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| NTRDLCT ON

". . . .\¢ frankly wonder how we
ever got along without it
(1 npedance audi onetry)"

Janes Jerger, 1970

The above statenment reflects the value of Inpedance

audi onmetry as a diagnostic tool in clinical andiology.

The concept of Inpedance was introduced in 1914 (Wbster,
1919). Its application to clinical audiology becane evident
fromthe day Metz (1946) published his classic nonograph -
"The Acoustic |npedance Measured on Normal and Pathol ogica
Ears".  The devel opnent of |npedance audionetry during the
past decade has added new scope and dinension to clinical

audi ol ogy.  Acoustic inpedance at the tynpanic nenbrane is
o not just another audiological test" == It constitutes
o a whole newfield of investigation with an inherent

new met hodol ogy". (2w sl ocki, 1965). The newclinica

t echni que invol ves wel | devel oped concepts, standardized
termnol ogy (ANSI, 1960) and easy mathenatical procedures

(Ketz, Lilly, 1972).

| npedance audionetry is an objective nethod of assessing
the function of the mddle ear and it does not require

co-operation on the part of the patient.



Wth respect to mddle ear pathol ogies, the diagnostic
information fromacoustic inpedance measurenents goes
consi derably beyond that which can be derived from otoscopic
exam nation and audionetric tests. (J.J. Zw sl ocki and
A S. Feldman, 1970).

The otoscopic examnation is limted to directly visible
anat om cal changes and to a quantitative evaluation of the
tynpani ¢ menbrane mobility at anplitudes that far exceed the
normal physiol ogical range. It gives inconclusive results
inall cases of conductive hearing | oss, except those that
are associated wth gross changes in the eardrum anatony
position or mobility. Qosclerosis, ossicular interruptions,
and even massi ve adhesions to the large ossicles usually
remai n undetected. (J.J. Zwislocki and A. S. Fel dman, 1970).

Fromthe audionetric examnation, nalfunctionin the
conductive nmechanismis inferred, typically fromdiscrepancy
bet ween, the thresholds for air and bone conducted sounds,
ai r-bone gap. Diagnosis is limted to only conductive hearing
| oss on one hand and sensory neural |oss on the other. At
best, this inferential approach provides only gross information
as to the cause of a hearing loss, and it provides little
information as to the specific nature of the problem

The limtations of visual inspection and of pure tone



tests often |l eave the mddle ear shrouded in a veil of
di agnostic mystery. Zwi sl ocki (1968.

Recent acoustic research enploying inproved instrunentation
and rigorous analysis has led to a rather detailed understandi ng
of the normal and pathol ogical mddle ear function, and to a

new di agnosti ¢ nmet hodol ogy. (Zwi sl ocki, 1968).

Currently, acoustic inpedance neasurenents constitute the
only neans of direct examnation of the mddle ear function.
They are perfornmed at physiol ogical vibration anplitudes and,
therefore, give a direct estimate of the efficiency of sound
transm ssion. Except in acoustic reflex tests, the sensori-

neural part of the auditory systemis not involved.

The acoustic nethod is based on a partial reflection of source
depends not only on the state of the tynpani c nenbrane but
also on that of the mddle ear conponents and cochl ea.
Through acoustic neasurenments on normal and pathol ogi cal ears
and with the hel p of anatony and acoustic theory, it is
possi bl e to analyze the mddle ear function in detail and to
correlate the acoustic changes neasured at the tynpanic
menbrane to mddl e ear pathol ogies. In a way inpedance
audionetry hel ps to | ook acoustically beyond the tynpanic
menbrane and it tells about the sound transmtting

characteristics of the nmddle ear.



As early as 1946 Metz denonstrated that inpedance

measurements could be used to diagnose accurately the

presence of mddl e ear disease.  Still inpedance audionetry

did not develop as a clinical tool for several reasons.

oy

(1)

Accurate neasurenents of jnpedance at the
pl ane of the tynpanic nenbrane and

meani ngf ul preSentation of the data.

I nvol ved procedures, concepts, term nol ogy
and quantitative methods that were not
famliar to audiologists and to

ot ol aryngol ogi st s;

Measurenents of inpedance at the plane of
the tynpani c_ nmenbrane with any acoustic
|nPedance bridge are tine conSum ng.

Wth the Metz bridge, additional time was
required to convert the rawdata to
standard notation;

Measurenments of static inpedance at the
pl ane_of the tynpanic nenbrane are
especially valuable in differential

di agnosi s’ of clinical otosclerosis from
intérruption of the ossicular chain.

| n 1946, however, this type of diagnosis
was of mnor inportance Since the

otol ogist did not have access to nany of
the operative techniques that currently
are used in stapes surgery and in
reconstructive surgery of "the mddle

ear, ]V

An acoustic inpedance instrunent de3|%ned
and calibrated to read i mpedance at the
pl ane of the tynpanic menpbrane (in

absol ute physical units) is nore
difficult to construct.... . ... .

Finally as a corallary,

An instrument for the neasurenents of
| npedance at the plane of the tynpanic



menbrane was not available commercially.
This final problemwas not solved unti
Zwi sl ocki  (1963) devel oped a stable
acoustic inpedance bridge for clinical
use. (Ketz, Lilly, 19728’

Added to these problens - the fundanental problemis
the discrepancies in the available normative dat a.

Metz' s pioneering work on clinical measurenments of
acoustic inpedance at the ear, and subsequent related
I nvestigations have led to considerabl e discussion
Several controversial questions have arisen and the intensity
of argunments has increased with the nunber of investigations
and conpet i ng cl ai ns,

There appear to be nunerous studies to establish norns
for inpedance neasurements by using both Zw sl ocki's bridge
and el ectro-acoustic inpedance bridge. Still there is
scarcity of normative data and the available results show
di screpancy for both the nethods.

The nagnitude and direction of deviations fromnornal
| npedance indicate the type of mddle ear pathology invol ved.
As recently as 1965, criteria for nornmal inpedance were not
wel | established. Both Zw sl ocki (1963) and Fel dnman (1965)
has published | oosely defined "typical normal" val ues and



Hecker and Kryter (1965) had published range of nornal
val ues which was too vide to help the clinician in diagnosis
of mddl e ear pathol ogy. (Burke, 1970).

K.S. Burke et al (1970) have conpared 3 normative data
publ i shed by Fel dman (1967), Bicknell and Mrgan (1963),
Burke et al (1970) and found variations anong the 3 reported
nor s.

Jerger et al (1972) have conpared 6 normative data, 3
studies using 2w sl ocki bridge and 3 studies using electro-
aeoustic inpedance bridge and have found variations.

Normative data is very inportant for the classification
of ears into normal or abnormal. As has already been
mentioned there are a fewreports of normative data and there
are discrepancies. The classification of the ears into
nornmal and abnornal depends on which normative data was used
for the conparison

Inviewof all these it was decided to study the
| npedance val ues in Indians.

Statenent of the problem

"Measurements of Acoustic |npedance in Indians."



The problemof the present study is to find out whether the
reported acoustic inpedance data agree with the Indians
nornmal as well as pathol ogi cal .

Fromthe studies on inpedance audionetry by Jepsen
(1955), Zwi slocki (1965), Feldman (1967), Liden (1970),
Jerger (1970, 1972), the follow ng predictions can be nade:

1. The static conpliance of the nornmal mddle
war varies uniquely with both age and sex
of the subject.

2. Inthe normal mddle ear, the threshold of
t he acoustic reflex is normaly distributed
around a nmean of approximately 85 dB (I1SO 64)
hearing threshol d | evel.

3. Inthe ear with sensori-neural hearing |oss,
the sensation level of the acoustic reflex
declines in proportion to Increasing hearing
| 0ss.

4. The threshol ds both of hearing and the
atapedi us reflexes vary with the age of the
subject.  The threshold of hearing increases
while that of stapedial reflex decreases
with age.



6. Tynpanograns differ characteristically for
normals, for ears with mddle ear fluid,
and for ears with negative mddle ear
pressure.

The above predictions are the hypotheses for the present
st udy.

In addition the followng predictionis also mad*.

The data on the Indians will not agree with any of the
avai | abl e reported normative inpedance data.

The instrument used in the present study is the electro-
acoustic inpedance bridge Mdel Z070 associated with Madsen
audi omet er . In this study the 3 basic conmponents of the
| npedance audi ometry - tynpanonetry, acoustic inpedance and
acoustic reflex threshold were carried out.

Inthis study a total nunber of 136 subjects (191 ears)
have been tested.  This includes normal as well as
pat hol ogi cal groups.

| nplications of the study

|) The data collected on inpedance measurenents woul d
enable us to use the El ectro-acoustic |npedance Bridge for



differential diagnosis of mddle ear pathology and ot her
clinical entities in Indians.

2) As the present study is not done el sewhere in India,
the data collected can begin a chain of further research
studi es in inpedance neasurenents.

Limtations

1) The sanple of the popul ation on which the present
study has been conducted may not be an adequate representative
of the Indian popul ation.

2) The size of the sanple may not be sufficient to
general conclusions regarding normative data for inpedance
measur ement s.

3) Subjects below5 years and above 50 years could not

be included in this study.

4) As "X-Y plotter" was not available the tynpanograns
have been obtained by manual operation.  The results m ght
have been contam nated by sone human errors, such as, parallax
error and adjustnent error.

5) Due to the non-availability of varieties of cases
this study is restricted to a fewclinical varieties.
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6) In some of the subjects both the ears could not
be tested. In these subjects tynpanonetry and acoustic
| npedance results belong to the test ear and the acoustic
reflex threshold belong to the contral ateral ear.

Definitions

Tynpanonetry: The neasurement concerned wth

artificial pressure changes in the external auditory-neatus
I's termed tynmpanometry. It is a method for sinultaneous
assessnent of the integrity and the functional status of
the tynpanic nmenbrane, the ossiculus chainwithits
|igaments and muscles, the air cushion of the mddle ear
cavity, and the status of the Eustechian tube.  The graph
showi ng the pressure-conpliance relationship of the mddle
ear is called the tynpanogram

Acoustic Conpliance: Acoustic Conpliance is that

conpl i ance which results fromthe vol ume displacenment per
unit pressure. It is neasured in equivalent volunes (CC).
(Beranek, 1967).

Acoustic | npedance: Acoustic Inpedance is the

resi stance offered by an object to sound and it is
measured in units terned acoustic ohns (Manual, Madsen).
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Acoustic Reflex Threshold: Acoustic Reflex Threshold
Is the intensity (in dBs above the threshold of hearing in
the stimulated ear) which is just capable of inducing
reflex contraction of the stapedius nuscle, as induced by
conmpl i ance change in the inpedance of the tynpanic
menbr ane (Jepsen, 1966).

Nor mal Ear: The ear wi t hnoapparent m ddl e ear
abnornmalities revealed either by history or by E N T.
examnation and with the hearing sensitivity for frequency
250 to 8000 Hz bel ow 20 dB (1O 1964).

Test Ear: The ear to which probe tip is fixed.

Contral ateral Ear: The ear to which audionetric
stimulus (pure tone) is presented for measuring acoustic

refl ex threshol d.



CHAPTER 1|

REVI EW OF LI TERATURE

The review of literature concerned with this study is
dealt with mainly in two stages. First, it deals with the
concepts related to i npedance neasurenents. The latter
stage deals with a brief reviewon the three major aspects
of inpedance measurenments: Tynpanometry, Absol ute Acoustic
| npedance and Acoustic-Reflex Threshold, and their
applications in clinical audiology. As the literature
regarding the subject is abundant an exhaustive review coul d
not be acconplished.

Evol ution of Hearing

Hearing is a late devel opment in the evol ution. Its
ancestory can be traced to ostracoderns (ol dest known
animals with back bones) that lived in sea 300 mllion
years ago. Another clue to the origin of hearingis
furni shed by the hag fish. The hag fish has one sem
circular-canal, formed of cartilage - a bal ancing organ
Later fishes developed air bladders - gas-filled sacs inside
their bodies that hel ped themto keep afl oat. Subj ected to
the pressure variations of a sound wave, an air bladder
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contracts and expands continually disturbing the surrounding
fluids contained in the fish's body. The notions of the
fluid then stinulate the sensitive cells present in the
fish's inner ear, and the hearing in the conventional sense
takes place. (Stevens, 1966).

Curiously, really, acute hearing devel oped as animals
began to live in air, a mediumwhich transmts sound
energy less rapidly than water. (Stevens, 1966).

The modification that made hearing in the air possible,
however, was the devel opment of the mddle ear. \Wen the
sound waves through the air nedia directly inpinge on the
rigid menbrane of the inner ear (inside which there is
fluid media) it reflects nost of the sound energy.  This
abrupt change of characteristics is called inpedance m smatch.
The conponents of the mddle ear serves nainly to overcome
this barrier, to match inpedances (Stevens. 1966).

Mechani smof the M ddle Ear

When sound waves strike the tynpanic menbrane, its
vibration depends on the acoustic inpedance resulting from
the nmechani cal properties of the mddle ear and partly of
the inner ear. The nost inportant factors are (2w slocki,



In the figures -

The vertical line at the extreme left of the figure
i ndi cates the surface of the tynpanic menbrane on which
acts the sound pressure P

M, C and R, represent the effective nass,
conpliance and Resistance of the tynpanic nenbrane
respectively.

C, and R, represent the conpliance and the resistance
of the elastic coupling between the tynpanic menbrane and
the ossicul ar chain respectively.

My, C; and R; denote the mass, conpliance and
Resi stance of the malleus and incus and this attachments

respectively.

C, and R, represent the conpliance and resistance

of incudostapedial joint respectively.

M - mass of the shapes and of a short col um of
perilynmph near to the oval w ndow.

G - conpliance of the stapedius nuscle and the

cochl ear wi ndows.
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1962): the conpliance and mass of the tynpanic menbrane,
acoustic inpedance of the mddle ear cavities, the coupling
bet ween the tynpani ¢ nenbrane and the ossicular chain, the
mass of the malleus and i ncus, the conpliance of the

| i gaments and nuscles attached to the ossicles, conpliance
of the incudostapedial joint, the conpliance of the cochlear
wi ndows, and the acoustic inpedance at the entrance to the
cochlea. In all elenents motion is acconplished by
friction. (2Zwislocki, 1963).

Sinplified mechani cal anal og of the mddle ear,
mechani cal analog of the mddle ear with severed incudostape-
dial joint and mechanical anal og of otosclerotic mddle ear
are shown in the figures 1, 2, and 3 respectively.

|f the elements represent actual Mechanica
masses, conpliances and resistances, they have
to be divided by the square of the effecfive
surface area of the eardrumin order to
obtain the acoustic |npedance. Accordlng
to Bekesy the effective area is of the order
of 0.55 Cnf, so that its square amounts to
approximtely 0.3 cnf. (2w slocki, 1963).

The Concept of Acoustic |npedance

Hearside (1886) first used the term"Inpedance" in an
anal ysis of an acoustic network.  The concept of inpedance
cane to acoustics fromelectronics. In electronics it is
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defined as "a conplex ratio of voltage and current at a
gi ven point of a network".

Z=E
I

The above definition applies only to sinusoidal currents
whi ch correspond to pure tones. The ratio is called conplex
because it includes the phase relationship between voltage
and current.  They are said to be in phase when both reach
this maxima and mnima at the same time. \Wen avoltage is
| npressed upon a resistance, it generates a current that is
In the sane phase as the voltage. Here, the voltage-current
ratio is called resistive inpedance (resistance). A
vol tage inpressed upon an inductance (coil) generates
current that devel ops gradually and | ags behind the voltage.
This lag amounts to one-fourth of a cycle, and the inpedance
Is called inductive or a positive reactance. A voltage
| npressed upon a capacitance generates a current that precedes
the voltage by one-fourth of a cycle and the inpedance is
called eapacitive or a negative reaction. Since the current
in an inductance |ags behind the voltage by one-fourth of a
cycle, and the current in a capacitance |eads the voltage by
one-fourth of a cycle, the two currents differ by a half
cycle and are, therefore, is phase opposition. Resistance
I s independent of frequency. The positive reactance of an
I nductance increase in direct proportion to frequency. I n


TCI3
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ease of capacitance the inpedance decreases as the frequency
| ncreases.

Wien a circuit consists of a series connection of
resi stance, inductance and capacitance, its total inpedance
Is equal to the sumof inpedance conponents: Resistance +

positive reactance + negative reactance. The nmagnitude of
| npedance anmounts to

2 fc
wher e
R = resistance
L = inductance
C = capacitance
f = frequency
=3.14

A .G Webster (1918), was probably the first to introduce
the concept of inpedance in to acoustics. He suggested
that the concept of inpedance could be used to sinplify the
anal ysi s of mechanical and acoustical circuits. This
followed with a successful application in the analysis of
electrical circuit behaviour. \Webster wote, "Wenever we
have permanent vibrations of a single given frequency.
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the notion of inpedance is valuable in replacing all the
quantities involved in the reactions of the systemby a
single conpl ex nunber” (Lilly, 1972). Inpedance is a
very useful quantity, for, once it is known, the reactions
of the air on a vibrating systemcan be determ ned.

At this stage, i npedance be defined operationally as the
conplex ratio of aforce |ike quantity (force, voltage, or sound
pressure) to a velocity like quantity (velocity, current or
vol ume velocity). This definition suggests that the concept
of inpedance involves vector quantities. In atwo dimen-
sional plane, two numbers are required to specify conpletely
a vector-quantity such as force.  (ne nunber suggests the
magni tude of the force and the second number denotes the
direction in which the force is acting. This definition
states that inpedance is a conplex ratio of 2 vector quanti-
ties. This means that inpedance is also a vector quantity,
and, therefore two numbers are required to specify
conpletely the inpedance. (Lilly, 1972).

This operational definition does not explicate.
the relation between inpedance and the transm ssion
of electric current, nmechanical vibrations or
sound. Therefore, input inpedance of a given
system or netmork is defined as the "total
oPp05|t|on of fered by that systemto the flow

ener This intuitive detinition suggests
t hat Iess energy flowinto a systen1MAth a hI?h
| nput i npedance’than i one Mﬁt OMIIHPU
| npedance. Stated differently nomAed eo
I nput inpedance of a system tells us hOM/WUC
energy wll flowinto the system it cannot tel

tiv
| nt
nto o
fer
St
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us, hownuch energy will be transmtted through
the system unl ess Wwe know the amount of energy
that will be dissipated or stored within the
system" (Lilly, 1972).

