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An Investigation of Tympanometric Measurements on an
Older Adult Population.

APPROVED BY MEMBERS OF THE THESIS COMMITTEE:

Prior to this investigation, there appeared to be no published
research data available on tympanometric configurations obtained from

an older adult population.

This study was designed to examine tyro-

panograms obtained from an otologically normal, elderly population.
Forty individuals, ranging in age from 59 to 83 years, participated in
this study.

All had a negative history of middle ear pathology and had

normal tympanic membranes as determined by otologic examination.
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From

the eighty ears tested, fifty were used in this survey.

Conductance

and suseeptance at 226 and 660 Hz were obtained at each ear and ranges
for admittance were computed from these components •. Additionally,
acoustic reflex thresholds were obtained from this population.
The results obtained indicate that the values for the measures
of conductance and susceptance are comparable to those from young
adult groups.

The reflex thresholds are slightly higher in the older

group because their hearing thresholds are not as acute as those
found in

younger~populations.

Finally a larger percentage of the

older population than might be expected was found to have evidence of
healed perforations which were not discovered during otoscopic examination.
The present investigation demonstrated that additional normative
data are needed in order that the otoadmittance meter be fully utilized
with older adult populations.
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CHAPTER I
INTRODUCTION
A relatively recent contribution to the field of audiometry has

been the introduction of electroacoustic measuring instruments designed
to evaluate midclle ear functioning.

This technique of measuring, re-

cording, and evaluating changes in the tympanic membrane and middle ear
cavity under conditions of varying air pressure has been termed
tympanometry.
Prior to the introduction of the electroacoustic measurement instruments, it was difficult to determine the .function of
parts of the auditory system.

separ~te

With the electroacoustic bridge, the

measurements can be restricted to a specific portion of the auditory
system -- the middle ear.

With this instrument, it has become possible

to demonstrate acoustic manifestations of various

pathologi~al

condi-

tions in the middle ear, such as otosclerosis, otitis media, and ossicular discontinuities.
During the aging process, a certain amount of anatomical and
physiological change takes place in the middle ear, involving the ligaments, muscles, and connective tissue.

These changes, which are a re-

sult of the aging process, may cause a variety of lesions which are
conductive in nature (Goodhill, 1969).

There appears to be no pub-

lished research data available on tympanometric configurations obtained from an elderly population.

The establishment of tympanometric

patterns common to the elderly should enhance the information now·
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available for clinical and research purposes.
Statement of Purpose
The purpose of the present study is to examine by the use of
tympanometry, configurations obtained from an otologically normal,
elderly population.

Using the two probe tones of the Grason-Stadler

Model 1720, the components of admittance -- conductance and susceptance -- will be investigated in order to gather data which may be
used toward establishing working normative values.

The information

gathered will be compared with norms established for an otologically
normal young adult population (Feldman, 1974; Jacobson, et al., 1973;

Dirks and Morgan, 1973; and Porter, 1972), and the following question
will. be investigated:

What are the differences, if any, between

tympanograms obtained from a normal young adult sample and those obtained from a normal older adult sample.
It is hoped that the information obtained from this study will
add to the diagnostic usefulness of tympanometry among older age
groups.

CHAPTER II
REVIEW OF niE LITERATURE
The traditional approach to hearing assessment rout_inely includes
the comparison of pure tone air-conduction thresholds with bone-conduction thresholds.

The presence or absence of an_ air-bone gap yields

·information regarding the status of the middle ear, but gives little or

no information regarding the cause of any conductive problems.
addition, audiometric tests rely primarily upon the patient's

In
~ubjec

tive decisions regarding the presence of the pure-tone stimuli.

An

otoscopic examination is limited to an inspection of eardrum mobility
at extreme amplitudes of motion and gives inconclusive results in

cases of conductive hearing loss, except

th~se

that are associated

with gross changes in the anatomy, position, or mobility of the eardrum (Lamb and Norris, 1969; Zwislocki

~nd

Feldman, 1970).

The development of impedance measurements has provided a quan-

titative and objective measurement of middle ear functioning and has
supplied a means of restricting these measurements to the middle ear
only.

It is now possible, through the use of impedance measurements,

to detect middle ear pathologies that may not surf ace during otosco-

pic and audiometric examinations, and further, to differentiate among
the various disorders (Metz, 1946; Zwislocki, 1957, 1961, 1963;
Terkildsen and Nielsen, 1960,; Lamb an:d Norris, 1969; and Zwislocki
and Feldman, 1970).

4

Middle Ear Muscle System
In order to better understand the bases of impedance measurements,
a knowledge of the functioning of the middle ear system is necessary.
The

tympani and the stapedius, muscles in the middle ear, con-

t~nsor

tract in response to sounds of loud intensity.

The tensor tympani is

attached to the malleus (one of the three ossicles in the middle ear
cavity).

It is innervated by the Vth Cranial or Trigeminal Nerve and

contraction of the tensor tympani draws the malleus medially and
anteriorly.

