Hz) instruments, have been w dely used.
(Margolis and Shanks)

At 226Hz, a conparison of peak susceptance and conduct ance
anpl i tudes shows that suaeeptance is considerably larger than
conductance. Stated differently, the anplitude of the admttance
tynpanogramis only slightly larger than the susceptance tynpano-
grambecause the systemis so stiffness controlled at this fre-
quency. As the probe frequency increases, notching first of the
susceptance, and then of the conductance and admttance tynpano-

I'S noted. Notching first occurs at a higher probe frequency
(610 Versus 510Hz) and is less marked for the descending than for
the ascending direction of pressure changes. For the descending
direction, the conductance and admttance tynpanograns on this
subj ect show |ittle notching for probe frequencies upto 910Hz.

(Margolis et al)

Tynpanonetric shape changes in an orderly manner as probe
frequency increases. At the |owest frequency (220Hz) the anpli-
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tude of susceptance is approximately tw ce t he conductance anpli -
tude. As probe frequency increases, the peak nmagni tude of con-
duct ance i ncreases rapidly and becones greater than the suscep-
tance val ue by 510Hz. As probe frequency increases further, peak
suscept ance begins to decrease or 'notch’'. This result is expec-
t ed because nass susceptance (-BV) increases and conpliant susce-
ptance (Bc) decreases as a function of frequency. The anplitude
of admttance tynpanogramreflects a conbi nati on of the suscep-
tance and conduct ance tynpanograns and typically resenbl es the
shape of the tynpanogramw th the |arger nagnitude. Admttance,
however w || al ways be positive because it is a nagnitude quantity.
Not ching of the adm ttance tynpanogramgeneral ly does not occur
unl ess the probe tone i s above m ddl e ear resonance.

(Margolis, Van Canp and WI son 1984)

Anot her classification systemfor simltaneously recorded
suscept ance (B) and conductance (G tynpanograns using a hi gh
frequency probe tone such at 678Hz was devel oped.

(Vanhuyse et al and Van Canp et al)

Probe frequency i s nore advantageous than other immttance

conponents in confirmng the presence of m ddl e ear disease.

Most m ddl e ear pathol ogi es produce an increase in the stiff-
ness of the mddle ear transm ssion system The resultant tynpa-
nogramfrequently shows a reduced peak or flat function. These
tynpanonetric patterns can result fromdifferent mddle tar patho-

| ogi es such as mddl e ear effusion, lateral ossicular fixation.



17

t ynpani ¢ nmenbr ane perforation, tynpanic nenbrane retraction,
and inpacted cerunen. Wen a fiat tynpanogramis recorded,

a tynpanonetric estimate of the volune of air nedial to the
probe may differentiate anong sone of these pathol ogi es.

Vol une generally can be estinmated from acousti c susceptance
(or admttance) at 226Hz and - 400 dapa, or the pressure result-
ing in the mni numadmttance.

(Shanks et al, 1984)

A vol ume estimate of approxinmately 3.5 cnf fromthe 226H
susceptance (B) and admttance (Y) tynpanograns iS consistent
with a perforation. The fact that conbi ned vol une of the ear
canal, m ddl e ear space, antrumand nastoid air cell system
only approxi mates an ideal hard walled cavity is evidenced by
the 678Hz probe tone. In a hard-walled cavity, susceptance
should be three tines greater at 678Hz than at 226Hz, and con-

ductance (G is close to 0 acoustic nmrhos at both frequenci es.

The 678Hz probe tone, however, shows a much nore dramatic
change with a small anount of fluid in the mddle ear space
t han does the 226Hz tone. The 678Hz probe tone tynpanograns
have broad not chi ng, denonstrating the superiority of a high-
frequency probe tone in show ng the effects of increased nass.
Even ia case of otosclerosis tynpanonetric shape is altered nore
at 678Hz than at 226Hz by the increase in nass.

(Shanks et al, 1984)
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In 1984, Wlson at al, reported that the sensitivity at
the refl ex-threshol d neasurenents i s dependent upon the
frequency of the probe-tone etc. The closes the probe fre-
guency is to the resonant frequency of the mddle ear, the
nore sensitive the neasurenent is. Because the normal mddl e
ear resonance is 800 to 1200Hz, a 678Hz probe yields a 5 dB

| ower reflex threshold than does a 226Hz probe.

Tynpanonetry with | owfrequency probe tones provides
useful clinical information for patients with disorders of the
tynpanum the tynpani c menbrane, and the Eustachian Tube. Low
frequency, single conponent tynpanonetry, however is relatively
Insensitive to many |l esions that affect the ossicular chain.

(Lilly 1984)
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METHODOLOGY

The net hodol ogy of the present study is described under
t he fol | owi ng headi ngs:

1) Subjects

2) Instrunmentation

3) Calibration

4) Test environnment and

5) Test procedure.
Subj ect s:

Total |y 15 nornmal hearing subjects (<20 dBHL ANSI, 1969)
wer e selected (8 females and 7 mal es) with age ranging from
16 years to 24 years (Mean age=20 years). None of themhad any
M ddl e ear pat hol ogy.

In addition to above, 6 pathol ogi cal subjects were sel ected.
Two of themhad noderate sensori-neural hearing | oss, three had
m xed hearing | oss (otoacl erosis) and one had conductive hearing

| ess (ot oscl erosis).

| nstrunment ati on:

Z0174 Imm ttance Audi oneter was used for testing the subjects.