Types of | npedance

| npedance of acoustic systens is specified in four
different ways. The definition for acoustic inpedance
given belowis that of the ASA (Arerican Standards
Associ ation). The specific acoustic inpedance and the
I npedance ratio are those that are nost often made use of
in theoretical acoustics. Mechanical inpedance is used
when one wi shes to m x acoustical |npedances and mechani cal
| npedances (Beranek, 1967).

Acoustic | mmedance (Za)

Acoustic inpedance of a sound nediumon a given
surface lying in awave front is the conplex quotient of
the sound pressure (force/unit area) on that surface
di vided by the flux (volune velocity, or linear velocity
multiplied by the area) through the surface. \When
concentrated rather than distributed, inpedances are
consi dered, the inpedance of a portion of the mediumis
defined by the conplex quotient of the pressure difference
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effective in driving that portion divided by the flux
(volume vel ocity) (Beranek, 1967). As stated, in the
acoustic | npedance sound pressure la related to therate
of vol ume displacenent - also called volunme velocity.
The acoustic inpedance does not require know edge of the
surface area and as a consequence is particularly well
suited for measurenents at the ear.  Synbolically,
acoustic inpedance,

ZA=PIV=R +12fly-1
2f G

As the resistance and reactance canponents of inpedance
cannot be added al gebrically, the magnitude of inpedance
amounts to -

The 3nlt ef aeoastic inpedance ia the acoustic oha.

Machani cal | npedance

Mechani cal inpedance as explained by Zwi sl ocki (1963):

The mechani cal inpedance is defined as the ratio
of a force acting on an object and of the resulting
velocity of motion. It is found that, when the
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motion of the object is opposed by friction,a
sinusoj dal force is in phase with the velocity.
In analo?y,to electronic circuits, we call the
resul tant” i npedance "mechanical resistance".
When the object is heavy (has a certain mass),
an acting force can accelerate it only ,
gradual |y. The resultant velocity |ags behind
the force, and the situation is anal ogous to
that at an inductance. W say that a nmass
produces a positive reactance. \Wen the

nmovi ng ob*ectlls attached to a spring, we deal
with an elastic opposing force whichis,
proportional to the stiffness of the spring
and inversely proportional to its conpliance.
The Ve|OCIt¥ of notion precedes the force in
phase, and the situation i s anal ogous to that
at an electric capacitance. The resultant

I npedance is called negative reactance. Wen
all three inpedance conponents oppose the
motion of the object, the total Inpedance
amounts to

In=Ry+12fM- 1

2f ¢y,

where Ry = mechani cal resistance, M= nass and
Cn =nechani cal conpliance

When the force is due to pressure in a gas
mediumit is often nore convenient to relate
pressure rather than force to the velocity of
nmotion. W then obtajn the specific inpedance.
Such conditions prevail at the eardrum \Wen
the sound pressure in the ear canal is known,
it is sufficient to measure the rate of volunme
di spl acement and the surface area of the ear-
drumto calcul ate the specific inpedance.
First, the rate of volunme displacement is

di vided by the surface area in order to obtain
the average the velocity; the conplex quotient
of sound pressure and average vel ocity produces
the desired inpedance val ue.
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Static Inpedance Measuring Methods

Beranek (1967) has reviewed twel ve basic nethods for
measuring acoustic inpedance under three headings: (I)
surface nethods, (2) transmssion-line nmethods and (3)
conparison methods. At |east eight of these nethods have
been adopted for the measurement of conplex acoustic
| npedance, (a) in a plane through the cavumconchae, (b)
within the external auditory neatus or (c) at the latera
surface of the tynpanic menbrane.

Acoustic and el ectroacoustic bridges come under the
category of comparison methods. Conpari son met hods
require a known standard of acoustic inpedance for conpari-
son with the inpedance to be determ ned.

Valid and reliable data on static inpedance can be
obtained with merely any "acoustic" or "electroacoustic"
| npedance nethod.  Zwi sl ocki (1957a) summarized this point
conci sely when he wote, "considering the difficulties
arising fromthe anatony of the ear, the theoretica
precision of the acoustical nmethod itself beconmes of
secondary inportance."  Zwi slocki discusses 3 problens
that still plague accurate neasurenments of inpedance at the
tynpani ¢ menbrane.  These problems emanate fromdifficulties
wi th:



(1)

precise determnation of Z, (the acoustic
| npedance of the air trapped between the

tip of the probe device and the tynpanic

menbr ane)

a hernetic scal between the probe device
and the external auditory neatus and

met hods for holding the distance and the
azimuth of the probe device constant
relative to the tynpanic nenbrane.

(Lilly 1972).

Acoustic |npedance Bridge Methods

The acoustic inpedance bridge has been the prinary
acoustic systemfor static measurenent of inpedance at the
t ynpani ¢ menbr ane.

Stewart (1926) introduced for the first tine the

acoustic
acoustic

| mpedance bridge nmethod.  Later, refinements of
bri dges have followed fromthe work of Schuster

(1934), Robinson (1937) and Waetzman (1938). (Beranek,
1967; Lilly, 1972).

Schuster (1934) and Robinson (1937) describe the two

acoustic

bridge arrangements shown in figures 4, 5 and 6.
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Waet zman (1938) used a Schuster-type bridge
(Schust erschen Brucke) to measure inpedance at the
tynpani ¢ menbrane in nornmals, and Menzel (1940) used a
simlar bridge for measuring inpedance at the tynpanic
menbrane with three points. Metz, in 1939, constructed a
Schuster-type bridge and began a systematic study of
acoustic inpedance at the tynpanic menbrane in man. A
conplete report of this investigation was published as a
monograph in 1946.  (One section of this nonograph focussed
upon the relation between changes in acoustic inpedance at
the tynpani c nmenbrane and contraction of the mddle ear
muscles.  In another section, Metz showed that nmeasurenent
of changes in inpedance at tynpanic menbrane m ght provide
a quantitative test for Eustachian tube function. Both
of these applications stimulated additional research and
subsequent |y were devel oped as eilnical techniques (Lilly,
1972) .

Inthe Metz's (1946) study the primry enphasis,
however, was on the neasurement of static inpedance at the
tympani ¢ nmenbrane.  Metz denonstrated that inpedance
measurenents coul d be used to diagnose accurately the
presence of mddle ear pathol ogy.

Met z bridge has undergone many nmodifications.  The
modi fied version of the bridge currently in use is
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Zwi sl ocki Acoustic Bridge.

Erect roaequpt *c | “pe”*pnee Bpi d%8

Acoustic bridge techniques in acoustics have not found
w despread use because of the lack of suitable acoustic
standard (Beranek, 1967). Peterson and |hde have adopted
el ectric bridge techniques to acoustics through the sinple
arrangenent shown schematically in the figure 9.

El ectroacoustic inpedance systens have been used for
amjority of the basic studies of static acoustic
| npedance at the input of the normal, human auditory system
The earliest auricular acoustic inpedance neasurenments were
made by tel ephone engineers (Kennehy and Kurokave, 1921).
These investigators were concerned prinarily with the
acoustical |oad provided by human ears to tel ephone trans-
ducers. Data fromtheir experiment and from subsequent
I nvestigations have been valuable in the devel opnent of
acoustic couplers that are used to calibration of audi one-
tric ear phones and hearing aid transducers.  The work of
Troger (1930) usually is considered as the first systematic
I nvestigation of conplex acoustic inpedance at the tynpanic
menbrane.  Subsequent studies )Van Bekesy, 1932, GCeffeken,
1934; nore recently Zw sl ocki, 1957a, 1963; Moller, 1960,
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1961a, Lilly, 1964; Pinto and Dallos, 1968) have reflected
t echnol ogi cal advancenents in el ectroacoustics and

el ectronics.  The procedure and results reported in these
I nvestigations have produced inprovenents in neasurement
and calibration techniques and a body of normative data

for acoustic inpedance at the tynpani c menbrane.

Eleptrqg Acoustic Inpedance Bridge Mdsen Z070

Wth the Mdel Z070 tynpanic menbrane characteristics
may be observed by the application of positive and negative
pressures to the ear canal.  The function of the intraaura
nmuscl e reflexes may also be studied and the various
observations are seen as changes in acoustic inpedance.

The basic principle involved in the Mdel Z070 is given
bel ow.

The volume of a hard walled cavity may be determned
acoustically by the application of a pure tone of a fixed
frequency through the sound |evel (SPL) within the cavity.
|f the volune of such a cavity is large, the intensity of
the tone nust be relatively large to attain a given SPL
withinthe cavity. Conversely, if the cavity is small,
the intensity of the tone necessary to attain the same SPL
wll be relatively smaller.



26

The detailed description of the Mdel Z070 is given
inthe manual -

Madsen Model Z070 El ectro Acoustic |npedance Bridge

Applications and Instructions for use.

Madsen El ectroni cs.

TYMPANOVETRY

Since Mats first suggested in 1946 that acoustic
| npedance of the ear can also be used as an indirect
i ndex of pressure equalization on both sides of the
tynpani ¢ menbrane; only a fewreports have appeared in
the literature on this subject, until recently.

Thonsen (1955), Andersen at al (1956), Terkildsen
and Thomson (1959) have published articles on the use of
| npedance neasures as an objective nethod of testing
mddl e ear function. In the years followng these early
reports, a technique emerged in the Scandinavian countries
whi ch represents a conbination and nodification of the
efforts of Terkildsen and Thonsen and Andersen and his
associates. This technique is nowreferred to as
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Tynpanonetry and applies an objective neasurement to the
basic principle of Van D shoeck's subjective pneunophone
test. Van Dishoeck's technique is based on the principle
that a tone fed into the ear canal will be heard nost
distinctly when the air pressure on both surfaces of the
tynpani c nenbrane is equal; Tynpanonetry as it has

devel oped over the past decade, uses an El ectro Acoustic

| npedance Bridge to indicate changes in the conpliance of
the tynpani c menbrane while simltaneously varying pressure
in the hermetically sealed ear canal of the same ear.

This technique permts sinultaneous assessnent of (1) the
mobi lity of the tynpanic nenbrane, (2) the status of the
ossicul ar chain, including the supporting mechanism (3)
the air cushion of the mddle ear, and (4) the status of
the Eust achi an t ube.

When the acoustic energy reaches the tynpanic
menbrane most of it is absolved in normal ears. The
amount of absorption at the tynpanic menbrane equals a
certain increase of the actual Volunme of the ear cana
and is called the acoustic equivalent volume of the
t ynpani ¢ menbr ane. It is determned by the 3 separate
factors: (1) the tynpanic menbrane, (2) the ossicul ar
chain, and (3) the mddle ear space.
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Tympanic Membrane

The conpliance of the tynpanic menbraneisvery
suceptible to alteration when the air pressure in the
mddl e ear differs fromthat in the ear canal. Such a
condition makes the tynpani c menbrane to become stretched
giving rise to a decrease in conpliance. Pressure
di fferences of 100 nm H,O cause | arge variations. The
effect is alnost maximal with pressure differences of
200 mm H,0 and very little change takes place with greater
differences in pressure.  Such pressure differences
occur in tubal occlusion when the mddle ear pressure
falls bel owthe atnospheric pressure in the external
audi tory means (Mdsen Manual 1970).

|f the conpliance variation is not found during the
pressure variations in the external auditory meatus,
This is due either to a perforated tynpanic menbrane or
to alack of air inthe mddle ear or fluid in the mddle
ear or cicatrical obliterations of the mddle ear.

Gssicul ar Chain

The ossicul ar chain has a considerable influence on
the conpliance. In otosclerotic ears, on average the
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conpliance is reduced. The statistical variations, however,
are quite large and the diagnostic value of the fact

alone is questionable. The nain inportance of the

ossicular chain in acoustic inpedance neasurenments is
associated with the intra aural nuscle reflexes.

The Vol ume of the Mddle Ear Space

It varies fromperson to person.  This individua
variation is probably the reason for the large statistica
variations in conpliance.

| f t he Eustachiantubei s patul oustheconplianceis
|arge and respiratory variations of pressure in the
rhi nopharynx are transmtted to the mddle ear so that
conpl i ance changes which are synchronous with respiration
are evident (Madsen Manual). Arterial pulsations in the
m ddl e ear may al so cause variations of the conpliance.
In sone patients this is quite profound follow ng acute
attacks of otitis media (Mudsen Manual).

The normal Eustachian tube is closed at rest.  The
anterior and posterior surfaces of the menbranous portion
of the tube are held in opposition by the elasticity of
the cartillaginous and fibrous elenents in the pharyngeal
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wal |'s and the closure is reduced air tight by a nucous
filmwhich coats the walls of the tube. During the act
of smelling the surfaces are separated, by the actions of
the tensor veli palatini and |evetor veli palatini nuscles
and the |owered pressure that has devel oped in the
tynpanic cavity fromthe absorption of oxygen is equalized
with the atnospheric pressure. (Mller, 1965).

Measurement of middle ear preasure has been studied
by direct and indirect nethods. Direct nethods, for the
determnation of the mddle ear pressure, need free air
contact between a manoneter systemand the air filled
m ddl e ear space. This contact is produced by the needle
puncture technique in man, but have received only [imted
clinical acceptance, because of the potential risks
i nvol ved (Ingelsted et al, 1967, Liden, 1970).

By using indirect methods, the mddle ear pressure
behind the intact tynpanic nmenbrane can be estinated
provi ded that the tynpanic menbrane is novable. Ingelste
(1967) further devel oped the indirect nethods for deter-
mnations of the mddle ear nechanics.  These nethods
are based on recordings of the novenents of the tynpanic
menbrane in response to a change of air pressure applied
tothe tynpanic cavity. But thisis conplexto use
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clinically and carries a certain risk for the patient
(Liden, 1970).

Tynmpanomet ry cones under the indirect nmethods.
Today, Tynpanonetry is an inportant segnment of inpedance
andiometry. It is rapidly gaining in popularity as a
clinical differential diagnostic tool. It consists of a
graphic representation of pressure conpliance relation
of the mddle ear as neasured at the tynpanic nenbrane.

For unknown reasons no systematic study has been
reported on tynpanonetry in the literature until 1970.

In 1970, Liden, Liden and Petersen, and Jerger have
publ i shed three articles on tynpanometry (Jerger's article
has included the other two inpedance neasurenents al so),

Li den has |abelled and Jerger has further classified
tynpanonetry curves into three basic types: type A type
B and type C, as shown in figure 10.

Type A tynpanonetry curve shows maxi num conpliance
at or around O mm H,0 pressure.  Usually type A curve

I's found in normal, sensori neural and otosclerotic ears.

Type B curve characterizes of very little or no
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conpl i ance change as pressure is varied in the externa
auditory meatus. Usually type Bis found in serious
and adhesive otitis media, and perforation of the

t ynpani ¢ menbr ane.

I n Type C curve maxi mum conpliance occurs at
negative pressures (around -100 mm H,O0). This is usually
found in Eustachian tube nal function.

Jerger  (1970) reports a higher incidence of type C
t ynpanograms in youngsters, 2 to 5 years old with norma
hearing and sensori neural hearing | oss than in ol der
groups. He believes that this finding suggests the
presence of undetected m ddle ear pathology in children
W t hout obvious audi onetric evidence of a conductive
component. In fact, the type Ccurve occurred in 31%of
the ears in the younger age group reported in his study.
(Harford, 1973).

Li den (1970) has observed maxi mum conpliance at two
different pressures at or near 0 nm HO in ossicular

di scontinuity cases.

Jerger (1970) has observed a deep type A curve in
ossicular chain discontinuity. He attributes the
difference in the findings with regard to ossicular chain
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di scontinuity cases to the difference in the used probe
tones. Jerger nade use of a 220 Hz pure tone. \Wereas
Li den made use of 800 Hz tone.

Pulton and Lanb (1972) reports that stiffness
characteristics of the tynpanic nmenbrane are best
reveal ed by the use of 220 Hz probe tone.

Harford (1973) reports that ossicular chain dis-
continuity results in type D configuration show ng rather
| arge undul ations indicating a highly conpliant ear drum
Liden (1970) al so had observed this type of tynpanonetry
curve in disruption of ossicular chain and stapedectom zed
ears.

Li den (1970) recommends neasuring various paranmeters
of tynpanogramfor quantitative purposes, exanple: the
depth, wi dth, displacenent of the notch relativeto
at nospheric pressure and difference in probe tone
reflection between maxi num positive and maxi num negative
pressures.  And he further recomends that nore research
I's needed to examne the value of his suggestion.

Liden tested 100 normal s, 29 otosclerotics and 27
sensori neural cases. And he studied, for all the ca-
ges, the tynpanonetric characteristics.
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Peterson and Li den (1970) nade use of the
t ympanometry technique to a series of 21 fresh human
tenporal bones, 11 of which vere judged to be normal.
The purpose of the study was to create discrete mddle ear
| esions in fresh human tenporal bones and conpare the
resulting tynpanograns with those observed for living
ears with simlar lesions. The authors conclude that:

The nor nal tynpanonetrlc patterns were found
to be S|n1Iar 0 those obtained in a series of
100 nornal living ears in terns of notch depth,
wi dth, position of the notch relative to
at nospheric pressure and difference in probe
tone reflection between naxi mum positive and
negative ressures ap lied

Experimental mani pul |ons on normal and
abnormal ears revea e tympanograns simlar to
t hose observed for patients with clinically
dlagnosed pat hol ogi cal abnormalities. This

ing permts the interpretation of Partlcular

anonetrlc shapes in I|V|ng ears with greater
assurance

Recently the findings of Peterson and Liden on fresh
human tenporal bones have been confirmed by Harford (1973).

Brooks (1969) made use of the tynmpanonetry technique
in the assessment of mddle ear function. H's study
consi sted of 1053 school children. H's objective was to
learn if screening tynpanonetry coul d detect the presence
of otitis mediainthe mddle ear. He measured mddle
ear pressure and conpliance. He found reduced mddle ear
pressure comonly in first year school children, dimnishing
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with increasing age. He also found fluid in the mddle
ear commonly in infant school children, frequently
associated with infected and swollen adenoid tissue.

He reported that 20%of the children in 5 years old group

had clear sign of secretory otitis nedia.

Brooks (1969) has tried to define the shape of the

curve in nunerical tenrs by measuring the steepness near
the peak. He neasured the cahnge in conpliance for a
pressure difference of 50 nmH0 fromthe peak vlaue and
called it the "gradient". He wites that the gradient
value in the normal ear is about 40% of the conpliance.
but in an ear where the mddle ear is filled with fluid
it is usually Iess than 10% of the conpliance val ue, and
in an ear where the tynpanic nenbrane is havily scarred
it may reach over 80% of the conpliance val ue.

Ful ton and Lanb (1970) report a study on acoustic

| npedance and tynpanometry with the retarded individual.

Many investigators have used the tynpanonetry
technique to assess the status of Eustachian tube.
Addi tional i nformationconcerningthefuncationofthe
Eust achian tube of the normal and the pathol ogi cal ears
I's needed. Eustachian tube dysfunction is the mjor
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2) fluroscopy or clearance tests (Conpere, 1958),
3) radiographic (Pariaier and Mansko, 1970)

4) equilibration of negative or positive air
pressure introduced to the mddle ear
(Zol I ner, 1942) and

5) inpedance neasurements (Metz, 1946).

Harford considers tympanometry nethod a quick, quanti-
tative assessnment of air pressure in the mddle ear and
that it has the potential for detecting Eustachian tube
mal function where even mcroscopi c observation may fail to
reveal an abnornal conductive system Further he believes
that tynpanonmetry finds a place along with pure tone
audiometry as a nore effective identifier of mddle ear
pat hol ogi es in school screening programmes.

STATI C | MPEDANCE MEASUREMENTS

Acoustic inpedance is the resistance offered by an

object to sound and it is neasured in units termed acoustic
ohms.

In the normal ear, acoustic waves are collected by
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the pinna and conducted along the external auditory meatus
to the tynpanic menbrane.  When sound reaches the
tynpani ¢ menbrane some of the acoustic energy is absorbed
by the menbrane, setting it and the ossicular chain into
mechani cal notion.  Then acoustic energy reaches the
cochlea.  However, not all of the acoustic energy is
absorbed by the tynpanic menbrane, sone of it remains in
the external auditory neatus. It is possible to neasure
the anount of acoustic energy remained in the externa
auditory nmeatus, and thus quantitate the acoustic inpedance
of the ear, calibrated by analogy in acoustic ohns.

The normal ear absorbs nostly the acoustic energy,
and it is said to have a | ow acoustic inpedance or a high
conpl i ance. |f an ear absorbs a little sound and if it
reflects nost of the acoustic energy has a high acoustic
I mpedance and | ow conpliance.

Acoustic inpedance techniques are used to measure the
"opposition" that exists at the |ateral surface of the
tynpanic menbrane or at sone place within the externa
auditory meatus.  Acoustic inpedance neasurements are of
two types: (1) Static Acoustic |npedance Measurenents and
(2) Dynamc Acoustic |npedance Measurenents.

Static Acoustic |npedance Measurements are made with



atmospheric air pressure in the external auditory meatus
and with the mddle ear nuscles in a state of "nornmal"
tonus. The words "static" (Lilly, 1964, 1972; Dall os,
1964; Pinto and Dallos, 1968) and "quiscent” (Becker and
Kryter, 1965) have been used to distinguish these measure-
ments fromneasurenents of dynamc changes in acoustic

| npedance at the tynpanic nenbrane.  Some investigators
have used the word "absol ute" as a synonymfor the word
"static", and have used the word "relative" as a synonym
for the word "dynam c".

Dynam ¢ Acoust i ¢ | npedance Measur enent s! - Acousti c

| npedance at the lateral surface of the tynpanic menbrane
wi || change when the m ddl e ear nuscles contract, when the
Eust achi an tube opens or when air pressure in the external
audi tory meatus is nade higher or |over than atnospheric
pressure.  These dynamc changes are neasured in absol ute
physical units.

Static Acoustic |npedance Measurenents:- A nunber of

wor kers have neasured the nechanical inpedance at the
human ear (\Wgel and Lane, 1924; Troger, 1930; GCeffeken,
1934; Keibbs, 1936; Kurtz, 1938, Metz, 1946; Morton
and Jones, 1956 and others) as viewed froma generator of
acoustical pressure at the entrance of the neatal canal.
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As the acoustic energy reaches the tynpanic menbrane,
it wll be set tovibration. As early as 1972, Mach and
Kessel succeeded in observing vibrations of the tynpanic
menbrane by making it reflective by inplanting a film of
gold onit. Since that time, many investigators have
studied the vibration of the tynpanic nenbrane either
directly by ear mcroscopes or indirectly by making
| npedance neasurenments (Littles, 1965).

Wl ska (1935) nmeasured the vibration of the tynpanic
menbrane for certain sounds and estinmated the magnitude
for just audible sounds. Hs results are in agreement
with |ater observers. Bekesy (1941a) used a condensor
m croscope technique invented by Backhaus (1923) to observe
the details of vibration of the tynpanic nenbrane (Littles,
1966) .

A systematic investigation of the Acoustic |npedance
and its application to clinical audiology started after
Metz's (1946) work onit.

Sone how probably because of historical accidents
and msinterpretations, a disagreenent arose concerning
the suitability of absolute inpedance neasurenents as
conpared to neasurements of inpedance changes. (2w sl ocki
and Fel dman, 1970).  High individual differences that
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sone investigators (Terkildsen and N el sen, 1960) have
found to obscure the pathol ogical effects seemto
constitute the nmain objection. Secondary objections
arose fromthe need for nore sophisticated instrunents
and necessary techniques. (2w slocki and Fel dman, 1970).
For a while, these objections conpletely elimnated the
absol ute inpedance nmeasurenents fromthe clinica

di agnostic armanentorium  However, a series of experi-
ments that started in 1956 have led to a Bonber of publi-
cations (2w slocki, 1957a, 1957b, 1961, 1962, 1963 and
1968; Fel dman, 1963, 1964, 1967, 1969), and have reveal ed
that the individual differences could be reduced to a
manageabl e 1 evel by elimnating the effect of the indivi-
dual Iy variable volune of the external auditory meatus,
and by performng the neasurements with sufficient
precision. (2w slocki and Fel dman, 1970).

As Zwi sl ocki and Fel dman (1970) put it -

_ Al'though precision still seems to be |acking
I n some experimental series (Bicknell and
Morgan, 1968), absol ute inpedance measur enents
seemto be galnln? ground. ~ The best indication
of this trend is that some instrunents
originally devel oped for the neasurement of |

| npedance’ changes have been nodified to permt
rough estimtes of absol ute inpedance.

The return to absol ute inpedance measurenents
seens to be due not only to inprovements in
techni ques and instrunmentation but also to
shortcom ngs of methods relying on inpedance
changes.
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In the normal ear stapedius reflex alters the inpedance.
Al though the absence of inpedance changes caused by the
stapedius reflex is a good indication of mddle ear
pat hol ogy (Kl ockhoff, 1961), the reflex cannot al ways be
elicited (2w slocki, 1970).

As a consequence, the absence of a detectable acoustic
reflex is an unsafe indicator of mddle ear malfunction.
Al though a detectable reflex constitutes a strong contra-
i ndication of mddle ear pathology, the reflex can be
detected in sone cases of ossicular separation and serous
otitis nedia (2w slocki and Fel dman, 1970).

In the | ast decade many investigators studied absolute
acoustic inpedance both on normals and pathol ogi cal ears
and have given typical normative values. A fewinvesti-
gators studied the reliability of acoustic inpedance.

Zwi sl ocki (1957a) and Fel dman (1963) have reported
that certain mddle ear abnormalities show characteristic
stiffness and frictional properties (acoustic inpedance)
that are different fromthat of normal ears. However a
few nornmal hearing individuals al so showto one degree or
anot her, the characteristic inpedances associated with
specific type of mddle ear abnormality (Feldman, 1963)
so that inpedance neasures of the mddle ear, |ike other



diagnostic tests are not always conclusive wth respect

to identifying a particular cause of auditory abnormality.
(N xon and Gorig, 1964). This overlap of normal ears
with a portion of abnormal mddle ear will not exceed 10%
(Fel dman, 1967).

Ni xon and Qorig (1964) have studied the reliability
of acoustic inpedance neasures of the mddle ear. I'n
this study 4 repeated tests were made on 13 subjects by
the sane examner. They found that the test was a
reliable procedure.

Tillman et al (1964) have also studied the reliability
of acoustic inpedance neasurenents perforned by different
examners in repeated trials. (Feldman, 1967). This
study agrees with the findings by Nixon and Qorig (1964).

Fel dman (1967) has performed a normative study (using
Zwi sl ocki bridge) on 33 nornmal hearing individuals and has
given the followng data for a probe tone of 260 c/s -

Conpl i ance

Mean in CC of equivalent volune of air = 0.67

Ranges of 80% of norrfmls in CC of ) =0.45-0.9
e8U|vaIen vol'une of arr )

(N = 33)



Resi st ance

Mean in acoustic ohns = 434
Range of 30%of normals in acoustic ohms = 310-610

Zwi sl ocki (1968) has published an excellent article
on Acoustic Research and its Application.

Fel dman (1969) has conducted inpedance neasurenents
on smal | groups of patients having undergone stapedectony.
The prosthesis studied were pol yethylene (9 ears), wre
(11 ears), Stainless steel piston (Robinson) (17 ears),
and teflon (15 ears). In addition 7 patients undergoing
anterior crurotony were exam ned.

The data suggest that on the average conpliance
at the ear drumwth all prosthesis and anterior
crurotony |s | arger than nornmal , althou h ears
wth stainless sieel |0|ston and’ pol Kethy ene s
do present considerable overlap WI'[ nor nal
(Fel dman, 1969).

Furt her he wites:

An earlier study denonstrated that the
elimnation of the stapedius nuscle woul d not
alter the inpedance in a normal ear, (Feldnan
1967) and consequent|y, a | ower inpedance in
a post stapedectom zed ear could not be
attributed to a | oss of tension or sti ffness
that may be provided in a nornal mddle ea
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He further recommends nore studies on this subject.

Priede (1970) perfornmed acoustic inpedance neasures
in 2 cases of ossicular discontinuity. H's findings agree
with the findings of Bicknell and Mrgan (1968), and
Fel dman (1967).

Burke (1970) has neasured acoustic inpedance on 25
normal hearing subjects. He used the following criteria

for the selection of normal subjects

1) heaving levels were required to be within
15 dB (ASA 1954) from250 to 8 kHz

2) no history of mddle ear pathol ogy

3) presence of bilateral acoustic reflex

and he gives the follow ng data for a probe tone frequency
of 250 Hz.

React ance Resi st ance
Nean 1436 441
S.D 454 168
S E 93 34

Zwi sl ocki and Fel dman (1970) have discussed about the
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usef ul ness of the inpedance neasurenents and have given
a range of normative data.

Using electro-acoustic inpedance bridge, Fulton and
Lanb (1972) have tested the acoustic inpedance of 100

mental |y retarded subjects.

_ It appears that absolute mddle ear
| npedance for normal hearing mentally
retarded subjects, as for normal hearing
gersons in general, I's approximately

500-1600 . Again, this is the reactance
conmponent of inpedance rather than resis-
tance and the figures are true only for probe
frequency at or around 220 Hz.

Jerger (1971), inanarticle "Ginical Experience
wi th | npedance Audionmetry", has given an excell ent
I ntroduction to El ectro-acoustic bridge, Madsen 2070, and
he gives the results of inpedance neasurenents perforned
wel | over 400 patients. He has found that nost normal
mddle ears will yield inpedance scores in the range of
1 Kto 3 K acoustic ohns. He al so mentions that
occasi onal |y scores as |owas 800 or as high as 4200
acoustic ohns can be expected. He stresses the useful ness
of inpedance neasures to confirm audionetric inpression in
the eval uation of young children.
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ACOUSTI C REFLEX THRESHOLD MEASUREMENTS

Hensen (1378) was the first to observe acoustic mddle
ear muscle reflexes. The nmost inportant acoustic reflexes
are the cochl eopal pebral reflex (extrensic acoustic
reflex) and mddle ear nuscle reflexes (intrinsic acoustic
reflex), (Jepsen, 1963). Contraction of the mddle ear
nuscles alter the sound transm ssion, characteristics of
the ear.

Interest in the mddle ear nuscle activity has been
shared by investigators concerned with the physiol ogy of
the nornmal ear and clinicians whose primry interest has
been on pathol ogies of the auditory system

As early as 1946, Metz denonstrated that an intense
acoustic stimulus gives rise to a distinct change in the
| mpedance due to connection of the mddle ear nuscles.
Fol | owi ng this approach the mddle ear nuscle reflexes in
man have been extensively studied by inpedance measurenents.
Experinental and clinical investigations have shown that
the mddle ear nuscle reflexes in man are stable phenonenon
and gives valuable information both on the mddle ear
muscl es activity and on the auditory system
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M ddl e Ear Muscl es

I n the human and mamal i an mddl e ear, two nmuscles
are attached to the ossicles - the tensor tympani, first
described by Eustachius (1564), and the stapedius nuscl e,
whi ch was accurately described for the first tine by
Varolius (1591). Mddle ear nuscles are mainly striated
muscl es but may contain some non-striated fibres.

The tensor tynpani is a tiny though relatively |ong
bi pennat e muscle which runs for 35 mm |lying in a bony
canal above the Eustachian tube. It arises mainly from
the bony tunnel above the osseous part of the tube and
passes backwards and laterally through this tunnel. Its
band- shaped tendon turns at right angles around a "bony
shel f", the cochleariformprocess and passes |aterally,
to be inserted into the medial surface of the malleus,
just belowits neck. It is innervated by the mandi bul ar
nerve (a branch of the trigemnal, or fifth cranial nerve)
It alsoreceives atwg fromthe tynpanic plexus. n
Contraction, the malleus moves inwards and pulls the
tynpani ¢ menbrane with it.

The stapedius is the snallest nuscle of the human
organism its average |length being 6.3 nm (\Wver and
Law ence, 1954). It occupies the pyramd and the canal
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whi ch curves downwards fromit. Its tendon passes through
a mnute aperture at the apex of the pyram dal em nence,
turns a little downwards, and proceeds nedially to the
posterior nmargin of the head of the stapes close to the
articulation with the lenticular process of the incus.

It is supplied by a branch of the seventh cranial (facial)
nerve, and its contraction pulls the stapes posteriorly

and slightly outwards around a pivot at the posterior end
of the foot plate.

The actions of the mddle ear muscles are controlled
reflexely, and it is thought that they protect the inner
ear against the harnful effects of loud sound.

Reflex Arc

Areflex arc, inits sinplest form consists of an
afferent neuron, a synapse, and an efferent neuron. A
distinction is thus made between the afferent part of the
reflex arc, the "reflex center", and the efferent part of
the reflex arc, the reflex center being the level in the
central nervous systemat which the afferent inpulse passes
over to the efferent neuron.

Based on the work of several investigators (Hammerschlag
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1899); Sherringtor and Forbes, 1914; Lorente de No,

1933; Tsukanoto, 1934; and Rasmussen, 1946), the

presumed course of acoustic stapedius reflex arc is given in
the fig.

Acoustic Refl exes

Hensen (1373), Pollak (1886) and Kato (1980) studied
acoustic reflexes using animl subjects |ike dogs, cats
and rabbits.

Luscher (1929 and 1930) was the first to show that
acoustic reflex contraction of the stapedius is a constant
phenonenon in man.  He observed stapedius nuscle directly
using an ear mcroscope through a perforation of the
tynpani ¢ menbr ane. He denonstrated regular and constant
reflex contractions of the nuscle, which could be elicited
both fromthe honolateral and contralateral ear. He
denonstrated that acoustic reflex could be conditioned.

He showed that acoustic reflex could be elicited between
30 to 14000 Hz.

Recording of the Mddle Ear Miscle Contraction

1. Director Cbservation: Luscher (1929 and |930)
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Kobrak (1932 and 1948), Lindsay et al (1930) and Potter
(1936) observed directly mddle ear nuscle reflex on
acoustic stinulation using ear m croscope. D upesl and
(1962), Kl ockhoff (1961), observed m ddl e ear nuscle reflex
directly on non-acoustic stinulation of the ear.

2. Electronyography: Recording of action potentials

fromthe tynpanic nuscles has often being used in
experiments on animals (Bornshein and Krejci, 1958, (kanoto
et al, 1954; Eliasson and G ssel sson, 1955; Wersall, 1958,
Kirikae, 1960). Perlman and Case (1939), Fisch and

Schul thess (1963) studied stapedius reflex in man using

el ect ronyography.

3. Extratynpanic Manonetry: Various technical arrange-
ments have been proposed for this purpose (Metz, 1951,
Anderson, 1959, Ml ler, 1958 and 1960; Terkildsen and
Ni el sen, 1960; Zw slocki, 1968). Mddle ear nuscle
reflex changes the inpedance of the ear. By measuring
this inpedance change either by using mechanical bridge
O by using electrical bridge many investigators have
studied the mddle ear nuscles.

The inpedance nethod is probably the only one of
clinical value. The test is reliable and it is less
time consum ng.
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Elicitation of the Mddle Ear Muscl e Reflexes

Acoustic and factial stimuli may be used to elicit
the reflex.  Spontaneous contractions of the mddle ear
muscl e have been reported in cats and guinea pigs. No
spont aneous contractions of the mddle ear muscle have so
far been discovered by inpedance measurements in man.

Acoustic Stimulation

An audi oneter serves as a sound source for elicitation
of the reflex. The sound stinuli are delivered through a
singl e munt tread phone having the contral ateral ear free
for application of the inpedance apparatus. The threshold
of the reflex is recorded for the ear which is connected
to the measuring bridge. Thus, the recording for the
right ear will at once be an expression of the notor
function of the right ear (nuscle reflex) and of the
sensory function of the | eft ear (Jepsen, 1963).