Bl ock Di agramof the instrunment is given in Figure-2.
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CONTROLS(SWTCHES) IN Z0174 | MM TTANCE AUDI OVETER AS LABELLED
| N THE BLOCK DI AGRAM

) On

) Frequency (Hz)

) Level (dB)

) (6) (7) (8) - Contra stimuli (indicated by |anps)

0) Ext.Range (Extended Range)
1) 1dB

Level

Frequency

I nterrupter

Fast rise and decay

Lock (locks contra and ipsi stimli)

Frequency select (for I'psi and contra stinuli)
Intensity sel ect

Tone

TDM

)

)

)

)

)

7) lpsi select (indicated by |anp)
)

)

)

)

) Clicks



(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)

(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)

Contra Tone

Sel ect

1 dB

ot i on

Level

Frequency

I nterrupter

Leak

Pressure

(33) (34) (35) - Punp speed (Indicated by |anps)
(32) - 50 daPa/sec
(33) 100 daPa/ sec
(34) 200 daPa/ sec
(35) 400 daPa/ sec

Sel ect punp speed

Al r Rel ease

Ext ended Range

Red |ight bar indicator for position of punp
Manual punp contr ol

Air pressure (+)

Air pressure (-)

Pressure Digital D splay

G adient Dgital D splay

Static conpliance D gital D splay
Om

DPM (D gital Pressure Meter)
Conpl i ance Met er
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(49)

(52)
(53
(55
(56
(57
(58

(61)
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(50) (51) select sensitivity for tynpanonetry
(i ndicated by |anps)

TYMP - to change sensitivity of tynpanogram

(54) sensitivity for reflex

Ref | ex

Power (Instrunent on)

Compl i ance Digital D splay

(59) (60) - Probe Tone Frequency

(58) —226Hz probe tone frequency

(59) - 660Hz or 800Hz Probe tone frequency

(60) - 1000Hz Probe tone frequency

Sel ect probe tone

(62) T & R- Tynmpanonetry and Refl ex

(63)
(64)
(65)
(66)
(67)
(66)
(69)
(70)
(71)
(72)
(73)

ER - (Expended Refl ex)

AVG Aver agi ng

Decay

Print

Auto Start

St op/ Reset

CONT (conti nue)

Er ase

Data Xm t

switch controls the power to the system
Knob used to set zero on nanoneter, wth probe

infreeair.



(74) Slowfast switch (provides danping of the systemto
provi de snooth results)

(80) Ear phone

(81) Head Band

(82) Probe ear sel ect

(83) Red light indicator for right ear probe

(84) Probe switch

(85) Grean light indicator for left ear probe

(86) Probe connection

(87) Probe

(88) Probe-tip

24



25

Cal i bration:

20174 Immttance Audioneter has three elements that require
separate calibration procedure. They are probe-tones, ipsilateral
stimuli and contralateral stinuli.

The calibration data for these are stored in a user-progra-
mmabl e menory whi ch does not require battery or other power in
order toretain the data. The 'Calibrate/Run' switch, in con-
junction with certain front-panel push-buttons, allows re-progra-
mm ng.

At any time, during the calibration of probe-tones, Ipsi
and contral ateral stimuli, pushing the 'Stop/Reset' button wll
cause Z0174 to exit fromthe calibration mode. \hen the calibra-
tionis done, pushing 'Aute-start' wll transfer the new calibra-
tion data into memory. Resetting the 'Calibrate/Run" switch to
run and cl ose the cover of the instrument Z0174, makes it ready
for use again.

The procedure for re-calibrating probe-tone-conpliance as
suggested in the manual is as follows:-
a) Push probe into calibration check cavity using
10nm probe tip.
b) Push air-rel ease
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c) See that conpliance now read 2.0CC + 0.1
d) If it does not, push and hol d probe-tone and
then push "Auto start'. Conpliance will now

read 2.0 CC.

Ensure that, probe and tip are properly seated while calibration.

There are, three probe-tones present in the Z0174 (i.e.
226Hz, 660Hz and 1KHz). They are calibrated as foll ows:

226Hz at 85 dBSPL

660HZ at 79 dBSPL

1KHz at 75 dBSPL

The procedure for calibrating probe-tones as suggested in
the manual is as follows:
a) Place calibrate/run switch in position 'Calibrate'
b) Place the probe with 10 mmtip in the 2CC coupl er of
a precision sound level meter.
c) Push probe-tone button once. This selects probe tone
calibration node. Check reading on sound |evel neter,

i f not correct.

d) Using I psi level buttons, adjust |evel (dBSPL) for the
sel ected probe-tone.

The transducers al so change their characteristics over-tine,
or as a result of rough handling, and hence they may need recali -

bration. Recalibration is mandatory if any one of the transducers
I s changed.
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In addition to the calibration cheek cavity, the other
instruments required for calibration are, precision sound
| evel meter with octave filter set and 6 CC and 2 CC coupl ers.

A philips head screw driver is al so needed.

Al calibration checks and calibrati on changes are per-

formed regul arly, before testing the subjects.

Test Envi ronnent:

Test was admnistered in a Sound Treated Room The noi se
| evel in the roomwas neasured using a sound |evel meter (B&K 2209)
with an Cctave Filter Set (B& 1613) and acondenser M crophone

(B&K 4165). The noise levels werewithinthe permssiblelimts.