Metz (1961) recorded the reflexes fromthe honol ateral
ear by a special procedure. He observed that honol ateral
stimulation resulted in greater inpedance than that wth

contral ateral stimulation



Threshol d

Threshol d of the stapedius reflex may be obtained
either by increasing intensity by S dB steps or reducing
the intensity by 5 dB steps after eliciting the reflex.
But the [ower threshold reading is obtained during the
reduction of the intensity. In other words, preceding
contractions of the stapedius produced by one stinulus,
nay sonetimes bring about a fall in the reflex threshold
(Jepsen, 1966).

Simlar observations were made by Kato (1913) in
ani mal experinents using cats.  These observations are
in close agreement with well known neurophysi ol ogi ca
phenonena that the threshold of each succeeding reflex is
| owered by the excitation of just preceding its own.
(Sherrington, 1906).

As the strength of the stimulating tone is increased,
the strength of the nuscle contraction increases, and the
muscl e contraction is greater for stimuli of |owfrequeneies
than for higher frequencies. Mtz (1951) and Mol ler (1958]
showed this correlation between the intensity and nuscle
contraction by ossilographic registration. But the
reflex can be abolished by exposure to very strong stinuli
(for exanple, 140 dB at 1 kHz for 20 seconds) and Perl nman
state that this is due to fatigue not in the nuscle but
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presunably in the neural circuit of the reflex are.

Jepsen (1955) investigated the threshold of the
stapedi us reflexes in a control series of 91 nornal
subjects. The results are shown in figures

In figures solid | ines represent the mean
val ues of the thresholds, while the broken |ines indicate
the dispersion.  This dispersion includes 95%of the
subj ect s.

It appears clearly fromthe figure
the threshol ds both of hearing and o
stapedi us reflexes vary with the age o
the subject.  The threshold of hearing
I ncreases, while that of stapedius
refl exes decreases with age . . . .
The changes in the threshold of the _
staPed[us reflexes in aging subjects mani -
fests itself in such a manner that at
frequenci es above 1000 Hz a | ower sound
Intensity than in younger persons is
capable of eliciting aresponse of the

st apedi us muscl e. his may be assumed to
be a manifestation of recruitment.

(Jepsen, 1966).

s that
f the

Metz (1952) was the first to enphasize that studies
of the acoustic reflex could be nade use of in the
denonstration of recruitment.

Anot her study by Jepsen (1966) shows that the
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threshol d of the stapedius reflex depends not only on the
intensity of the stinmulus tone, but also onits frequency.
H gh and | ow tones have hi gher thresholds than those of
the mddl e frequency band.

Jepsen (1966) reports two cases, where the threshold
of the visible acoustic reflex contractions of the
stapedi us nuscle was recorded and afterwards the threshold
was determned by the inpedance nethod.  The two showed
al nost identical results.

Direct observations of the stapedius tendon are in
support of the assumption that it is the contractions of
the stapedius and not of the tensor tynpani that are
recorded by the inpedance neasurements.

B) Dependance of Tynpanic Reflexes on Mddle Ear Pressure

Terkil dsen is of the opinion that the
contraction characteristics of the individua
muscles arc influenced by changes in the
position of the ossicular chaln by the
appl i cation of pressures to t he tynpanic
nenbrane, As a matter of fact, the
contractile strength of the individual
muscl es is highly dependent upon the
resting length. “(Wersell, 1958).
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C) Latency

Many investigators have neasured the latency time of
the reflex both in animals and in human subjects. Per| man
and Case (1939) found a figure of 10 m sec. for the human
stapedius. This is alnost identical with the |atency
found in experimental animals (Hallpike, 1935; Boruschein
and Krejci, 1952; Eiasson and G ssenson, 1955; Wersell,
1958; Galanbos and Rupert, 1959; and others).  Perlnan
and Case's finding was confirnmed by Fisch and Schul t hess
(1963). Metz (1951) studied |atency by inpedance nethod
and he found that the mninumval ue was 35 msec., and
confirmed the findings of Lorente de No (1933) that the
| at ency became progressively shorter as the stimulus
Intensity was raised. Kato made a simlar observation
For the cat. Mller (1958) confirned the results of Metz.

Stevens and Devis (1947), and Tirkildsen (1960c)
have also studied the |atency aspect of the reflex.

D) Surmmation

Summation of stinmuli occurs when two tones of equa
contraction-inducing power are applied sinultaneously to
produce tw ce the power of nuscle contraction (John G oves,
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1971). This results only if both the stinuli are above
the reflex threshold. Perlman (1960), Jepsen (1963) and
D upesl and and Zwi sl ocki (1971) have studied the effect

of tenporal summation on the human stapedl us reflex.

E) Effects upon Sound Transm ssion

The ef fect of the musclereflex uponthe perfornmance
of the ear is areduction in transmssion of sound energy
This is because of an increase in stiffness of the
vibrating parts. Experinmental investigations, on anina
showed that this effect is [imted to frequencies bel ow
1200 Hz and at higher frequencies, Wggers (1937) found'
that the reflex actually caused a small increase in
sensitivity.

MRobert et al (1969) conducted experiments, using
a 250 Hz masked tone delayed in discrete steps with respect
to the high frequency nmasking tone or noise ( SO dB SPL)
They found that there is an increase in nasking between
100- 200 m seconds delay that is attributable to reflex
contractions of the mddle ear nuscles.

Inthe literature only a few studies are there
concerned with this problemin man.  Jepsen (1966)
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classifies these studies into the follow ng three groups;

1) investigations on threshold shift after
vol untary and acoustically or non-
acoustically elicited contractions of
the tynpani ¢ nuscl es,

11) equal |oudness experinents, and

Iii) measurenentsof theacousticinpedance.

F) Fatigability of the Mddle Ear Reflex

Luscher (1930) and Kobrak et al (1941) have studied
fatigability of the stapedius reflex, by direct observatic
of the stapedius tendon, in hunman subjects with tynpanic
menbrane perforations when the contral ateral ear was
stinulated with an intense continuous sound, a sustained
contraction was first observed. Despite continued sound
stimulation a decrease in contraction and a final return
to the resting state were observed. |f another tone of s
different frequency was superinposed, a new stapedi us
contraction was elicited. Mtz (1951) reported simlar

findings.

Brasher et al (1969) have reported an article on
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mddl e ear nuscle activity and tenporary threshold shift.
The purpose of this study was to exam ne the possible
correl ations between individual variations in tenporary
threshol d shift fromsteady state and inpul se noi ses on
the one hand and in acoustic reflex response and
anticipatory mddle ear nuscle contraction on the other.

Non-acoustic Stimulation and the Reflex

Luscher (1929), Pickles and Bornschein (1957),
Kl ockhof f and Anderson (1969a) and Kl ockhoff (1961), have
studied the stapedius reflex characteristics using tactile
stimulation. Responses were obtained in most cases when
stinmulus was applied to the honmol ateral tragus and in the
canal wal .

Refl ex Studies in the Last Decade

Fel dman and Zwi sl ocki (1965) have studied the effect
of the acoustic reflex on the inpedance at the tynpanic
menbrane on 17 normal ears. The reflex is shown to affect
the inpedance by a decrease in conpliance and a slight
decrease in resistance. The authors conclude that:
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The major effect of the reflex apPears
to be two fold. _The conpliance of the system
Is decreased. This change is in the same
direction but smaller than that produced by
otosclerosis, At the sane tine, the
resistance of the systemis decreased
sonewhat. Qosclerosis effects the
resistance in the opposite direction. As a
consequence it is concluded that contraction
of mddl e ear nmuscles and otosclerosis do
aot produce nechani cal changes of the sane
kind. Possibly, the nuscle contraction

| eads to a | oosening of the incudostapedi al
{0|nt inaddition to & partial fixation of
he st apes.

There is a need for further study to confirmthe above
findings.

Liden (1954) has reported that, the disconfort |evel
for speech was only slightly higher for an otosclerotic
I npedance than for the sengorineural groups with recruit-
ment. Consistent with this is Harford and Jerger's

observati on

Based on the above findings, Anderson and Barr (1968)
wite that conductive loss is not entirely devoid of
recruitment like properties. This was substantiated by
studying reflex nmeasurenents on 30 cases of unilateral pure
conductive loss (24 cases of ossicular fixation + 6 cases
of ossicular interruption). And they have used the reflex
measuring nmethods to substantiate their recruitnent.
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Elicitation of the reflex in the above study is
contrary to the published reports (Jepsen, 1963;
Kl ockhoff, 1961), that mnimal conductive hearing | oss
wi || usually prevent inpedance changes from occurring.

Furt her studies are needed on this |ine.

Jepsen has reported that, a test stinmulus of 70 to
90 dB above auditory threshold is needed to elicit the
stapedius reflex in case of normal hearing subjects. A
nunber of studies have stated that stapedius reflex appears
to be related to | oudness growth rather than to signal
intensity. Thus, inpedance changes that are found to
occur by stinulating with signals [ess than 70 dB
sensation | evel have been interpreted as show g | oudness
recruitment (Metz, 1952; Kristensen and Jepsen, 1952;
Thonson, 1955; Ewertsen et al, 1958; Jepsen, 1963).

Lamb, Pet erson and Hansen (1968) have conducted a
study using 10 normals (19 ears), 15 bilateral sensori-
neural (29 ears) and 10 unilateral sensori-neural |oss
(10 ears). They have found that with both the unilatera
and bilateral |oss groups the nean range between pure tone
threshold and reflex threshold was 40 to 45 dB.  They
have al so found that individual thresholds in these groups
ranged from55 dBto as little as 10 dB.
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D upesland and Flottorp (1970) have studied the
correlation between the ABLB and Metz's Recruitnent Test.
They have drawn the fol | owi ng conclusions based upon
their investigation of 83 patients exhibiting sensori-
neural |oss of varying degrees -

1) Metz's Recruitnment Test differentiates
bet ween cochl ear and retrocoehl ear

pathol ogy as reliably as the ABLB, M.B
tests.

2) Metz's Recruitment Test possesses a

broader range of application than the
| oudness bal ance tests.

Ander sen, Barr and Wedenberg (1970) used the stapedius
reflex test, along wth the threshold test, ABLB, tone
decay and speech discrimnation test for early detection
of acoustic tunors.  They have tested 21 cases of verified
retrocochl ear involvenent (16 acoustic tunmors, 5 posterior

fossa tunors) with a hearing | oss not exceeding 60 dB.

In the reflex neasurement the follow ng data were
col | ected:

1) the threshold of the acoustic reflexes for
di fferent frequencies; and



2) the persistence of the reflex response on
prol onged stinulation.

They have observed pathol ogically elevated reflex
thresholds in all but one of the patients and in 13 cases
t hey have observed abnornally rapid reflex on prol onged
stinulation.

These reflex tests appear to reveal the
earliest audiological signs of an incipient
retrocochl ear lesion. This is borne out by
a fewextrenely early cases where the
hearing threshold was still entirely normal
and where none of the traditional differential
di agnostic hearing tests disclosed the
presence of a retrocochlear disorders.

Li den (1970) has reported a study el ucidating the
behavi our of the stapedius reflex in clinical presunptive
cochl ear and retrocochlear |esions after correlating the
results with those obtained from experinentally induced
lesions in the cat.  The number of subjects included in
the study were patients with Mneire's disease, 15 wth
athetosis and 9 with acoustic tunors.

G ei sen and Rasmussen (1970) have used stapedius muscle
reflex examnations on two patients shown to have brain
stemtunors.  Reflexes were exam ned by using an
| npedance devi ce capable of neasuring the stapedius reflexes



both by contralateral stinulation and by honol at er al
stimlation.

Comparison of the stapedius nuscle
reflexes elicited by homol ateral and contra-
| ateral stimulation increases significantly

the possibility of making a topical
diagnosis of a disruption of the reflex.
and’it helps in the diagnosis and |ocaliza-
tion of brain stem affections.

Johnson (1973) made use of the refl|ex
tests on Meniens syndrone and acoustic
neurone patients. ~He observed reflexes at
reduced SL in case of Mniers disease.

In the case of acoustic neurone he found
that there was a considerabl e decay of the
acoustic reflex on the affected side as
conpared to the nornmal ear. parently
acoustic reflex decay in acoustic neurones
occur_only when the hearing loss is
relatively mld in the affected ear. In
ot her cases of more |oss caused by acoustic
neurones, there is a conplete absence of
the acoustic reflex. It is of considerable
di agnostic significance if the nornal
reflex is elevated in the good ear with no
acoustic reflex present inthe affected

si de.

So far no study seens to have been done or reported
in India on inpedance audi onetry except a report by
Venkat eshanurthy.  The article deals wth the study
carried out by the author while he was working as
Conmonweal th Scholar at Royal Infirmary, Edinburgh, UK

The present study seens to be the first attenpt in
this area of research in India.



Ainical Application of |npedance Measurenents

The excellent reviewon clinical applications of
| npedance neasurements published in "dinical Audiology”
edited by Katz has been extensively made use of.

Acoustic |npedance as Measured in the Plane of the

Tynpani ¢ Menbr ane

|t has considerable variations. However, it is an
addi tional diagnostic observation which when used al ong
with other tests can be hel pful in diagnosing otosclerosis,
ossicular chain discontinuity, otitis nedia and ot her
i nflamat ory and chronic conditions of the mddle ear.
In general, acoustic inpedance at the tynpanic nenbrane is

1) l'ewer than normal with ossicular discontinuity

2) higher than normal with otosclerosis

3) very nuch higher than normal with acute
i nflammatory and chronic conditions of
the mddle ear (Lilly, 1972)

| | Acousti c Refl ex Measur enments

The reflex threshol d provides objective evidence of
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the supra threshol d hearing function.

The presence or absence of the reflex provides

i nformation regarding:

1) hearing sensitivity of neonates and young

3)

children (Terkildsen, 1960; Wdenberg,
1963; Robertson, Peterson and Lanmb, 1968:
Jerger, 1970, 1972; and Lilly, 1972).

t he exi stence and magnitude of functional
hearing | oss (Jepsen, 1983, 1963;

Thonsen, 1955a; Terkildsen, 1964; Lanb,
Pet erson and Hansen, 1968; and Lilly, 1972).

Conductive hearing | oss:

a) to differentiate between otosclerosis
or ossicul ar dlscontan|ty xglockhoff
and Anderson, 1959, 1960; derson
and Barr, 1971; Fl ottorp and
D upesl and, 1970; Jerger, 1970, 1972:
Li den, Peterson and Harford, 1970; and
Lilly, 1972)

b) to verlf the absence of conductive

| esi o ; tz, 1946; Thonsen, 1955b;
Klockho f and Anderson, 1959; Brooks
1963, 1969; Liden, 1969: Jerger,
1970, 1972: and Lilly, 1972)

fy h? presence of conductive

9
9
0
8 Ander son and Barr,



4) Sensori - neur al heari ng | mpai r ment :

a)

to verify the presence of recruitment

%Kr stensen and Jepsen, 1952: Metz,
952: Thomson, 1955b, 1955d:

Ewertsen et al, 1958 Li den, 1969

1970; A berti and Krlstensen 1970;
Jerger, 1970, 1972; Lilly, 1972;
and Anderson et al, 1970)

to verify the presence of abnorna
audi tory adaptation (Anderson et al,
1969, 1970; Al berti and Kristensen,
1970; “and Lilly, 1972)

to rule out the existence of

conductive lesions for patient with
severe sensorl-neural loss (Kl ockhoff
and Anderson, 1959; Kl ockhoff, 1961;
EggESnt and Skurr, 1966: and Lilly,

5) Neurotol ogy:

a)

t opo
to au
Thonse
Hol st ,
1970;
in
Wi t
€]
An
19
as an indirect nmeasure of chan?es | a
ockhof f,
, 1972)

|tor55nerve (Metz, 1946;

po graphlc | ocal i zation of |esions
O .
I et al i 963: Liden, et al,

fferential diagnosis_of patlents
brain stemlesions gJepsen 1963;
en and Rasnussen

son, et al, 1970; and Lilly,

di
th
ei s
der
72)

as atest for notor f
trigemnal nerve (Ko
Andersen, 1960; Kl oc
Li ndst r om and leen 1

1972)

1961;
64: and Lilly,
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e) test for facial paralysis (Mdsen
Manual ) .

Further, it may give information
regardi ng:

susceptibility to noise exposure

&vard, 1962: Becker & Kryter,
965; Johansson et al, 1967)

1) the identification of norma
hearing

______ carriers of genes for

ecessive deafness. . ... "
Ander son & Wedenberg, 1968)

‘
(

tenporary sunmation of the
audltorY systemfor pure tones.
(DO uperland & Zwi sl ocki, 1971)

i)

Tynpanonet ry

Tynpanonet ry neasures are useful regarding the follow ng

1) detection of the mddle ear fluid (Terkildsen and
Thomsen, 1959; Thonsen, 1961; Brooks, 1968;
Li den, 1969; A berti and Kristensen, 1970;
and Jerger, 1970).

2) finding the air pressure in mddle ear space (ibid)

3) scarring of the tynpanic menbrane (Terkildsen
and Thonsen, 1959; Terkildsen, 1964; and
Li den, et al , 1970)
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4) acoustic inpedance (Terkildsen and Thomson,
1959; Terkildsen, 1964; and Liden et al,
1970)

5) status of the Eustachian tube (Mats, 1953;
Thonson, 1955; Terkildsen and Thonsen,
1959; Ml ler, 1965; A berti and
Kriatensen, 1970; Johnson, 1973; and
Harford, 1973).



CHAPTER 111

METHODOLOGY

Subj ect's

frequency distribution of the subjects.

136 subj ect s were t est ed.