Test Procedure:

Tynpanonetric values and contra reflex threshol ds were
obtained in both the ears, for all subjects, usingdifferent

probe-tone frequencies (i.e. 226Hz, 660Hz and 1KHz).

Head set was pl aced and adjusted for the size of the head.
Appropriate sized probe-tip was sel ected and placed in the
| ndi cator Ear. Earphone was pl aced properly in the opposite ear.
Probe-switch was selected to 'R ght' or 'Left' accordingly for
probe-ear. The probe-tone 1l (i.e. 226Hz) was sel ected. The dis-

play light indicated t he sel ected probe-tone frequency.
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Air-tight seal was confirnmed. Then automatic tynpanonetry
and refl exonetry was done using a step by step procedure, as

I ndi cat ed bel ow

'T & R (Tynpanogramand Refl ex) was sel ected, when the
button ' Auto-start' was pressed, Z0174 conducted an autonmatic
t ynpanogram at the sel ected punp-speed as indicated i n dapa/ sec.
The val ues of m ddl e ear pressure, gradient, static conpliance
and conpl i ance (PVT) were automatically cal cul ated and di spl ayed

by Z0174. These val ues were noted down.

Contra stimuli were selected for acoustic reflex threshold
nmeasurenents. After conducting the tynpanogram 20174 autonati -
cally sought for the acoustic reflex threshold for 500Hz contra-
stinmulus beginning at 70 dB level. Stimulus |evel got incre-
mented autonmatically in 10dB steps until a reflex waa detected
(20%of full scale deflection).or till maxi mumstinulus |evel
reached. The 'CONT' -inue button waa pressed to sel ect the next
frequency that is 1 KHz centra-stimulus and to obtain the reflex
autonatically. Thus contra reflex threshol ds were obtained for

500Hz, 1KHz, 2KHz and 4KHz stimuli by pressing the ' CONTi nue

Next, the probe-tone-2 (i.e.660Hz) was sel ected and t he sane
procedure was enpl oyed to obtain tynpanonetric val ues and contra

reflex thresholds. Finally, the probe-tone-3(i.e. 1KHz) was
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sel ected and t he same procedure was enpl oyed to obtain tynpano-
metric values and contra reflex thresholds. The results were

not ed down.

The other ear was al so tested in the same manner and t he

results were recorded in a simlar fashion
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RESULTS AND DI SQUSSI ON

Means and St andar d Devi ati ons for G adi ent, Static Canpl i ance

Conpl i ance PVT), M ddl e Ear Pressure and Contra Refl ex Threshol d
Val ues were found out using appropriate statistical procedures
and they are displayed in the follow ng tables, significances
bet ween the mean val ues for the different probe-tone frequencies
(i.e. 226Hz, 660Hz and 1KHz) were found out. The follow ng

results were obtained in case of normal subjects.

1) There was significant difference between static conpli -
ance val ues obtained using 226Hz and 660Hz (P<0.01) and 226Hz
and | KHz ( P< 0.05) probe-tone frequencies (Wen the probe was
in the right ear).

There was significant difference between static conpliance
val ues obtai ned using 226Hz and 660Hz (P<0.01) and 226Hz and
1KHz (P<0.01) probe-tone frequencies (when the probe was in the

left ear).

2) There was significant difference between conpliance (PVT)
val ues obtai ned using 226Hz and 660Hz (P<0.01) 660Hz and 1KHz
(P<0.01) and 226Hz and 1KHz (P<0.01) probe tone frequencies.

3) There was significant difference between m ddl e ear
pressure val ues obtained using 226Hz and 660Hz (P<0.02) and
226Hz and 1 KHz (P<0.01) probe tone frequencies (when the probe

waa in the right ear).
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There was significant difference between m ddl e ear pressure
val ues obt ai ned usi ng 226Hz and 660Hz ( P<0.01) and 226Hz and
1KHz (p <0.01) probe tone frequencies (when the probe was in the

| eft ear).

4) There was significant difference between gradi ent val ues

obt ai ned usi ng 660Hz and 1 KHz ( P<0. 01) probe-tone frequencies.

5) There was significant difference between contra reflex
t hreshol d val ues obt ai ned usi ng 226Hz and 660Hz ( P<0. 01), 660Hz
and 1KHz (P<0.01) and 226 Hz and 1 KHz (P<0.01) probe tone

f requenci es.

Tables 1 and 2 show the gradi ent val ues obt ai ned using 226Hz,
660Hz and 1KHz probe-tone frequenci es when t he probe was in the
right and left ears respectively. Mean gradi ent val ues and

standard devi ations are al so given in the tabl es.

Tables 3 and 4 showthe Static Conpliance Val ues obtai ned
usi ng 226Hz, 660Hz and 1KHz probe-tone frequenci es Wien t he probe
was inthe right and left ears respectively. Man Static Com
pl i ance val ues aad Standard Devi ations are al so given in the

t abl es.

Tables 5 and 6 showt he conpliance (PVT) val ues obtai ned
using 226Hz, 660Hz and 1KHz probe tone frequenci es Wen t he probe
was inthe right and left ears respectively. Mean Conpliance

val ues and Standard Deviations are also given in the tables.
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Tables 7 end 8 show the M ddl e Ear Pressure val ues obtai ned
using 226Hz, 660Hz and 1KHz probe tone frequenci es when t he probe
was intheright and left ears respectively. Mean M ddl e ear
pressure val ues and standard Devi ations are also given in the

t abl es.