Table 1 gives the

Table 1
QG ou e Mean No. of No. of
Sl P AF!z“?mge Age subj ects ears
No
8. 65 7

1 3-14 yrs (boys) 6-14 13
? 5-14 yrs (girls) 6-13 8. 66 6 11
3 15-29 yrs (nales) 17-29 20.96 30 47
4 15-29 yrs (fenales)16-29 21.32 25 32
5 30-50 yrs (males) 30-49 38 16 30
%) Sensori - neur al 12- 56 20 14

| 0ss
7 Conducti ve | oss 18 28

ot her than

ot oscl erosi s
8 QG oscl erosi s 8 13
9 Mxed |loss 11 18
10 Functional |oss 1 1
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Apparatus and Acoustical Environnent of the Testing Roons

A calibrated audioneter (Anplivox 103 Audi oneter)
was used to obtain the pure tone thresholds. Pure tone
threshol ds were taken in a sound treated room

Madsen Z070 El ectroacoustic | npedance Bridge was
used in this study. To measure the acoustic reflex
t hreshol ds an audi ometer (Madsen portable) was used al ong
wi ththeinpedance bridge. Audi omet er was cal i brat ed
periodically using artificial ear and Bruel and Kjaer
equi pnent .

Madsen Z070 El ectroacoustic | npedance Bridge has
been described in detail by Jerger (1970). Only a
brief description of the bridge will be given here. The
apparatus consists of 3 main controls and a probe tip:

1) An air punp control which permts variation
of air pressure in the external audi-
tory neatus from-400 nm H0 to +400 mm H,Q.

2) A conpliance control which controls the probe
tone intensity in the external audi-
tory meatus (when the bal ance neter reads
zero the SPL in the external auditotry
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inos5dB).

3) Asensitivity control which is used to alter
the sensitivity of the bal anci ng nechani sm

4) Probe tip consists of 3 tubes - (I) tube
carrying air to vary the pressure in the
external auditory neatus, (2) tube carrying
the probe tone, and (3) tube collecting the
reflected sound energy fromthe tynpanic
menbrane and delivering to the probe
m cr ophone.

Pure tone threshol ds were taken in & sound treated

set up.

The noise levels in the test roomwere nmeasured by
Bruel & Kjaer SPL neter type 2203 with an Bruel & Kjaer
Qctavefilter set - 1613 and were as fol | ows: *

Table 2

Sound Pressure Level in the Sound Treated
Room usi ng Wi ghted Scal es

S . No. Scal e ggfrﬁe\/g' e Re:.0002

1 C 42
2 B 35
3 A 36
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Table 3

Noi se Levels in the Audiometric Room Measured
n Qctaves

Sl. Central frequency SPL | SO Specifi-

No. of the Chtave Val ue cations
Band in 1963
1 250 22 25
2 800 20 26
3 1K 18 30
4 2 K 15 38
5 4K 36 51
6 8 K 20 51

| npedance audionetry was done in a roomwhere the noise
| evel s were:

Tabl e 4

Sound Pressure Levels in the Sound Treated
Room usi ng Vélgh d Scal es

9 No. Scal e SPL Values in dB

re: 0.0002 dyne/cnt
1 56
C 48
3 B 44

A
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Tabl e 5

Sound Pressure Levels at various Frequencies

SI. Central Frequency of SPL values in dB
No. L?e (ctave Band 1a re: 0.0008 dyne/

1 125 38
2 250 40
3 500 A4
4 1K 40
5 2K 30
6 4 K 36
7 8 K 29

Test Procedure

Prior to inpedance audionetry all the subjects were
exam ned by an ENT specialist. And they were given pure
tone audionetric test for both ears.  Hughson - \Westl| ake
was used in obtaining the thresholds. Later all the
three neasures of inpedance audionetry were done on all
the subjects. A few subjects were selected randonly and
tested for acoustic reflex at varying pressures in the
external auditory meatus.
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The subjects were asked to sit relaxed and they were
instructed not to swallow during the test and not to jerk
the body.

Air tight seal between the external auditory canal
wal | and the probe tip was a problem This problemwas
sol ved by using petrolliumjelly. Care should be taken
to see that the probe openings will not get snmeared with
petrolliumjelly. Even with petrolliumjelly air tight

seal was not possible for all ears.

Procedure for tynpanonetry

Usual | y tynpanonetry curves are drawn by using an
X-Y plotter. The graphic record of pressure conpliance
relation is called "Tynpanogrant. Due to the non-
availability of the X-Y plotter, the follow ng procedure

was designed to obtain the tynpanograns.

1. Sensitivity control was set to position 1

2. Punp control was rotated until the

manonet er read -400 nm H,O.

3. At this pressure the conpliance control was

adjusted until the bal ance nmeter was null ed
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and the conpliance reading on the conpliance
scal e (in equivalent volunes in cc) was
recor ded.

4. Pump control was rotated until the manoneter
read -360 nm H,O. At this pressure
conpliance control was adjusted to null the
bal ance neter (if required) and the
conpl i ance reading on the conpliance scale

was recor ded.

This procedure of varying the pressure in steps of
40 mm H,0O (except around zero mm HO pressure wherein
20 nm H,0 step was used as there was greater variation
I n conpliance around zero mm HO pressure - because,
m ddl e ear pressure of normals [ie around 0 nmHgO) was
repeated until the manometer showed +200 nm HgO.  Each
time the pressure vas varied, the bal ance neter was
nul l ed by adjusting the conpliance control and the
correspondi ng reading on the conpliance scale was recorded.

M ddl e ear pressures of the subjects were determ ned
by tynmpanonetry. Maxi mum conpl i ance results when the
pressure inthe mddle ear space and external auditory
meatus are equal. By varying the pressure in the
external auditory neatus maxi numconpliance was determ ned.
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The pressure at which the maxi num conpliance resulted vas
considered as the mddle ear air pressure of the subject
(when the pressures are equalized on both sides of the
tynpanic menbrane, it will be inits normal position and
hence it will be maximally conpliant).

By using two conpliance values i.e., (1) the mninmm
conpliance (C;) recorded and (2) the conpliance value ()
obtai ned at +200 nm HO pressure, the static conpliance
(Cs) for the subject vas conputed:

G = G : G

Anal ysi s of the tynpanograns showed three patterns
of pressure conpliance relation. The three patterns were

1) Maxi mum conpl i ance around 0 nm HgO (A type)

2) No change in conpliance as pressure vas
varied (Btype) - and

B) Maxi mum conpliance at negative pressure (nore
than -100 rm HJO - C type)

These patterns resemble A B C tynpanonetry curves
reported by previous investigators. (Liden, 1970;

Jer ger, 1970).



Procedure for obtaining acoustic inpedance at the
t ynpani ¢ nenbr ane

The procedure given in the Manual (Mnual of Madsen
El ectro- Acoustic | npedance Bridge Model Z070) published by
Madsen El ectronics) was fol | owed.

Acoustic Inpedance is given by the fornula:

Zx = /21 72
/1-72

wher e

Z; was determned when the air pressure in the
external auditory neatus was set at
100 mm H,0.

Z, was determned at that pressure when the

t ympani ¢ nenbrane was maxi mal |y conpliant.

Procedure for obtaining acoustic reflex thresholds

The procedure given in the Madsen Manual was
fol | owed.

Air pressure in the external auditory meatus was



adjusted to mddl e ear pressure.  Sensitivity contro

was set at "3" position and the bal ance meter was nail ed.
Tone fromthe audioneter was given to contralateral ear
(the ear opposite to the ear to which probe device is
fitted). Tone was varied using ascendi ng descending
procedure, and the lowest level in dB. required to elicit
the detectable deflection in the balance meter by the
acoustic reflex was noted as the acoustic reflex threshold.
Acoustic reflex thresholds were obtained for follow ng
frequenci es using the above procedure!

250 Hz

800 Hz
1000 Hz
2000 Hz
4000 Hz
6000 Hz
8000 Hz

Sone procedure was used to get the acoustic reflex
threshold at -100 nm H,0 and +100 nm H,O pressure in the
ext er nal auditory neat us.

A few normal subjects fromthe original sanple were
randomly selected and they were tested to find out the
test-retest reliability.



CHAPTER |V

RESULTS AND DI SCUSSI ON

The fact that inpedance audionmetry is useful only
as a conplete battery and that its diagnostic val ue
Bust be based on the results of tynpanonetry, acoustic
| npedance and the acoustic reflex, it is quite essentia
to know the nornative data on the inpedance measures.
However, the reported results showthat there is a
consi derabl e overlap between the inpedance distributions
of normal and abnormal mddle ears. The analysis of the
results of the present study is aimed at finding the
distribution of inpedance neasures in normals and a few
pat hol ogi cal ears. The results are presented in two
parts: The first part deals with the statistical data on
the distribution of the inpedance neasures.  The second
part deals with a fewcase reports.

Tynpanonet ry

Table 6 gives the values of mean pressure compliance
for the following 6  groups:

1. Boys (5-14years)
2. QGrls (5-14years)
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3. Males (16-29 years)
4, Femal es (15-29 years)
5. Males (30-60 years)

6. Sensorineural hearing |oss

Usi ng pressure conpliance values mddl e ear pressure,
difference in conpliance between -400 nm H0 and +200 nm
HO pressures, and static conpliance have been conputed.
The results are given in Table 7 for the nentioned 6
groups.

Table 7 al so provides the acoustic inpedance data for
the mentioned groups.

Pig. 11 represents the nean tynpanonetry curve for
boys (13 ears) of normal hearing in the age group 5-14
years. The naxi numconpliance occurs at two nmean pressure
Val ues: -40 mm H,0 and +20 mm H,O0. The probabl e
expl anation for two val ues of maximum conpliance is due to
the variation inthe mddle ear air pressure which ranges
from-90 to +20 nmH,0, with a nean of -26.92 nm H,0 and

standard deviation of 40.49.

Fig. 11 shows the nean tynpanonetry curve for girls
(11 ears) of normal hearing in the age range 5-14 years.
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The maxi mum conpliance occurs at -40 mm H,O. The mddle
ear air pressure for this group ranges from-200 nm HO
to +10 nm H,Owith a nean of -72.72 and SD of 52.93.

The static conpliance ranges from.25 cc to .83 cc wth a
mean of .49 cc and a SD of . 20.

Fig. 12 indicates the mean tynpanonetry curve for
mal es (47 ears) of normal hearing in the age group 15-29
years. The maxi mum conpliance occurs at 20 mm H,O. The
m ddl e ear pressure ranges from-60to 60 nmHO wth a
mean pressure of 7.02 mm HO and a SD of 23.13.

The nmean tynpanonetry curve for females (32 ears)
with normal hearing in the age range 15-29 is shown in
Fig.12.  The naxi mum conpliance occurs at 0 nm HgO.

This group has a mddl e ear pressure range of -20 to 40 mm
HO and has a nmean and SD of 2.50 and 2.63 respectively.

The mean tynpancaetry curve for males (30 ears) wth
normal hearing is represented inthe Fig. 13.

For this group at +20 mm H,O nmaxi num conpl i ance
occurs. The variation in the mddle ear pressure is
from-20 to +40 nm H,0 .  The mean pressure and SD are
12 mmHL,0and 25.6 respectively.
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Sensori-neural hearing | oss group shows maxinum
conpliance at +20 nm H,O (Fig.14). The mddle ear
pressure variation is from-80 to 40 nrmHgO.  The nean
and SD of mddle ear pressure for this group are 8.18 nm
HgO and 27.76 respectively.

Al'l the above groups show A type tynpanonetry curve.
This agrees with the published reports that the normal
ears exhibit A type tynpanonetry curve.

Table 6 gives the mean conplicance val ues at various
pressures for all the nentioned 6 groups.

Tabl e 8 reveals the frequency distribution of the
ears exhibiting different static conpliance val ues.
Statistical significance of the difference between the
means with regard to static conpliance of the groups:

1) 5-14 years Boys and Grls
2) 15-29 years Males and Fenal es
3) 15-29 years males with 30-50 years nal es

has been computed. Table 9 gives the results.

The results showthe foll ow ng:

1) There is no significant difference in conpliance
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Tabl e 9 showing statistical significance of the

di fference between the neans with regard to

conpl i ance acoustic i npedance and m ddl e

ear pressure

5-14 yrs. Boys and 5-14 yrs. Arls

| mpedance

SD=22.66. 3
SED = SD N1+ N2
NIN2

= 2266.3 24 0.16
143

There is significance difference at 0.05 & 0.01 |evels.

Compl i ance

SD = 0. 26

SED = SD N1+N2
N1N2

= 0.26 0.16 = 0.10


TCI3
SD

TCI3
N1+

TCI3
N2

TCI3
SD

TCI3
N1+

TCI3
N2
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t = 0.13 = 130
— 0. 10—

No significant different at both 0.05 and 0.01 |evels.

M ddl e Ear Pressure

SD = 46.96
SED = 18. 62

t =45.80 = 2.45
18.62—

There is significant difference at 0.05 | evel and
not 0.01 level.

15-29 yrs. Mles and 15-29 yrs. Fenales

| npedance

= 22572.34 + 34322

= 56894. 34

= 238.55

3
o

23266Na Qi &% ficant difference at 0 05 | evel
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Conpl i cation

D = 0.011

0.010

There is significant different at 0.05 and 0.01 |evels.

M ddl e Ear Pressure

No significant difference at 0.05 |evel.

15-30 yrs. Males and 30-50 yrs. Males
D = 2733
CR =938 = 0.34

2733
There is no significant difference at 0.05 |evel.

Compl i ance
D = 0.069

R = 02 = 377
0. 069
There is significant difference at 0.05 and 0.01 levels
Mddle Ear Pressure
D=05.76
4.98 = 0.86

5.76

No significant difference at 0.05 |evel.
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at .05 and .01 levels for the 1st group indicating no sex
difference in this age group. This agrees w th Brooks
(1971) study that "variability in conpliance is at its
absolute mnimumin both sexes in the age range 4-11
years."

2) There is significant difference in conpliance at
.05 and .01 levels for 2nd group, indicating sex
difference for conpliance. This agrees with the studies
of Zwi sl ocki and Fel dman (1969), Bicknell and Morgan
(1968), and Jerger (1972).

FromTable 8 it is evident that mal es show hi gher
compliance than females. 38.29%of the ears of nale
group show a conpliance of .8 cc, whereas 28. 12%of the
ears of female group show a conpliance of .6 cc. This is
in agreenment with Bicknell and Mrgan (1968) study.

3) There is significant difference in conpliance at
.01 and .05 levels for the 3rd group, indicating age
difference with regard to conpliance.

FromTable 8 it is clear that ol der age group
(30-50 years) shows |ess conpliance than the younger age
group (15-29 years). 53.33%of the ears of the ol der
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age group show a conpliance of .4 cc and 38.27%of the
ears of the younger age group show a conpliance of .8 cc.
This is an agreement with the study of Jerger et al (1972).

Further the mean values, for older age group .45 cc,
for younger age group .71 cc, also indicate the decline
in conpliance as a function of age.

Fig. 15 illustrates the distributions of conpliance
for the 6 groups.

An interesting significant factor emerges fromthe
Fig. 15, the average conpliance and the variance in
conpliance are nore with females than with males.  This
finding is incontrary to Jerger's (1972) report that
". . . .\Wnen consistently showa | ower average conpliance
and has variance than men at all ages".

Table 10 illustrates the frequency distribution of
m ddl e ear pressure values for the normal mddle ears of

the nentioned 6 groups.

Acoustic | npedance

Table 7 illustrates the inpedance val ues of nentioned
Si X groups.



TABLE 10

Frequency distribution of mddl e ear pressure values for normal mddle ears of the 6 groups

Middle ear O-14 yrs 5-14 yrs 15-29 yrs 15-29 yrs 30-50 yrs Sensori Neu-
essure Boys Girls Males Females Males ral loss
mm Ho0 No.of $of No.of $of Noof Sof WNo.of fof No.of HSof No.of %of
ears ears ears ears ears ears ears ears ears ears ears ears
-lm md - - 1 9.@ - - - - - - - -
above
«-100 1 7.69 2 18.18 - - - - - - - -
- 80 2 15.38 2 138.18 - - - - 1 3.33 2 2.09
- 60 2 15-38 3 2?.2? 2 4.25 - - - - - -
- w 1 7.” 8 18.18 1 3-12 - - - - - -
- 20 3 23,07 - - 6 12.76 6 18.75 3 10.00 2 9.09
0 3 23.07 - - 15 31.91 16 50.00 7 23.33 6 27.27
20 - - 1 9.09 16 34.04 9 28.12 10 33.33 5 22.72
40 - - - - 6 12.76 1 3.12 9 30.00 7 31.81
60 - - - - 1 2.12 - - - - - -
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Fig. 16 represents the distributions of the acoustic
| npedance for the 6 groups. The verticle box enconpasses
the whol e range of the inpedance distribution. The
solid horizontal bar in the box is the nean inpedance
value. Fromthe Fig. 16 it is evident that the girls
(5-14 years) group shows naxi mumnean inpedance and wi der
variation than the other groups. This group shows a
variation from 1610 to 10782 acoustic ohnms.  For the
younger age groups (5-14 years Boys and G rls) high
| npedance scores are consistent wwth the 'B type tynpano-
grans.  The occurrence of high inpedance val ue consi stent
with 'B type tynpanogramis in agreement with the
findings of Jerger (1970).

FromTable 7 it can be inferred that the adults of
normal mddle ears will give inpedance scores in the
range from 632-5840 acoustic ohns.

This finding has greater range to that of Jerger's
(1972) reported range of inpedance scores for nornal
m ddl e ears (800-4200 acoustic ohms).

Table 11 gives the frequency distribution of acoustic

| mpedance for different groups.



TABLE 11

Frequency distributation of acoustic |npedance for the normal ears of 6 groups

5-14 yrs 5-14 yrs 15-29 yrs 1529 yrs 30-50 yrs Sensori Nen-
11:1) :g;:g: :r Girls ’ Males Females - Males ral Loss

tic ohms WNo.of % of No.of f%of WNo.of Sof WNo.of Sof WNo.of %of No.of % of
ears ears ears ears ears ears ears ears ears ears ears ears

500 and - - - - - - 1 3.12 - - 1 4.54
below

600 - - - - - - - - . L. 5 s i
900 - - - - 4 8.50 3 9.37 2 6.66 1 4.5
1200 2 15.38 < - 9 . 19.14 4 12.50 3 9.99 2 9.09
1500 - - - - 11  23.40 3 9.37 - & 2 9.00
1800 3 23.07 2  18.18 5 10.63 4 12.50 92 a6 2 9.00
2100 - a 2  18.18 3 6.38 3 9.37 1 3.33 3 13.63
2400 2 15.38 - - 3 6.38 4 12.50 2  6.66 4 18.18
2700 1 7.69 - “ 2 4.25 3 9.37 & 16.866 - -
3000 1 7.69 - - 5 10.63 3 9.37 2 6.66 - -
3300 1 7.69 1 9.09 - - - - L S8 e -
3600 2  15.38 - - 2 4.25 - - S . A o
3900 - - 1 9.09 1 2.12 1 3.12 1 3.33 2 9.0
4200 - - - v - - 1 3.12 1 3.33 1 4.54
4500 a 7.69 - - 1 2.12 1 3.12 4 13.33 1 4.54
4800 . . “ - . A - - 1 3.3 1 4.54
5100 & above - - 5 45.45 1 2.12 1 3.12 1 3.33 2 9,00
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Table 9 gives the results of statistical significance

of the difference between the neans of the groups with

regard to acoustic inpedance.

Fromthe results, the follow ng are apparent:

1)

there is significant difference between girls
and boys with regard to acoustic inpedance
indicating sex difference in early age

groups (5-14 years). The forner groups
shows hi gher inpedance than the latter.

there is no significant difference between
mal es and fenales for the same age group
(15-29 years).

there is significant difference between two
mal e age groups viz., 15-29 years and 30-50
years indicating age difference wth

regard to acoustic inpedance.

The ol der group shows higher inpedance than the

younger

group. This is in agreenent with the conpliance

results that it declines with age.
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Acoustic Refl ex Threshol ds

The reflex threshold data: Mean, range, number of
ears and percentage af ears responded far different
frequencies of the 6 groups, 5-14 years boys, 8-14 years
girls, 15-29 years nal es, 15-29 years femal es, 30-50 yeard
mal es and Sensori-neural Hearing Loss, are giveninthe
Tables 12A, 12B, 12C, 12D, 12E and 12F respectively.

Tabl e 12A shows that 100%reflex response is
observed for frequencies 1000 and 2000 Hz only.  The
mean range for acoustic reflex threshold for this group
Is 72.27 to 83.08 dB sensation |evels

Table 12B al so shows that 100%reflex response is
observed at 1000 and 2000 Hz only. The nean range of
acoustic reflex threshold for this group is 75 to 92.73
dB sensation |evel.

Tabl e 12C indicate that 100%reflex is observed at
3 frequencies: 500, 1000 and 2000 Hz.  This group has
mean acoustic reflex threshold range of 86.07 dB sensation

| evel .

100%reflex is observed for 5 frequencies 250-4000 Hz
with female group (15-29 years) - Table 12D.  The nean
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acoustic reflex threshold range is 69.57 to 85.37 dB
sensation | evel.

Mal es (30-50 years) group shows 100%refl ex response
for frequencies 500, 1000 and 2000 Hz.  Their nean
acoustic reflex threshold ranges from64.25 to 76.26 dB
sensation level. (12E).

Tabl e 12F shows that 100%reflex is not present
inany frequency. This is quite reasonable as the
results belong to sensori-neural loss group.  The nean
acoustic reflex threshold ranges from 12.5 dB sensation
| evel to 44.58 dB sensation level.  The upper nmean
limt of this range is well belowthe [ower limt for
the nornal groups.

Table 13 gives the detailed acoustic reflex
threshol d data obtained for this sensori-neural hearing
| 0oss group.

The above findings suggest the inportance of
vari abl es such age and sex while considering the acoustic
| npedance neasur es.
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Tabl e 12A-F. Show ng Mean, and Range of Acoustic Reflex
Threshol d. and Nunmber of ears and percentage

of ears responded

Table 12A  5-14 yrs. Boys No. of ears - 13

Frequency in Hz

250 800 1000 2000 4000 6000 8000

No. of 5 1
ears

responded 11 11 13 13 7

%of ears

responded 84.61 84.61 100 100 53.84 38.46 7.69
Mean indB 72-2778.08 83.08 81.93 81. 43 79 80

Range in 65-90 65-95 70-95 70-90 75-90 65-85
dB

Table 12B  6-14 yrs. Arls No. of ears - 11

Frequency in Hz
250 500 1000 2000 4000 6000 8000

No. of 1

ears res- g

ponded 10 11 11 5 0
% of ears 0

Mean i ndB 75 84.50 89.10 92.73 92.00 80 0
RangeindB 70-80 75-95 75-95 80-110 85-105
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Table 12C 15-30 yrs. Ml es No. of ears - 47

Fr eguency in H
250 500 1000 2000 4000 6000 8000

No. of
ears res-
ponded 44 47 47 47 44

%of ears
responded 93.61 100 100 100 93.61 53.17 29.78

Mean indB 77.05 77.97 86.20 79.25 83.30 36.07 80.36

Range in
dB 60-90 65-95 70-100 60- 100 70-100 65-90 65-90

Tabl e 12D 15-30 yrs. Fenal es No. of ears - 32

Frequency in Hz
250 600 1000 2000 4000 6000 8000

No. of

ears res-

ponded 33 38 2 32 32 12
%0f ears 100

r esponded 100 100 100 100 53.12 37.50

Mean in dB 69.57 80.00 85.37 78.91 82.81 79.11 80.41

nge in
5% J 65-90 60-95 75-110 65-100 70-95 70-90 75-85
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Table 12E 30-50)yrs. Ml es No. of ears-30

Frequency in Hz
500 1000 2000 4000 6000 8000

No. of

ears res-
ponded 27 30 30 22 16 13 13

%of ears
r esponded 90 100 100 100 53.33 43.33 43.33

Mean in dB  64.25 69.80 68.44 67.17 74.55 76.26 70.05

Range in
46-75 50-85 60-85 60-85 66-85 60-80 60-80

Tabl e 12F Sensori-neural loss No. of ears - 22

Frequency in Hz
880 500 1000 2000 4000 6000 8000

No. of
ears res- 5
ponded 11 12 12 11 6 3

%f ears
responded 50 54.54 54.54 50 27.27 9.09 13.63

Mean in dB 36.37 39.59 44.58 39.54 31.36 12.50 25

Range in
dB J 20-75 25-65 25-85 5-65 20-50 0-25 5-45




N, Age RTPT ° rr P pRrr P DRT pr DRT PT® RT PT rT FT D
1 12 85 10 75 90 30 60 95 30 65 90 25 65 MR

2 14 — MR NR105 — NR 95 — NR 85 _ NR 8 — NR» — N 80
3 18 80 60 20 85 60 25 90 65 25 85 65 80 90 70 20 80 80 O 85 80
4 18 R 90 — NR 95 — N 8 — NR 90 — NR 95 NR NR 105 NR R
5 18 90 65 25100 60 40 110 65 45 — 75— — 70 — 75 — 70
6 20 NR 80 NR 90 — NR 95 — NR110 — N 110 — NR 110 NR

7 29110 35 75110 45 65 110 45 65110 45 65 NR 40 — NR 70 NR 80
8 32 75 40 35 75 50 25 95 60 35 105 8025 MNR105 NR 105 NR AR
9 35 65 40 25 70 35 35 90 45 45 80 60 30 85 55 90 NR 75 NR 60
10 38 NR 25 — 100 20 80 110 25 85100 25 75 NR 30 — NR 40 NR 40
11 41 NR 60 — NR 80 — NR 8 — NR 90 -— NR105 — NR __ NR
12 45 90 70 20 95 60 35 80 55 25 75 705 100 75 25 NR 9O NR 90
13 33 NR 40 — NR 35 NR NR 40 — NR 45 - N 75- MR NR —
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| npedance Measurenents in Pathol ogi cal G oups

Suspected QG osclerosis:- Qosclerosis was suspected

on the basis of famly history, ENT findings, audiogram
and ot her investigations (Appendix 2). Table 14A gives
the results of conpliance at various pressure val ues for

18 ears (9 cases).

The results show A type pressure conpliance relation
(A type curve) except for 2 ears which show B type (No.3
and 4 in Table 14A).  The maxi numconpliance at mddle
ear pressures appears to be |ess than that of the nornals.
An average static conpliance for this group is .34 cc
(Table 14B) where as the normal group around sane age
range has an average of nore than 0.7 cc.

Tabl e 14B shows the acoustic inpedance findings for
the group (9 cases, 16 ears). It ranges from1l74to
7652 acoustic ohns and has a mean val ue of 4060 acoustic
ohns which is well above the normal mean value for the
sane age group (Mean for males = 1848 acoustic ohns and
Mean for females = 2013).

Acoustic reflex was absent in all these cases.
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Tabl e 14B

| npedance, Static conpliance, Mddle ear pressure, Dffe-
rence and Reflex values for suspected Gtosclerotic Ears

. Cas
ﬁo. No. 241 Z, # G c, G M DM Reflex

1 2838 860 720 4422 1.52 1.34 0.28 20 0.14 Absent
825 660 3300 1.44 1.19 0.25 20 0.13
3 20935 800 720 7200 1.74 1.59 0.15 O 0.23

4 640 690 7552 2.20 1.95 0.25 O 0.35
5 8055 530 470 4151 1.98 1.80 0.18 -40 -0.02
6 640 530 3083
6738 650 580 5385 1.80 1.58 0.22 80 0.17
6523 550 475 3483 2.30 1.83 0.47 0 0.50
9 2414 820700 4783 1.43 1.25 0.18 20 0.07
10 850 740 5718 1.58 1.38 0.20 20 O
11 2876 750 690 6625 1.50 1.37 0.13 -20 0.03
12 790 620 2881 1.70 1.32 0.38 -40 0.08
13 6839 630 430 1354 2.35 1.79 0.56 40 0.01
14 630 410 1174 2.65 1.63 1.02 0 0.07
15 7100 825 600 2200 1.70 1.25 0.35
16 1080 650 1032 1.55 0.96 0.59
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Conductive Loss

25 conductive loss ears (15 cases) have been tested.
The data are given in Tables 15A and 15B.

Pressure conpliance relation is represented in
Table 15A. 4 ears (4, 8, 8 and 9 in Table |ISA) show
Bt ype pressure conpliance. The remaining ears show
A type pressure conpliance relation.

A point of interest with regard to A type preaaure
conpliance relationis that Atype innornmals is
characterized by slight decrease in the beginning and
gradual increase in conpliance up to a maxi mum around
at nospheric pressure and gradual decrease as the pressure
s varied from-400 mm H,O to +200 nm H,O, whereas the,
conductive and M xed | oss ears show a slightly different
"A type characterized by a greater anmount of decrease in
conpliance extending for greater pressure range, gradually
I ncreasing around atmospheric pressure and gradua
decrease as the pressure is varied from-400 to +200 mm Hy

It is apparent fromTable 15B that there is a w de
variation in inpedance for this group. As this may be
due to heterogenous group.



107

BT ¢ 6¢ X< DT @&E WBE WE W &< S 8¢ 8¢ 8¢ ®? X7 X2 X2 I
&GT| OT| DT WOT ®T LT OT OT ZT| LT BT BT BT W W 0 WT BT G
PT| LT ET W0 €2 ¥ O0E 002 BT BT UT DOT DT 9T DT DT BT BT T
VT BT H9C <7 W7 WBWE 0S T W €7 ®@Z €2 We T2 otz 002 BT BT €I
BT D¢ 002 8¢ K¥C P WC e & 612 92 #©2 01z 002 D 02 DC 02
BT BT WZC 002 02 082 €T kT &Z N AZ 07 VI 7 02 07 ez 0 TII
PT| BT AT BT 6T 07 DC 02 %BT| BT BT 8T BT 6T &T &T BT BT 0T
T &T €T £T &€T &I T 0T €T £T &£T &I €T WI WI WT &T| WwT 6
BT T T &ZT &T XT #€T €T &T €T T &T &T| &T €T £T £T €T 8
T &€T| LT T 18T BT OT WT &€T &T LT LT €T &£T &T O®T WI &1 L
€T €£T| WT| &T T LT BT &T T PT FT &I &T 6T ST ST ST ST 9
B0 /80| 80| GO 10 B0 HO| 60 B0 B0 60 0 %0 0 WT T WT DT §
B0 0| %0 /60 660 0T WT 0T T OT DI VT DT 0T OT OT TUT AT V
VT LT 8T BT WZ D DT BT BT BT TBWI| BT BT BT BT BT BT BT €
T BT BT 06T T W02 a2 8¢ &Z 02 BT BT BT BT BT BT 6T 6T ¢
6T WT 9T LT 8T $T &2 002 VT LT T UT 9T UT ZT ®wT LT LT T
0c 0r O0I 0B o 0 0 0 O (Oe- 0I- 090- 00C- Owg- 082- Ocg- 0%€-  QOv- "ON

dno H SSO7 8A119NpUQD J0J San [eA daue | [due) 9.nNSSa

VST ° lIgelL



Sl.

N Z Z Z. & ¢ & M Dff. Reflex
1 650 490 1990 2.22 1.59 0.63 0O 0.18 Absent
2 580 480 2784 2.18 1.77 0.41 -20 0.22
3 590 520 4382 2.06 1.74 0.32 20 0.22
4 B type conpliance relation - very high inpedance
5 - do- - do-

6 770 560 2053 1.75 1.36 0.39 20 0.19 Absent
7/ 780 630 3276 1.65 1.32 0.33 20 0.10

8 850 760 7177 1.34 1.21 0.13 0 0.15 "
9 790 710 7011 1.43 1.31 0.12 O 0.13

10 630 520 2978 2.04 1.65 0.39 20 0.16

11 530 320 807 2.68 1.91 0.77 40 0.09 Present

12 525 275 577 2.80 1.95 0.95 O 0.07

13 530 200 321 5.00 1.85 3.15 0 0.07 Absent

14 600 330 733 3.10 1.65 1.55 O -0.03

15 670 600 5742 Btype T curve

16 535 250 469 3.80 1.95 1.45 0. 30 Absent

17 550 200 314 5.00 1.36 3.14

18 600 300 600 3.41 1.71 1.7/0 O

19 825 500 1269 2.03 1.23 0.80

20 820 620 2542 1.65 1.25 0.40

21 580 510 4225 2.00 1.76 0.25

22 375 275 1031 3.80 2.67 113

23 350 275 1283 3.80 2.90 0.90
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This groupshows no reflex - is usually expected.

M xed Loss

Tabl e 16A gives the results of conpliance at
different pressures for 18 ears (11 cases). Qut of 16
ears, 12 ears show A type pressure conpliance relation
(Maxi mum conpl i ance around atnospheric pressure). 3 ears
Serial Nos. 4, 5 and 10 in Table 16A) snow B type
pressure conpliance relation(al nost same conpliance at
all pressure values or gradual slight decrease in
Conpl i ance fromnegative pressure to positive pressure)
and one ear (Sl.No.11) shows C type pressure conpliance
relation (maxi mumconpliance at negative pressure).

Data of acoustic inpedance and other results are
shown in Table 16B.  The average inpedance of this group
I's 4669 acoustic ohms and the average conpliance is

+ 3 CC.
In all the ears the acoustic reflex was absent.
Fig. 17 shows the distribution of acoustic

| npedance for nornmals, otosclerosis, Mxed |oss and
Sensori-neural |0ss groups.



110

86 T/ 00°2 0T°2 922 2€'2| og 7 S22 222 L1°2/0T 2 ¥0z 10 2 00200 €00 /00 ¢ o0z 00°Z 8T
99T/ 0L T/ €L°'T 92T/ 08T z8'T ¥8'T L8°'T 06°T|96 T €0 ¢/ ST 2 2€ ¢8S ¢SV '¢8T 'C 20 2|66 T LT
/9°T/0L°T 9L°T €8°T 6T ST'Z 0T 04T ¥8'T T8 T 08°T 08 TT8 TT8 TT8 TT8 T €8T ¥8'T 9T
qAT AT ZT XT &T €T ®©T @T BT BT BT kT @1 €T €T €T KT &ZT S
SIT T T @T &T %T KT @1 KT 6T 67T 6T &T ®T BT T &1 ®T 1
BT €T €T ¥T ST T £T €T €T &T &T €T €T €T €T €T LT OT €
RT BT BT 67 D 00C DT 6T 6T BT BT BT 6T HT BT BT HT BT
GT KT €T LT 0T ®T AT ©OT HT 27T 8T #T CT 9T 9T DT BT RT T
6T &T 6T DT AT @T DT DT JT &1 ®T AT BT ®T @®T ®T| DT HT 0T
&T T €T %T 06T HOT &T €T €T BT BT BT €T &T €T €T €T £T| 6
&T ST T BT BT LT 9T 6T 6T 6T ©®T BT DT N7 DT DT OT ©OT| 8
XT €T XT LT LT €T €T €T ET €T &T KT £T XTI ®T ®©T XTI K|/
€27 €2 %®T e ®T KT KT KT 612 AT SI¢ €7 €7 AT g 9q¢| AT FqC| 9
T QT WT T T «T LT T «T LT %T ¥T ¥T 4T «T BT BT BT|§
€T &T ¥T &T KT KT ST &T ST ST ST KT ST €T ST &T BT DT ¥
€T €T LT WI HT &7 &T BT %T &T &T Wl ¥T #T &1 &T &1 &T| €
ST &T ©T ZT BT 0 €7 A7 %BT BT &T #T LT T ®T OT OT QT ¢
OT #©T ®T LT BT BT 107 87 BT BT BT 4T «T LT LT #T LT KT | T
0c 0T G OB O 06 0 0- Oy 08- OZl- 090 O0- O~ 082~ Oce- 09€- OO~ "ON

dnop pax |\ Jo) senen aoue | jduq) 9.InSSs

Vo1

oldel



1l

Tabl e 16B

DT erencs values for M xed Loss Group Pressure and
p

Sl. VP .

o, 2 Z, Zx C C, Cs Dff. Reflex
1 640 500 2285 2.18 1.61 0.69 20 0.17 Absent
3 670 470 1574 2.23 1.53 0.70 o 017

4 670 475 2146 2.15 1.67 048 20 o0.17
4 775 650 4030 1.58 1.33 0.25 0 0.19

725 670 8831 1.56 1.39 O0.17 20 0.25
620 565 5389 1.78 1.65 O0.13 40 0.18
460 420 4830 2.44 2.23 0.21 80 -0.07
8 840 750 7000 1.31 1.22 0.09 40 -0.01
9 675 495 1856 1.93 1.52 0.41 40 +0.17

10 790 670 4410 1.64 1.29 0.35 20 0.08

11 630 590 9292 Btype T curve

12 650 550 3575 1.83 1.55 0.28 -120 0.07 Ctypecurve

13 550 490 4491 2.10 1.85 0.25 20 0.13 Absent

14 780 640 3565 1.56 1.31 0.25 40 0.09

15 890 750 4767 1.36 1.15 0.21 20 0.09

16 880 780 6864 1.23 1.16 0.16 40 0.09

Total Inpedance = 74704

Average = 4669

Total Gnpliance = 4.53

Average = 0.30
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Case Reports

Case (7096) - M. C, aged 23 years, having cleft
palate was tested.  The Inpedance measures were suggestive
of mddle ear fluid. This was later confirned by x-ray
I nvestigation.