Means and Standard Deviations for Gradient, Static Conpliance,
Conpl i ance (PVT) and M ddl e Ear Pressure ar edi spl ayedseparatelyin
t he Tabl es 9and 10.

Tabl es 11 and 12 dhowt he Contra Reflex Threshol ds for 500Hs,
1KHz, 2KHz and 4 KHz stinmuli obtained using 226Hz probe tone
frequency when the probewas intheright and | eft ears respectively
Mean Contra Refl ex Threshol d val ues and Standard Devi ations are

al so given the tabl es.

Tabl es 13 and 14 showthe Contra Refl ex Threshol ds for 500Hz,
1KHz, 2KHz and 4KHz stimuli obtained using 660Hz probe tone fre-
guency when t he probe was in the right and left ears respectively.
Mean Centra Refl ex Threshol d val ues and standard Devi ations are

also given is the tabl es.

Tabl es 15 and 16 showthe Contra Refl ex Threshol ds for 500Hz,
1KHz, 2KHz and 4KHz stinmuli obtai ned using 1KHz probe tone fre-
guency when the probe was in the right and | eft ears respectively.
Mean Contra Refl ex Threshol d val ues and Standard Devi ations are

al so given in the tabl es.
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Means and Standard Devi ati ons for Contra Refl ex Threshol ds
are displayed separately |l a the Tabl e-17.

I n case of subjects with noderate sansori-neural hearing
| oss, there was significant difference between conpliance (PVT)
val ues obt ai ned using 226Hz and 660Hz ( P<0.01), 660Hz and 1KHz
(P<0.01) and 226Hz and 1KHz (P<0.01) probe tone frequenci es.
Al so there was significant difference between Contra Refl ex
Threshol d val ues obt ai ned usi ng 226Hz and 660Hz (P<0.01). 660H
and 1KHz (p(0.01) and 226Hz and 1KHz (P<0.01) probe tone fre-

guenci es.

In case of subjects with Gtosclerosis, there was significant
di f ference between conpliance (PVT) val ues obtai ned usi ng 226Hz
and 660Hz ( P<0.01), 660Hz and 1KHz (P<0.01) and 226Hz and 1KHz
(P<0.01) probe tone frequencies. Al so Static Conpliance val ues
I ncreased progressively from | owfrequency probe tone (i.e. 226Hz)

to high frequency probe tone (i.e. 1KHz).

I n ot herwords, the type of tynpanogram obtai ned using 226Hz
probe tone frequency was different fromthe type of tynpanogram
obt ai ned usi ng 1KHz probe tone frequency. For exanple, 2 subjects
with Qosclerosis exhibited. As type tynpanogram Wen tested
usi ng 226Hz probe tone frequency. The sane subjects showed B type

t ynpanogramwhen tested usi ng 660Hz and 1KHz probe t one frequencies
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Further, other two subjects with Gtosclerosis exhibited. As
t ype tynpanogramwhen tested usi ng 226Hz and 660Hz probe tone fre-
guencies. The same subjects showed. A type tynpanogram when

tested using 1KHz probe tone frequency.

The present study showed that | ow frequency probe tone (i.e.
226Hz) provides useful clinical information in diagnosis of O o-
sclerosis. Confusion may arise when hi gh frequency probe tones(i.e
660Hz and 1KHz) are used. This finding supports the view of Jerger
and Northern (1979) Wo stated that when hi gher probe tone frequen-
cies(i.e. 660Hz and 800Hz) are used, the clinician nust be pre-

pared to see a greater percentage of fal se positive cases.

H gher reflex threshol ds and hi gher conpliance (PVT) val ues
are obtai ned when the probe tone frequencies are 660Hz and 1KHz in
normal s and SB | oss subjects. However, high frequency probe tones
are nore sensitive to a few specific | esions such as ear drum pat ho.

|l ogy and a few abnornalities associated with Gssicular chain.

The present finding is in agreement with the study done by
Margolis, Van Canp, WIlson and Greten (1985) who reported that the
shape of the tynpanogram changes progressively fromlow frequency

probe tones to hi gh frequency probe-tones.
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Table-1 Gradient values obtained using 226Hz, 660Hz and 1KHz
probe-tone frequencies when the probe was in the

right ear (in normals)

226Hz probe tone 660Hz probe tone IKHz probe tone
frequency frequency frequency
.55 .62 .39
71 .72 .60
.61 .60 .58
.53 .62 .58
.50 .50 .50
.0l .70 .61
.75 .66 .70
.46 .40 .40
.52 .57 .58
.46 .50 .54
.46 .42 A2
.55 .63 .55
-8 .45 .46
.62 .63 .50
.30 .76 .58
Mean - 0.558 Mean - 0.585 Mean - 0.532
Sbon = 0.113 Sbodn = 0.106 Sbon = 0.084
Shon-1=0.117 SDon-1=0.109 Sbon-1=0.086
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Table-2 Gradient values obtained using 226Hz, 660Hz and 1KHz

probe tone frequencies when the probe was in the

left ear

(in normals)