Z, was measured at various pressures as mddl e ear
pressure coul d not be exactly neasured.

Zl = 700
Z, aa 100 m HO = 670
o " " = 640
-100 " " = 610
-200 " " = 590
-300 " " = 570
-400 " " = 520

Fig. 18 represents B type tynpanogram of the case.

No acoustic reflex was present at all frequencies.

On ENT exam nation, M. S (8010), aged 22 years,
showed the following for the right ear:
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Appearance of the tynpanic nenbrane

There is not nuch bulging of the drum
Slightly congested

Shiny - reddish

Li ght reflex absent

Lateral process of malleus prom nent
Fluid level not seen

Case history reveal ed:

Frequent attacks of cold
Ful I ness in the ear
Tinnitus

Loss of hearing

Pai n not much marked

No discharge

Audi ogramwas found to be unilateral (right) conductive
| OSS.

Pressure conpliance rel ation showed Btype. Acoustic
| npedance determned using three values of Zy:

Zl = 1150
Z, at 0 = 1075 Z
-100 = 1040

-200 = 1010
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Refl ex was absent at all frequencies for this ear.

The results were suggestive of serousotitis media.
This was confirned by nyringotony.

Agirl (8029), aged 11 years, was tested. ENT
exam nation reveal ed adenoid growh. Hearing was wthin
normal limts. |npedance neasurenents shoved the

following for right ear.
C type tynpanogram - Fig. 19
Acoustic inpedance - 11650 acoustic ohns

Acoustic reflex was present at 4 frequencies:

Left R ght
PT RT FT RT
280 20 85 20 90
800 15 90 20 98
1 K 15 95 20 95
2 K ° 90 15 90

Functional Hearing Loss

A 35 year old female (Case No.7054) reported at the
Institute with a conplaint of sudden hearing |oss
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bilaterally (since 4 daya), after an attack of flu and
severe headache.  ENT findings reveal ed nothing abnorna
except for her hearing | oss.

Psychol ogi cal evaluation reveals |Qof 124
(Performance tests). During the interviewwth the
patient it was observed that the patient was preoccupied,
as if she was depressed - the caseisa second wife. She
has step children and she has no issues.

Speech evaluation shoved no apparent defects:

N-eurol ogi cal examnation report is as follows:

1) To focal neurological deficit to account
for sudden | oss of hearing

2) CV.S. - NAD.
3) suspects - functional hearing |os%

Radi ol ogi cal eval uation -

Pure tone audi onetry showed no responses for all the
frequencies in the left ear, and responses at maximm

| evel s were observed in the right ear ( 280 - 90 dB
500 - 110
1000 - 110
2000 - 110

4000 - 110)
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Lambard test was admnistered and the reflex (slight
raise in her voice) occurred when the noise level was aboat
100 dB.

| npedance audi ometry: acoustic reflex was observed
inthe right (tone to left ear). The reflex thresholds

are:
Right ear - 250 Hz - 90 dB
500 Hz - 85
1 K - 80
2 K - 85
4 K - 90

On the basis of audiological evaluation the case was
di agnosed as bilateral functional hearing |oss.

Speech audi onetry could not be done as she failed to
repeat the words even at maxi mumlevels of the audi ometer.
(110 dB).

In this case acoustic thresholds are well bel owthe
admtted pure tone thresholds at different frequencies in
the right ear. Left ear was not tested for acoustic reflex
because of air tight problem
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Abnor mal | npedance Measures in Normals

2 (I male and 1 female) normal hearing adult subjects
exhi bited no acoustic reflex at all frequencies.
Tynpanograns were of A type and acoustic inpedance val ues

were around mean nornal val ues.

A boy aged 13 years (Case No.8040) was tested. ENT
exam nation reveal ed nothing abnormal. Audiogram vas
well withinnormal [imts. Inpedance results were very
interesting. \Wen tested for conpliance the bal ance
meter needl e exceeded the bal ance nmeter value at mddle
ear pressures for both the ears. He obtained very | ow
acoustic inpedance scores.  Acoustic reflex threshold

val ues are:
e T”T_ifI:gng_R'T_im PT in aB % in aB
250 Hz 0 30 -5 75
500 Hz 5 85 0 80
1 K Hz ) 90 0 100
2 K Hz 0 85 -5 05
4 K Hg -5 90 0 95
é K Hz ) NO 0 NO
8 K Hz -5 NO -5 NO

Reliability
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Randonly selected 14 normal ears vere tested twce
for all the inpedance measures. The results were
consi stent.

The results of acoustic inpedance and static
conpliance were anal yzed for computing coefficient of
correlation between test-retest scores. A correlation
of .9 for static conpliance and a correlation of .9 for
acoustic | npedance wer e obt ai ned.

Coefficient conputed fromthe present data is a good
Agreement with the previous results of Tillman et al (1964)
and Jerger et al (1972).

Test-retest data for these subjects is given in
Appendi x 3.

Fig. 20 shows the tynpanonetry curves for the two
mean pressure conpliance values (test-retest val ues)

obt ai ned for t he 14 ears.

Effect of air pressure on acoustic reflex threshold

Usual |y acoustic reflex threshold is neasured at
mddl e ear pressure.  To study how air pressure variation
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in the external auditory neatus affects the acoustic
reflex threshold for different frequencies, 20 normal ears
were studied at +100 nm H,O and -100 mm H,O0. Data is
given in Appendix 4.

Results were anal yzed using W I coxon paired signed
Tank test to find the statistical significance between
different acoustic reflex thresholds measured at different

pressure val ues.

The results showed that there was significant
difference between the reflex threshold nmeasured at 0 nm
H,O and 100 nmm H,O air pressure in the external auditory
meat us.

Conparison of the results at -100 and 0 mm H,0 showed
no significant difference at .01 level and there was
signi ficant difference at . 025 | evel .

The magnitude of deflection of the needle of the
bal ance meter was reduced when tested at -100 and +100 mm
HgO - suggesting that pressure variation in this range
does not abolish the reflex but it affects the magnitude
of the reflex. Further, it can be stated that the
positive pressure has more effect than the negative
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pressure.

However, it would be worth studying more nunmber of
subjects at different pressure val ues.



CHAPTER V

SUMVARY AND CONCLUSI ONS

| mpedance audi onetry is becomng a popul ar diagnostic
clinical tool. However it is useful only as a conplete

battery and the inferences nust depend on the overal
results of tynpanonmetry, acoustic inpedance and the
acoustic reflex threshold.  The present study deals with
the results of inpedance measurenents on nornals and

pat hol ogi cal groups in India. It is quite essential to
know how the results of the normal and the pat hol ogi cal
groups vary.  The results obtained could be helpful in
usi ng the inpedance bridge for diagnostic purposes. Wth
this viewthe present study was undertaken. Atotal of
136 subjects (191 ears) were included in this study.
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The fol | owi ng concl usions can be drawn.

1. Conparison of the two groups (boys and girls)
In the age range 5-14 years shows no significant difference
with regard to static conpliance indicating no sex

difference in younger age groups. This is in agreement
with the other studies.

2. Conparison of the two adult groups (males and
femal es) in the age range 15-29 years shows significant
difference with regard to static conpliance indicating sex
difference.  The mal es show hi gher conpliance than the
females. This agrees with the reported studies.

3.  Conparison of the two male groups in the age
range of 15-29 and 30-50 years respectively, shows
significant difference In conpliance indicating age
difference.  Conpliance declines as a function of age.
This confornms with the previous reports.

4. The average conpliance and the variance in
conpliance are more with females than males.  This finding
Isincontrary to Jerger's (1972) report that "....\Wnen
consi stently show a | ower average conpliance and |ess
variance than nmen at all ages".
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5. Wth regard to acoustic inpedance there is
significant difference between girls and boys indicating
aex difference in early age groups. The former groups
shows higher inpedance than the latter. This result is
not in agreenment with the conclusion nunber one. It
needs further investigations.

6. There is no significant difference with regard
to acoustic inpedance between nales and fenales for the
sane age group (15-29 years). This result also is not
In agreement with the conclusion nunber 2.  Further

Investigations are needed.

There is significant difference with regard to
acoust i c i npedance bet weentwo nal e age gr oups, Vi z.
15-29 years and 30-50 years, indicating age difference in
acoustic inpedance.  The ol der age group shows higher
| npedance than the younger group. This is in agreement
with the conpliance results that it declines with age.

8. 100% acoustic reflex responses were Coserved only
at 1 Kand 2 KHz for all the normal ears.

9. Reflex threshold declines with increase in
hearing loss with sensori-neural |oss cases (Table 7).
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10. Any conclusion regarding the norns for acoustic
| npedance cannot be drawn as there is overlapping of
pat hol ogi cal and normal ears with regard to acoustic
| npedance.  The normal s obtained a wide range of
682- 5840 acoustic ohms.

11. Al conductive and mxed | o0ss cases showed
absence of acoustic reflex.

12.  Suspected otosclerotlc ears (16) obtained
| mpedance score in the range 1032-7552 .  The nean

value is well above the nean for normal ears.

13. The case reports nentioned illustrate the
di agnostic val ue of inpedance audionetry.

Recommendations for further research

1. As the present study has not included young
children (below5 years), study could be carried out on
very young children

2. As the present study has not included ol der

group (above 50 years), study could be carried out on
ol der group.

3. Further work could be carried out on nore nunber



of subjects, normal as well as pathol ogical *

1y/\-:r1;1111-:1-ryr; A /\f-n---; 1 1 ”;-1 ’

N A3+N Prelimnary investigation on the effect of the
pressure on acoustic reflex threshold shows positive
results.  Further work could be carried out on this

line.

5. Due to the non-availability of acoustic neurona
brain stemtunors, 50%reflex decay could not be studied.
This can be expl ored.

6. The present study and the reported studies
reveal age and sex differences in static conpliance and
acoustic inpedance val ues, and hence it would be of
interest to explore this in greater detail.

N
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| npedance is neasured in acoustic ohns
Conpl i ance in equivalent volume cc

Pressure in nmHO0

Refl ex threshold and pure tone thresholds are

measured in dB - re: 0.0002 dyne/cnf

Z, - |npedance neasured at a positive pressure of
200 nmm H,O in the external auditory neatus

Z, - |npedance neasured at mddle ear pressure

Zy - Absolute acoustic inpedance

C* - Conpliance neasured at mddle ear pressure
Cg - Conpliance nmeasured at a positive pressure of

200 mm HJO in the external auditory meatus

C - Static conpliance
MP - Mddle ear pressure

Difference- Difference in conpliance between high negative
and hi gh positive pressures

RT - Reflex threshold
PT - Pure tone threshold
Difference between RT and PT
-(400...20)-indicate applied negative pressure in nmHO



Mal es - 16- 30 years

TABES |

Age

C

Sl . Z, 7, Z c, Cs MP Dfference
No
1 20 640 350 772 3.00 155 145 O 0. 06
2 22 760 6303683 1.63 1.35 0.28 O 0.17
. 20 550 390 1390 2.60 1.37 0.73 20 0.12
4 53 690 410 1010 2.52 149 1.03 20 0.13
5 19 850 5401980 1.93 1.20 0.73 -10 0. 09
6 20 590 450 1896 2.30 1.75 0.55 O 0.14
7 19 840 5601680 1.85 1.22 0.63 0 0. 09
3 19 880 6602690 1.52 1.16 0.36 -40 0.14
9 21 680 4501330 2.35 1.51 0.84 O 0.07
10 19 680 450 1330 2.30 152 0.78 O 0.08
11 19 670 410 1056 2.50 1.53 0.97 20 -0. 16
12 23 680 500 1214 2.05 1.53 0.52 -10 0. 10
13 24 650 380 914 2.80 157 123 0 -0.07
14 24 80 5501670 1.88 1.25 0.63 30 0.07
15 18 760 430 990 2.30 1.36 0.94 0 0.03
16 18 1000 700 2333 1.46 1.03 0.43 20 0. 09
17 18 820 5401581 1.90 1.25 0.65 20 0. 06
18 19 950 7052733 1.46 1.08 0.38 -20 0. 10

...contd



TABLE 1 - contd.

c, Cs MP Difference

A S
19 26 900 670 2621 1.83 1.16 0.67 -20  0.04
,o 18 920 540 1307 1.86 1.12 0.74 30  0.06
,, 20 780 360 720 3.40 142 1.98 -60  0.13
22 23 675 365 795 3.12 1.52 1.60 60  -0.03
23 29 760 540 1165 190 1.34 0.56 0  0.13
24 28 740 580 2683 178 1.38 0.40 0  0.18
25 29 1110 79p 27400 1.16 0.99 0.17 30  0.06
26 17 740 560 2302 1.90 1.37 0.53 -20  0.14
27 26 730 580 2230 1.89 1.40 0.49 20  0.12
28 18 590 450 4425 2.25 1.75 0.50 -60  0.80
29 21 720 440 1131 2.00 1.40 0.60 10  0.04
30 750 440 1064 2.60 1.35 0.25 0  0.10
31 475 350 1330 2.95 2.15 0.80 40  0.20
32 680 450 1330 2.25 1.51 0.74 O  0.09
33 870 530 1356 1.90 1.19 0.71 0  0.06
34 850 510 1275 2.00 1.20 0.30 20  0.11
35 820 660 3383 166 1.28 0.38 0  0.88
36 720 440 1131 2.20 1.40 0.80 20  0.04
37 600 320 685 3.20 1.65 1.55 20  1.45
38 620 450 1302 2.36 1.66 0.70 20  0.09
39 1125 775 2491 1.32 0.92 0.40 20  0.08

....contd



TABLE | - contd.
Sl . Age Z -
o g 1 Z Z, C, C, Ce MP Difference
40

790 530 1610 1.93 1.23 0.65 20 0.03
41 900 670 2621 1.75 1.16 0.59 -10 0. 10
42 900 490 1075 2.04 1.14 0.90 40 0.03
43 670 420 1125 2.41 1.65 0.76 20 0. 20
44 850 680 3400 1.80 1.20 0.30 20 0.13
45 1050 890 5840 1.30 0.93 0.37 40 0. 10
46 980 550 1367 1.85 1.10 0.74 O 0.02
47 900 550 1414 1.86 1.13 0.73 20 0.07
Aver age

20. 96 1848 0.71 7.02 0.13
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NO. -400 -360 -320 -280 -240 -200 -160 -120 -8(0 -40 -20 O 20 40 80 120 160 200
15 139 138 1.38 1.37 137 137 139 141 147 161 170 230 200 2.10 165 148 140 136
16 112 12 12 112 112 112 112 112 112 114 1.18 1.23 1.46 140 121 112 1.07 1.03

17 131 13 131 13 132 1® 133 135 138 14 15 160 19 170 146 135 1.28 1.25
18 1.13 1.18 118 118 118 119 121 123 1.28145 146 135 1.26 1.22 116 113 110 103
19 124 1.2 1.2 12 123 13 127 132 14 15 18 164 148 138 127 12 118 116
20 1.18 1.18 1.18 1.18 119 [.20 1.21 1.22 1.241.27 1.32 1.37 145 186 1.5 122 116 112
21 155 155 1.55 155 15 1.62 190 3.20 3.40 2.40 200 18 175 163 165 148 146 14
22 149 1.49 1.49 1.49 1.49 149 151 162 154 169 1.65 1.70 1.80 1.99 3.12 193 1.65 11.52
23 1.39 139 1.40 140 1.47 157 170 197 246 3.80 350 3.25 2,90 2.70 202 166 165 156
24 147 147 148 151 154 165 158 161 162 1.68 173 1.83 190 175 153 145 138 134

25 1.5 1.56 1.54 164 1.54 154 155 157 15 165 169 174 178 175 160 148 143 138
26 1.08 1.04 1.04 1.04 1.04 104 105 1.07 108 110 111 112 113 116 111 106 102 0.99
27 151 149 148 147 148 149 153 161 1.8 18 19 18 170 158 190 14 14 137
28 1.52 1.50 1.48 148 147 147 147 148 160 172 180 1.82 189 18 163 149 1.44 140
29 ﬂ .15 1.90 194 1.95 1.9 200 215 220 2.25 205 200 19 1.87 135 18 180 1.77 175
30 144 144 1.42 1.42 144 144 144 147 150 1.61 1.63 1.85 200 175 153 147 143 140
31 145 1.45 144 144 1.44 144 144 146 152 181 225 260 1.8 170 152 145 140 136
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Cont d.

-400
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1.25
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1.50
1.44
3.00
1.75
1.00
1131
1.26
1.17
1. 47
1.85
1.33
1.03
1.12

1.20

2.35
1.60
1.25
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1.50
1. 44
3.00
1.74
1.00
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1.25
1160
1.17
1.85
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1.12

1.19

2.30
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2.90
1.72
1.00
1.32
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1.16
1. 47
1.85
1.31
1.02
1.12

1.19
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1.60
1.24
1.30
1.48
1.42
2.55
1.72
1.00
1.32
1.27
1.16
1. 47
1.85
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1.02
1.12
1.19

2" 30
1.60
1.25
1.30
1. 46
1.44
2.20
1.70
1.00
1.33
1.27
1.16
1.48
1.85
1.30
1.02

2.30
161

1.25
1.31
1.46
1.44
2.10
1.70
1.00
1.34
1.28
1.16
1.49
1.90
1.30

.1.02

1.22 1.13

119

1.20

2.30
1.62
1.27
1.32
1.46
1.44
1.98
1.72
1.00
1.35
1.30
1.16
1.54

2.32
1. 66

2.35
1.76

1.32 146

1.34
1.46
1.47
1.98
1.74
1.00
1.38
1.33
1.16
1.90

1.93 1.93

1.30
1.02

1.32
1.04

1.14 1.18

1.20

1.22

1.34
1. 46
1.50
1.32
1.80
1.01
1.41
1.41
1.18
2.80
1.97
1.34
1.07
1.37
1.24

2.40
1.90
1.56
1.41
1.50
1.61
1.95
1.90
1. 06
1. 46
1.55
1.22
3.70
2.03
1.40
1.11
1.34

1.32

2.45
2.02
1.70
1.50
1.57
1.63
2.00
1.98
1.10
1.52
1.65
1.27
3.20
2.08
1442
1.14
1.48

1.27

2.55
2.25
1.90
1.57
1.65
1.85
8.15
2.12
1.18
1.61
1.75
1.33
3.45
2.16
1.48
1.17
1.85

1. 47

2.75
2.22

1.85
1.90
1.66
2.20
3.20
2.36
1.32
1.93
1.53
1.44
1.97
3.14
1.50
1.12
1.50

1.86

3.95
2.00
1.82
2.00
1.60
1.75
2.50
2.30
1.18
1.80
1.37
2.04
1.72
2.32
1.48
1.30
1.26

171

2.45
1.75

1.45
1.43
1.57
1.53
2.00
2.00
1.04
1*50
1.27
1. 47
1.54
1.93
1.37
1.08
1.18

1.38

2.30
1.63

1.30
1.32
1.45
1.47
1.82
1.85
0.98
1.39
1.22
1.26
1. 44
1.77
1.28
1.01
1.13

1.34

2.20
1.57

1.34
1.25
1.32
1.43
1.75
1.74
0.95
1.32
118

1.18
1.38
1.70
1.24
0.76
1.12

1.17

2.15
1.51

1.19
1.20
1.28
1.40
1.65
1.66
0.92
1.28
1.16
1.20
1.35
1.65
1.20
0.93
1.10

1.16



APPENDI X ||

1) Caloric test

2) Blood grouping

3) Winary 17 ketosteroids
4) Spont aneous nyst agnus
5) Ronberg test

Addi tional findings oF otosclerotic ears

1 , 3 4 5
1. K-2838 I e{t ear A" Absentnegative
no
2 reactive " "

K- 2935 Reavtive "B" 14.4mg/day

3. 8055 inner ear =~ O " " "
was re-
active

4, 6738 Reactive "0"

6623 Reactive "0" 13.6ng/ day

6. 2414 " "A"  32.7ny/ day |
7 K-2876 "B"  36.0ny/ day
8. es39 "AB' 20.0mg/day "’

Nair. 1973




1 Test Scores

Pressure Conplianee Val ues

APPENDI X | | |

- A

-400

- 360

-320

-280

-240

-200

-160

-120

-80

-40

-20

0

20

40

80

120

160 180

Ave

1.12

1.20
112

1.00
131

1.18
118
117
1.17
1.19
1.10
1.13
1.34
1.18

1.16

112

1.39
1.12

1.00
131
1.18
1.18
1.16
1.15
1.17
1.08
1.12
1.34
1.17

1.16

1.12

1.19
1.12

1.00
1.31
1.18
1.18
1.16
1.15
1.17
1.08
1.12
1.33
1.17

1.17

1.12

1.19
1.12

1.00
1.31
1.18
1.19
1,16
1.15
1.17
1.08
1.12
1.33
1.17

1.16

112

1.19
1.12

1.00
1.32
1.18
1.19
1.16
1.16
118
1.08
1.13

1.33:

117

1.17

1.13

1.20
1.12

1.00
1.32
1.19
1.20
1.16
1.17
1.18

1. 08.

1.13
1.33
1.17

1.17

1.14

1.20
1.12

1.00
1.33

1.21:

121
1.16
1.17
1.19
1.08
1.14
1.34
1.17

1.18

1.18

1.22
1.12

1.00
1,35
1.23
1.22
1.16
1.18
121
1.09
1.16
1.35
1.17

1.39

1.27
1.24
1.12

1.01
1.38
1.28
1.24
1.18
1.20
1.22
111
1.17
1.38
1.18

121

1.34
1.32
1.14

1.06
1.44
1.45
1.27
1.22
1.22
1.25
1.13
1.20
1.41
1.22

1.26

1.48

1.39
1.18

1.10
1.50
1.46
1.32
1.27
1.25
1.28
1.16
123
1.45
1.24

1.30

1.85

1.47
123

1.18
1.60
1.35
1.37
1.33
1.28
1.32
1,20
1.28
1.53
1.28

1.37

1.50
1.86
1.46

1.32
1.90
1.26
1.45
1.44
1.32
1.38
1.73
1.68
1.65
1.37

1.48

1.26
1.7
1.40

1.18
1.70
1.22
1.86
2.04
1.28
1.41
1.48
1.38
1.43
1.42

1.46

1.18

1.38
121

1.04
1.46
1.16
1.50
1.47
121
1.27
1.18
1.27
1.30
1.38

1.32

1.13

1.24
1.12

0.98
1.35
1.13
1.22
1.26
1.15
1.19
1.14
1.14
1.30
1.22

1.18

112 110

117 1.13
1.07 1.04

0.95 0.92
128 125
1.10 1.08
116 112
118 114
112 1.08
116 112
114 1.08
1.09 1.07
126 1.22
1.11 1.08

114 1.10




No. -400 -360 -320 -290 -240 -300 -160 -120 -80 -40 -20 0 30 40 80 120 160 180
1 1.13113 1.131.131.131.131.131.141.151.16 1.231.30 1.88 1.58 1.3S 1.20' 1.14 1. 11
3 1.181181.191.201.19 1.22 1.231.251.281.37 1.461.56 1.95 1.68 1.36 1.26t 1. 18 1. 16
3 1.121.121.121.211.121.131.131.131.13 1.16 1.181.24 1.451.41 1.25 1.15 1.08 1. 04
4 1.031.031031.031.031.041.041.031.061.121.161.36 1.38 1.26 1.1C 1.04=0.970. 85
5 1.311.321.321.321.321.341.351.371.41 1.461.521.61 1.931.80 1.5C 1.39 1.321.28
6 1181171171 181.18.191.211 231.28 1.461.521.61 1.93 1.80 1.501.13 1.101.08
7 1.181.171171.171171181.18 1.18 1.20 1.24 1.281.86 1.43 1.831.42 1.23 1.16 1. 12
8 1.181.181,181.181.18 1.18 1.18 1.19 1.21 1.24 1.28 1.34 1. 44 2.18 1.53 1.33 1. 33 1. 17
O 1.171.16 1.16 1.16 1.17 1.18 1. 19 1.211.23 1.25 1.281.32 1.37 1. 38 1.41 1.28 1. 25 1. 14
10 1.181.16 1.16 1.17 1.18 1.19 1.21 1.23 1.25 1.28 1.321.37 1.38 1.43, 1.28 1.25 1.141. 13
11 .09 1.06 1.06 1.06 1.07 1.07 1.08 1.09 | . 101.13 1. 141.181.23 1.74 1.52 1.21 1.151.08
12 1.121.111.111.11 .11 1.1 1.121.131.141.131.191.35 1.69 1.36 1.35 1.221. 141. 07
13 1.351.351.331.331.331.331.341.341.341.391.421.46 1.53 1.66 1.46 1.34 1. 28 1. 24
14 1.191.181.181.181.181.18 1. 181 181.191.23 1.261.32 1.41 1.44 1.30 1.16 1. 12 1. 08
Av. 1.17 1.17 1.17 1.17 1.17 1.18 1.181.20 1.22 1.27 1.301.35 1.52 1.55 1.34 1.22 1. 151. 11




Z, Z, C Cs D fference
1 920 550 1367 1.85 1.10 0.74 0O 0. 02
2 900 550 1414 1.86 113 0.73 20 0. 07
33 1000 700 2333 1.46 1.03 0.48 20 0. 09
4 1125 775 2491 1.32 0.92 0.40 20 0.08
5 go0 540 158 190 1.25 0.65 20 0. 06
6 950 708 2733 1.46 1.09 0.38 -20 0.10
7 920 540 1307 1.86 1.12 0.74 30 0. 06
8 900 490 1075 2.04 114 090 40 0.03
9 950 780 4358 1.32 1.08 0.94 20 0. 09
10 20 785 3420 141 1.12 0.29 40 0. 07
11 960 590 1530 1.73 1.08 0.65 40 0. 03
Cam %% 610 1673 163 107 061 20 0. 06
13N 840 620 2367 165 1.22 0.43 40 0.12
14 720 2973 1.42 1.08 0.34 g 0. 10
Nean 2187 0.54 25 0.07




APPENDI X 11 - D,
BeTest scores of inpedance, conpliance, etc.
1 9230 580 1346 1.38 1,11 0.77 20 0.02
2 880 530 1332 1,96 1.16 0.7 20 0.03
3 1000 710 2448 1.45 1.04 0.41 20 0.08
4 1080 740 2350 1.38 0,95 0.43 20 0.08
5 800 530 1570 1,93 1.28 0.65 420 0.03
5 950 710 2310 1.@ 1.03 0.39 '4-20 0010
7 920 550 1367 1.83 1,12 0.71 40 0.06
8 380 430 10566 2.18 1117 1.01 LY 0.01
9 940 750 379 1.32 1.10 0.22 20 0.07
10 920 725 3420 1.41 1.13 0.28 40 0.06
11 950 590 1556 1,74 1,08 0.66 40 0.01
12 280 610 1704 1.60 1,07 0.62 20 0.05
13 830 620 2450 1.66 1.24 042 D 0.11
14 280 710 2810 l.44 1.08 Q.36 40 .11
Mean .eee. 2137 0.56 25.71 0.06




APPENDI X I1] - C
| Test scores of Acoustic Reflex Threshold

N. RT PT D RT PT D RT PT D RT PT D RT PT D RT PT D RT PTD
1 8 0 8 8 0 8 8 0 8 80 5 75 100 10 90 \R — - NR

2 90 5 85 95 5 8595 10 85 85 16 70 105 15 90 NR NR

3 65 15 50 70 1555 gy 5 75 75 0 75 8 O 8 8 080 70 5 65
4 70 10 60 85 10 75 8 0 8 75 0 75 8 0 85 8 580 80 00 80
5 75 5 70 80 5 75 80 0 8 75 5 70 80 10 70 80 575 80 O 80
6 85 10 75 80 15 55 80 10 70 80 5 75 95 5 90 NR NR

7 8 15 70 8 5 8 90 10 80 80 O 80105 5100 NR AR

8 80 15 65 8 10 75 85 15 70 85 15 70 MR NR AR

9 MR 90 20 70 90 15 75 90 20 70- NR AR AR

10 85 20 65 80 15 55 85 15 70 70 6 65 95 30 75 80 1565 80 10 70
11 85 20 65 85 20 65 80 10 70 70 5 65- 85 15 7085 1570 80 10 70
12 8 O 8 80 5 76 8 5 75 75 0 75 8 5 75 85 3055 85 20 65
13 80 5 75 8 5 8 9 5 8 8 5 75 90 0 90 8 2560 85 13 75
14 90 10 80 95 10 8 100 5 95 90 90 100 15 85 90 1080 90 5 85

Av 70.76 73.92 78.21 73.49 83. 33 80. 58 73.76




APPENDI X

Rr et est scores of Acoustic Refl ex Threshol d

No. R PT D R PT D RT P D R PT D KT PT D RT PT D & P D
1 8 0 8 8 O0 8 88 O0 & 75 5 70 920 1080 NR NR
2 8 5 8 9 5 8 90 10 80 80 15 65100 1585 NR NR
3 7 15 8 70 15 86 80 7% 70 0 70 75 07 75 7% 70 65
4 75 10 656 8 10 75 85 8 80 O 80 8 085 80 7% 75 75
5 80 & 7 8 & 75 8 80 76 5 70 8 107 80 75 80 80
6 9 10 8 90 10 8 95 5 90 8 © 85100 1585 9 10 8 9 10 &
8 10 70 75 16 60 80 10 70 75 5 ™ 95 590 NR NR
8 8 15 70 8 5 75 9 10 8 8 0 80 108 5 1000 NR MR
80 15 686 80 10 70 85 15 70 86 15 70 HNR NR ER
10- §R 8 20 65 90 15 76 90 20 70 NR ~ NR NR
11 8 20 65 80 16 656 8 156 66 70 5 66 9 2070 75 15 60 75 10 65
12 85 20 66 9 20 70 85 10 75 70 5 65 8 15 7090 15 75 & 10 70
13 8 0 8 80 75 80 7 75 O 75 80 5 7580 35 56 85 20 65
14 8 5 75 8 80 9 8 8 5 75 90 O 9085 25 60 85 10 75
AV. 66,07 72.14 77.50 72.86 81. 26 63.12 71.78



APPENDI X | V- A
Acoustic Reflex Threshold Values at 0 nmH0

No. 250 500 1K 2K 4K 6 K 8 K
1 NR 105 100 90 95 \R R
2 NR 105 100 95 105 AR NR
3 75 80 80 75 80 75 70
4 80 75 80 75 85 NR 70
5 80 gg 80 80 90 NR 85
s o0 80 80 75 80 NR 85
7 8 75 80 75 90 NR 80
8 85 80 8 75 90 NR 75
9 g 80 & 75 9 NR -
100 85 90 85 80 85 NR NR
11 90 90 90 100 NR AR
2 8 8 8 80 90 NR NR
13 90 90 8 75 100 NR NR
14 70 80 8 8 NR NR AR
15 60 75 70 80 R 75
16 90 95 90 95 R NR \R
17 80 85 90 90 NR NR NR
18 go 8 8 80 90 NR NR
19 85 85 90 80 95 NR NR
20 80 90 95 85 100 NR NR
21 8 90 90 80 95 NR NR
22 80 90 90 85 95 75 R
23 80 8 o5 gy 90 NR AR
24 90 100 100 90 NR NR NR
25 90 95 95 95 100 NR NR
81.73 86.60 87.6081.8091.66 82.72  78.75




APPENDI X IV - B

Acoustic Reflex Threshold Values at 100 mm H,0

No. 250 500 1K 2K 4 K 6K 8 K
1 NR 106 106 100 100 NR NR
2 NR 106 106 100 110 NR NR
3 856 80 85 85 80 20 80
4 85 85 90 80 90 85 75
S 80 85 85 85 20 920 NR
6 85 85 85 80 20 920 NR
| 80 80 85 80 95 20 90
8 20 85 85 80 106 856 80
9 20 85 920 80 96 90 NR

10 85 956 25 90 106 NR NR

11 85 920 20 85 95 NR NR

12 20 20 90 35 96 KR NR

13 NR 95 20 30 NR KR NR

14 75 80 86 85 NR NR NR

15 70 75 80 75 90 85 NR

16 920 95 956 100 NR NR NR

17 385 20 956 95 NR NR NR

18 80 85 85 uds 96 NR NR

19 90 20 90 85 NR NR KR

20 920 100 106 105 NR NR NR

a2l NR 110 110 110 NRY! ©NR NR

22 85 20 95 920 956 90 KR

23 35 20 95 85 95 NR NR

24 90 106 100 20 NR NR NR

25 NR 100 100 20 NR NR NR
1 .. 73 ©8§.00 92.60 88.40 95,93 88,33 81.26




APPENDIX |V - C
Acoustic Reflex Threshold Val ues at -100 mm H,0

No. 250 500 1K 2K 4K 6K 8 K
1 ©§NR 90 95 80 85 NR NR
2 ©NR 100 100 90 95 NR NR
3 8 85 90 80 85 80 85
4 8 80 80 80 920 85 90
5 85 20 90 86 100 NR NR
3 85 85 85 85 85 NR NR
7 8 . 8 86 80 95 90 20
8 90 85 85 80 95 20 85
9 920 85 85 80 95 NR NR

10 85 95 95 95 100 NR NR

11 85 95 95 90 100 NR NR

12 85 20 85 80 95 NR NR

13 9 90 85 80 NR NR NR

14 75 85 85 85 NR NR NR

5 7 80 85 80 95 90 NR

16 90 20 20 95 NR NR NR

17 85 85 90 95 NR NR NR

18 8 85 85 85 95 NR NR

19 8 20 90 8 90 NR NR

20 NR 105 110 95 NR NR NR

21 85 20 95 90 NR NR NR

2 8 85 90 85 20 85 NR

23 8 920 20 85 90 NR NR

24 9 100 100 85 NR NR NR

25 90 95 95 8 100 NR NR

Average

m.w &.m mige al.m 98038 u.“ Bﬁ.m




APPENDI X IV - D

Conparison of the Results

+100 mn 0 Ranks
1. 250 84.75 81. 73 3.02 2
2. 500 91.00 86. 60 4. 40 4
3. 1000 92.60 87. 60 5. 00 5
4. 2000 88.40 81. 80 6. 60 7
5.4000 95.93 91. 66 4.37 3
6. 6000 88.33 82. 72 5. 61 6
7. 8000 81.25 78.75 2.50 1
Hb is rejected Grable = 2
H. - +100 is greater than 0 mrm HO
-100 0 Ranks
1. 33. 40 81. 73 1.67 3
2. 89. 20 86. 60 2. 60 4
3. 86. 96 87. 60 -0. 64 -2
4 81. 40 81. 80 -0. 40 -1
5. 98. 88 91. 66 7.22 .
6. 86. 66 82. 73 3.94 5
7.

85. 00 78.75 6. 25 6



APPENDI X |V - D (contd)

+100 -100

84. 73 83. 40 135 1
91. 00 89. 20 1.80 3

92. 60 86. 96 5.64 6

83. 40 81. 40 7.00

95. 93 98. 88 2,95 -4
88. 33 86. 66 1. 67 2
81. 25 85. 00 -3.75

H, is accepted at O QL |evel.

Grable =2