226HZ probe tone

660Hz probe tone

1KHz probe tone

frequency frequency frequency
.62 75 .44
.76 .63 .08
.60 73 .58
.71 .57 .55
.67 .62 .62
.72 .76 .59
.62 .72 .70
.46 .51 .54
.57 .69 .59
.62 .70 .62
.50 .58 .54
.60 .55 .55
.63 .73 .46
.60 .66 .50
.55 .75 .58
Mean =0.606 Mean = 0.644 Mean = 0.594
Sbon=0.096 Shon =0.106 Shon =0.074

Shon-1=0.099

Shon-1 = 0.109

Shon-1=0.076
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Table-3 static Compliance Values obtained using 226Hz, 660Hz and
1 KHz probe-tone frequencies when the probe was im the

right ear (in normals)

226Hz probe tone 660Hz probe tone 1 KHz probe tone
frequency frequency frequency
0.83
0.67 0.54

2.92 2.42 1.67
0.75 0.63 0.58
0.71 0.67 0.79
0.75 0.67 0.67
0.75 0.71 0.75
0.67 0.63 0.71
0.54 0.42 0.63
0.96 0.88 0.79
0.63 0.50 0.54
0.63 0.50 0.50
0.30 0.33 0.38
0.58 0.46 0.63
0.54 0.33 0.42
0.42 0.33 0.50

Mean = 0.804 Mean = 0.676 Mean = 0.673

Sbon = 0.583 Sbon = 0.491 Sbon = 0.292

Shon-1=0.604 Shon-1=0.508 Shon-1=0.303
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Table-4 Static Compliance values obtained using 226H7Z,

660Hz and 1KHz probe tone frequencies when the

probe was in left ear (in normals)

226Hz probe tone

660Hz probe tone

1KHz probe tone

frequency frequency frequency
1.21 1.00 0.67
2.96 2.04 1.71
0.83 0.63 0.58
1.6 0.88 0.83
0.73 0.67 0.88
1.04 1.04 0.71
0.67 0.58 0.71
0.54 0.33 0.46
1.17 0.79 0.71
0.88 0.83 0.67
0.67 0.50 0.46
0.42 0.38 0.38
0.92 0.92 1.08
0.63 0.38 1.33
0.68 0.50 0.67
Mean = 0.968 Mean = 0.764 Mean = 0.723
Sbon = 0.606 Sbon = 0.407 Sbon = 0.324
Shon-1=0.627 Sho n-1 = 0.421 SDo n-1 = 0.335
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Table-5 Compliance (PVT) values obtained using 226Hz, 660Hz
and 1KHz probe-tone frequencies when the probe was

in the right ear (in normals)

226Hz probe tone 660Hz probe tone 1KHz probe tone
frequency frequency frequency
1.6 1.8 2.5
2.1 2.1 2.9
1.6 1.8 2.4
2.2 2.2 2.5
1.7 1.8 2.4
1.3 1.6 2.4
1.6 1.7 2.2
1.8 2.1 2.7
1.6 2.1 2.9
1.6 1.9 2.6
1.5 1.8 2.5
0.3 0.6 1.4
0.6 1.0 1.6
0.4 0.7 1.4
0.5 0.8 1.5
Mean = 1.36 Mean = 1.60 Mean = 2.26
Shon = 0.590 Sbon = 0.527 SDhon = 0.507
SDon-1=0.611 SDo n-1 = 0.546 SDo n-1 = 0.524




Table-6 Compliance (PVT)

values obtained using 226Hz, 660Hz

and 1KHz probe tone frequencies when the probe wam

la left ear

(in normals)
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226Hz probe tone

660Hz probe tone

1KHz probe tone

frequency frequency frequency

1.9 2.1 2.6
1.7 1.8 2.8
1.6 1.7 2.2
2.2 2.4 2.5
1.6 1.9 2.3
1.2 1.6 2.4
1.6 1.8 2.4
1.7 1.8 2.4
1.6 2.1 2.7
1.6 1.8 2.7
1.4 1.7 2.4
0.4 0.8 2.4
0.8 1.0 1.8
0.7 0.9 1.5
0.4 0.8 1.4

Mean = 1.36 Mean = 1.61 Mean = 2.23

Sbon = 0.525 Shon = 0.485 SDhon = 0.461

Shon-1=0.543 SDho n-1 = 0.502 Shon-1= 0.477
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Tabl e-7 M ddl e Bar pressure val ues obtai ned using 226Hz,

660Hz and 1KHz probe-tone frequenci es Whan t he

probe warn in the right ear (in nornals)

226Hz probe tone

660Hz probe tone

1KHz probe tone

f r equency f requency f requency
- 60 - 45 -
- 35 - 20 . 5
- 45 - 20 - 20
- 35 - 35 - 35
- 55 - 60 - 13
+ 10 + 10 + 15
+ 10 0 + 10
- 25 - 10 - 15
- 50 - 10 0
- 50 - 5 - 5
- 10 - 0
- 10 + 5 + 5
- 95 - 95 - 90
+ 20 + 30 + 35
- 10 + 5 + 5
Mean = - 29.3 Mean=- 17. 6 Mean = - 10. 66
S = 32.327 S = 31211 S = 29.336
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Tabl e-8 M ddl e Ear pressure val ues obtai ned using 226Hz,

660Hz and 1 KHz probe tone frequenci es when the

probe was in |left ear

(in normnal s)

226 Hz probe tone

660Hz pr obe tone

1KHz probe tone

f requency f requency f r equency
-20 -5 -15
-35 -15 +15
-35 -10 -10
-25 -5 - 5
- 20 -15 -15
+ 5 +10 +25
+15 +20 +15
- 035 - 5 +15
- 045 -25 -15
0 +10 +25
+ 5 +15 +15
-15 -5 +10
- 90 -80 -70
0 +45 +40
* o 0 0
Mean -21. 33 Mean -4.33 Mean +2.0
SD 27.723 SD 32. 334 SD 25. 972
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Table-11 Contra Reflex Thresholds for 500Hz, 1KHz,

45

2KHz and 4KHz

stimuli, obtained using 226Hz probe-tone frequency when

the probe was in right ear

(in normals)

500Hz stimulus 1KHz stimulus  2KHz stimulus 4KHz stimulus
90 90 90 100
90 90 90 80
90 90 80 80
100 90 90 NR
90 90 90 90
100 100 100 100
90 80 90 80
90 90 90 80
90 90 90 80
90 100 90 115
100 100 90 95
90 90 100 90
90 90 90 80
80 90 80 90
100 90 90 90
Mean =92 dB Mean =91.33 dB Mean 90 dB Mean = 89.28 dB
Shon =5.416 Shon = 4.988 = 5.163 Sbon = 10.151

SDhon-1=5.606

SDhon-1 =5.163

SDhon-1

5.345 Sbhon-1 =

10.535



Table-12 Centra Reflex Thresholds for 500HzZ,

stimuli,

the probe was in left ear

1KHz,
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2KHz and 4KHz

obtained using 226Hz probe-tone frequency when

(in normals)

500Hz stimulus

1KHz stimulus

2KHz stimulus

4KHz stimulus

90

80

80

80

90

100

90

90

100

90

90

90

90

90

95

Mean = 89.66dB
sbon =

5.906

Sbon-1=  6.113

90

100

90

88

90

100

90

90

90

90

95
90

90

90

100
Mean =91.66dB
Shon = 5.055

SDon-1= 5.232

90

100
80

90
90
90

90

90

100

90

90
90
80
80
90
Mean =89.33dB
Sbhon =5.734

SDhon-1=5.936

100

90

90

80

110

90

90

90

NR

100

90

100

90

100

90

Mean =93.57dB
Sbon = 7.170

Sbhon-1= 7.449
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Table-13 Contra Reflex Thresholds for 500Hz, 1KHz, 2KHz and
4KHz stimuli, obtained using 660Hz probe-tone fre-

quency when the probe was in right ear (in normals)

500Hz stimulus 1KHz stimulus 2KHz stimulus 4 KHz stimulus

100 100 100 100

100 100 100 90

100 100 90 90

100 110 110 NR

110 110 100 110

110 110 110 NR

100 100 100 90

100 100 100 100

100 100 100 110

100 100 110 NR

110 110 115 100

110 110 100 115

100 100 100 90

90 90 90 110

110 110 NR NR
Mean =102.66dB Mean =103.66dB | Mean =101.78dB Mean =100.45dB
Sbon = 5.734 Sbon = 6.446 Sbon = 6.971 Sbon = 9.158
SDhon-1= 5.936 Sbhon-1= 6.672 Shon-1= 7.234 Shon-1= 9.605
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Table-14 Contra Reflex Thresholds for 500Hz%, 1KHz, 2KHz and
4 KHz stimuli, obtained using 660Hz probe-tone fre-

queacy When the probewas in left ear (innormals)

500Hz stimulus 1KHz stimulus 2KHz stimulus AKHz stimulus

100 100 110 110

90 100 100 100

100 100 90 90

100 100 90 30

100 100 90 110

100 100 100 NR

110 110 100 100

105 105 105 115

110 110 120 NR

100 110 120 NR

100 100 100 100

100 100 100 NR

100 100 100 100

100 100 100 NR

100 110 NR NR
Mean =101dB Mean =103.66dB Mean =101.78dB Mean =100.55dB
Shon =4.546 Sbon = 4.642 Sbon = 9.182 Sbon = 10.122
SDon-1=4.705 Shon-1= 4.805 Shon-1= 9.528 SDhon-1= 10.736
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Table-15 Centra Reflex Thresholds for 500Hz, 1KHz, 2KHz and 4 KHz
stimuli, obtained using 1KHz probe-tone frequency When

the probe was in right ear (in normals)

500Hz stimulus 1KHz stimulus 2KHz stimulus 4KHz stimulus

110 100 100 100

110 110 110 100

100 100 90 90

110 110 110 NR

110 120 110 110

110 115 NR NR

100 100 100 100

110 100 110 110

100 100 110 NR

100 100 110 NR

115 120 120 115

110 110 110 120

110 100 100 120

100 90 90 NR

110 110 NR NR
Mean =107dB Mean =105.66dB | Mean =105.38dB | Mean =108.33dB
Shon =5.099 Sbon = 8.339 Shon = 8.426 Sbhon = 9.428
Sbon-1=5.277 | Shon-1 = 8.632 Sbon-1 = 8.770 Sbhon-1=10.00
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Table-16 Centra Reflex Thresholds for 500Hz, 1KHz, 2KHz and 4KHz
stimuli, obtained using 1KHz probe-tone frequency When

the probe was in left ear (in normals)

500Hz stimulus 1KHz stimulus 2KHz stimulus 4KHz stimulus

110 110 110 NR

110 110 110 100

100 100 90 90

110 110 100 110

110 110 100 NR

110 110 115 NR

110 110 100 100

110 110 110 120

110 110 NR NR

110 110 120 NR

110 110 105 110

110 110 100 NR

110 110 110 120

110 110 110 NR

110 110 NR NR
Mean =109.33dB | Mean =109.33dB | Meam =106.15dB Mean =107.14dB
Sbhon = 2.494 Shon = 2.494 Sbon = 7.634 Sbon = 10.301
SDhon-1 = 2.581 SDhon-1 = 2.581 SDhon-1 = 7.946 SDhon-1 =11.126
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SUMVARY AND CONCLUSI ONS

Al mof the study was to establish normative data for the
different probe-tone frequencies (i.e. 226Hz, 660Hz and 1KHz).
Study was carried out on nornmal. as well as on few pat hol ogi cal
subj ect s, Hence, conparison between nornmal s and clinical

popul ation was possi bl e.

Total ly 15 normal hearing subjects ( < 20dBHL, ANSI 1969)
were selected (8 females and 7 nmal es) with age ranging from16
years to 24 years (Mean age-20 years). None of themhad any
m ddl e ear pathol ogy, further, 6 pathol ogi cal subjects were
selected. Two of themhad noderate sensori-neural hearing | oss,
t hree had m xed hearing |l oss (Qoscleroals) and one had conduc-

tive hearing | oss (G osclerosis).

Z0174 Imm ttance Audi oneter was calibrated and used for
testing the subjects. The testing was done in a sound treated

room

Data were obtai ned and anal ysed using appropriate statistica
procedures. Means and Standard Devi ati ons wer e obtained. Signi-
ficant differences between t he nean val ues for the different
probe-tone frequencies were found out. The followng results
wer e obtained in normal subjects.

1) There was significant difference between Stati c Conpliance val ues
obt ai ned usi ng 226Hz and 660Hz ( P<0.01) and 226Hz and 1KHz ( P<O0. 05

probe-tone frequencies (when the probe was in the right ear).
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There was significant difference between Static Conpliance
val ues obt ai ned using 226Hz and 660Hz (P<0.01) and 226Hz and
1KHz (P<0.01) probe-tone frequencies (when the probe was in the

| eft ear).

2) There was significant difference between Conpliance (PVT)
val ues obtai ned using 226 Hz and 660Hz ( P<0.01) 660Hz and 1 KHz
(P<(0.01) and 226Hz and 1KHz ( P<0. 01) probe-tone frequencies.

3) There was significant difference between m ddl e ear pressure
val ues obt ai ned usi ng 226Hz and 660Hz ( P<0.02) and 226Hz aad
1KHz (P<0.01) probe tone frequencies (when the probe was in the
right ear).

There was significant difference between m ddl e ear pressure
val ues obtai ned using 226Hz and 660Hz (P<0.01) and 226Hz and
1KHz (P<(0.01) probe tone frequencies (when the probe was in the

left ear).

4) There was significant difference betwen G adi ent val ues obt ai ned

usi ng 660Hz and 1KHz (P<0.01) probe tone frequencies.

5) There was significant difference between contra reflex threshold
val ues obt ai ned using 226Hz and 660Hz (P<0.01) 660Hz and 1KHz
(P<0.01) and 226Hz and 1KHz ( P<0.01) probe tone frequencies.
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I n case of subjects with noderate sensori-neural hearing
| oss, there was significant difference between Conpliance (PVT)
val ues obtai ned usi ng 226Hz and 660Hz ( P<0. 01) 660Hz and 1KHz
(P<0.01) and 226Hz and 1KHz and | KHz (P<0.01) probe tone
frequencies. Al so therewas significant difference between
centra refl ex threshol d val ues obt ai ned usi ng 226Hz and 660Hz
(P<0.01) 660Hz and 1KHz (P<0.01) and 226Hz and 1KHz ( P<0.01)

pr obe tone frequenci es.

I n case of subjects with Qtosclerosis, there was significant
di fference between conpliance (PVT) val ues obtai ned usi ng 226Hz
and 660Hz ( P<0.01), 660Hz and 1KHz (P<0.01) and 226Hz and 1KHz
(P <(0.01) probe tone frequencies. Al so Static (Gonpliance val ues
I ncreased progressively fromlow frequency probe tone (i.e.226Hz)

to high frequency probe tone (i.e. 1KHz).

I n ot herwords, the type of tynpanogram obtai ned usi ng 226Hz
probe tone frequency was different fromthe type of tynpanogram
obt ai ned usi ng 1KHz probe tone frequency. For exanple, 2 subjects
with Gtosclerosis exhibited, As type tynpanogramwhen tested using
226Hz probe t one frequency, The sane subjects showed B type

t ynpanogr am when tested usi ng 660Hz and 1KHz probe t one frequencies,

Further, other two subjects with Gosclerosis exhibited As type
t ynpanogr amwhen tested usi ng 226Hz and 660Hz probe tone frequenci es
The same subj ects showed, A type tynpanogram Wen tested using 1KHz

probe t one frequency.
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Fromthe above results, the follow ng concl usions can be

dr awn.

1. Static Conpliance, Mddle Bar Pressure, G adient, Conpliance
(PVT) and Contra Reflex Threshold Val ues are influenced by the
di fferent probe-tone frequencies (i.e. 226Hz, 660Hz and 1KHz).

2. Probe tone frequency has an effect on | npedance Audionetric

Measurenent in normals as well as Cinical population

3, Lowfrequency probe-tone (226Hz) provides useful clinica
information in terns of diagnosis of nmany pathol ogical condit-
ions of the mddle ear. However, high frequency probe-tones are
more sensitive to a few specific lesions that affect ossicular

chain and ear-drum pat hol ogy.



Bl BLI OGRAPHY

Al berti, P and Jerger, J: Probe tone frequency and t he di agno-
stgi c val ue of tynpanonetry. Arch. Ot ol aryngol . 99: 206,
1974,

-Cannon, S, smth, Ket al:
A normative study. Asha 16: 564, 1974.

Colletti, V: 9MJ| tifrequency Tynpanonetry. Audi ol ogy 16: 278-287,
1977.

Col letti, V: Methodol ogi c observations on tynpanonetry wth
regard to t he probe-tone frequency. Acta.Qo-Lar. 80:
54-60, 1975.

Calletti, V:' T
Yol

J anonetry from200 to 2000Hz probe t one.
Audi

ogy 15, 106- 119, 1976.

Fel dman,

A.S and Wl ber, L.A Acoustic |npedance and Admttance
t he neasurenent of m ddl e-ear function. Baltinore,
WIllians and W1 ki ns Co., 1976.

Jerger, J:. dinical experience wth | npedance Audi onetry. Arch.
Q ol aryngol . 92: 311- 324, 1970.

Jerger, J and Northern, J.L: Qinical |npedance Audionetry.
Massachusetts, American E ectronics Corporation,
2nd Edn. 1980.

Keith, R

| npedance Audi onetry wi t h Neonates. Arch. ol aryngol .
97: 464, 1973.

Keith, R Mddl e ear function in Neonates. Arch. ol aryngol .
101: 376, 1975.

Liden, G Bjorkman, G and Peterson, J:. dinical equipnent for

measur enent of m ddl e ear refl exes and tynpanonetry.
J.S.H D 37:100, 1972.

M ddl e ear neasurenents i n neonat es:

56

Liden, G Harford, E, and Hallen, o: Tynpanonetry for the di agnosis

of ossicul ar disruption. Arch. Golaryngol. 99: 23,
1974a.

Liden, G Harford, E, and Hallen, O Autontic tynpanonetry in
clinical practice. Audiology. 13:126, 1974b.
Lilly, DJ: Measurenent of acoustic inpedance of thetynpanic

menbrane. Pp 345-406, inJ.Jerger, Mbdern devel opnents
I n Audi ol ogy Edn. 2, Academ c Press, New York.



o5/

Margolis, RH Tynpanonetry in infants: state of the art. In
Harford, E R et al (Edn): |npedance screening
for mddle ear disease in children. New York,
G une and Stratton, 1978.

Margolis, R and Shanks, J: Tynpanonetry in J. Kat z, Handbook
of clinical audiology, Edn.3, WIlians and WI ki ns,
Baltinmore (in press).

Margolis, RH Van Canp, KL, Wlson, RMand Getan, WL: Milti-

frequency t anonetry in nornmal ears, Audiolo
24;q44- 5%, %g%S Y &

Mol ler, A An experinental study of the acoustic inpedance of the

m ddl e ear and its transm ssion gr operties. Acta.
Q ol aryngol . (St ockh) 60: 129, 1965.

Shanks, J. E: Tynpanonetry. Ear.Hear, 5:268-280, 1984.

Shanks, J.E and Lilly, DJ; An evaluation of tynpanonetric esti-
mat es of ear canal volune. J.S HR 24:557-506,
1981.

Terki I dsen, K and Thonson, K= The influence of pressure variations
on t he i npedance of the human ear drum J.Lar.Qol.
73: 409- 418, 1959.

Terkil dson, K and Scott-Neilsen, S: An el ectro-acoustic inpedance

nmeasur enment bridge for clinical use. Arch. ol aryngol
72: 330- 346, 1960.

Van de Heyning, P.H Van Canp, K. J, Cretan, WI, and Vanpeperstr aere,
P.M I ncudo-stapedial joint pathol ogy: A tynpanonetri
approach, J.SS HR 25:611-618, 1982.

Van Canp,JK J: Creten, WL, Van de Heyning et al: A search for the
most suitable i mnmmttance conmponents and probe tone
frequency in tynmpanonetry. scand. Audiol.12:27- 34, 1983

Vanhuyse, V.J, Gretan, WL and Van Canp, K J: On the Wnot chi ng of
t ynpanogr ans. Scand. Audi ol . 4: 45-50, 1975.

WIlson, R Factors influencing the acoustic immttance characteri -
stics of the acoustic reflex. J.S HR 22:480-499, 1979

Zw sl ocki, J: Analysis of the mddle ear function. Part-I-1oput
| npedance, J. Acoust. soc. Am 34: 1514- 1523, 1962.

Zwi sl ocki, J: Sone i npedance neasurenents on nornal s and pat hol o-
gical ears, J.Acoust.soc. Am 29, 1312-1317.