The stapedius muscle attaches to the neck of the stapes

(another of the ossicles), is innervated by the VII or Facial Nerve
and upon contraction, draws the stapes outward and backward from the
oval window, counteracting the opposite pull of the tensor tympani.
These muscles have two opposing functions:

first~

to increase the sen-

sitivity of the tympanic membrane and the ossicular chain to sounds of
weak intensity, and second, to protect the inner ear from sounds of
unusually loud intensity by reducing the mobility of the ossicular
chain, thus decreasing the efficiency of sound transmission (Zemlin,
1968; Lamb and Norris, 1969; Davis and Silverman, 1970; Newby, 1972)
although this latter function is now in question (Jerger, 1974).
The contraction of the muscles of the middle ear in response to
loud sound, termed "acoustic reflex," usually is elicited at sound
intensities well above the threshold for hearing..

In man, it is

elicited at intensities ranging from 80 - 90 dB above the pure-tone
threshold for hearing, with the lowest reflex threshold corresponding
in frequency to the 10west threshold for hearing (Jepsen, 1963).
Luscher (cited by Jepsen, 1963) .used tones throughout the

fr~quency

5

range of 90 to 14,000 Hz to demonstrate reflex activity and_ found

~hat

the most sensitive frequency for eliciting the reflex was 2,000 Hz.
The muscle contraction is set off by a reflex action from the
lower centers of the brain a few hundredths of a second after the sound
reaches the eardrum.

This reflex results in a modicum of protection

against possible damage by large amplitudes of movement to the middle
ear and the inner ear.

Moreover, there is a latency between the time

that the sound impinges upon the tympanic roembrane and the contraction
of the muscles.

Wever and Lawrence (1954) cite mean latency values of

.06 seconds for the stapedius and .15 seconds for the tensor tympani.

This factor places a real limitation upon the "protection" that the
tympanic muscles can provide to the middle and inner ears.
More recent studies have indicated that it is probably the
stapedius muscle alone that responds to sound with a recordable reflex;
therefore, many authors prefer to use the term "stap4:!dius reflex"

~n

conjunction with middle ear reflex action (Klockhoff, 1961; Jepsen,
1963J Feldman, 1967, Jerger, 1974).

Most authors agree that the most

efficient way of measuring reflex activity in man is through the use of
relative impedance methods.
Sound Transmission in the Ear ·
Before describing the principles of impedance measurements, it
may be beneficial to consider the propagation of sound in the normal
·ear.

When an acoustic wave· reaches the tympanic membrane, the greater

part of its energy is reflected and a portion produces a vibration of
the eardrum.

This latter part is transmitted via the ossicular chain

through the oval window to the inner ear.

The reflected energy forms,

6

a wave that is propagated outward from the tympanic.membrane.
frequency is identical to that of the incident wave.

Its

However, its

phase and amplitude are dependent upon the impedance at the

ea~drum,

which in turn, is controlled by the properties of the membrane, ossicular chain, ligaments and muscles of the middle ear, the oval and round
windows, the middle ear cavity, and the interconnected pneumatic cells.
Therefore, the sound wave reflected at the tympanic membrane carries
information concerning the state of the entire middle ear (Zwislocki,
1961).
Clinical Methods of Measuring Acoustic Impedance
~e

concept of acoustic impedance was introduced by A.G. Webster

in 1914, but was not widely utilized until Metz (1946) adapted these
principles for use in the development and construction of the acoustic
bridge.

He was able to demonstrate that various pathological

ear conditions produce

d~f ferent

and

d~stinct

patterns

o~

middl~

impedance.

The Metz Bridge, however, was unwieldy, difficult to use, and did not
yield stable measurements.

Furthermore, the bridge could not control

the effect of the volume of the ear canal on the measurement.

It was

not until the reports of Zwislocki-(1963) and Feldman (1963) that the
use of the acoustic bridge for measuring impedance provided meaningful
information for the differential diagnosis of auditory disorders.
The Zwislocki Acoustic Bridge, shown schematically in Figure
is based upon the same principles as those described by Metz.

l~

However,

this instrument included a means by which the effects of the volume of
the ear canal could be eliminated from the measurement.

This was ac-

complished by filling the ear canal with alcohol from a calibrated

7

syringe.

v1

Volume

on the instrument is set to the measured volume of

the canal as shown on the syringe.

A

Figure l. Schematic illustration of the Zwislocki
Acoustic Bridge (Lamb and Norris, 1969).
The Bridge consists of two main tubes (A and B) of equal internal
diameter and length with an electro-acoustic
tween them.

tra~sducer

(T)

mo~nted

The monitor·tube (Y) leads to the examiner's ears.

is connected to the ear
matching impedance.

ca~al

be-

Tube A

via a speculum; tube B terminates in the

The transducer (T) presents sound waves of equal

amplitude, but opposite phase into the two main tubes.

These waves are

partially reflected at the ends of each tube and the resultant sound
pressure in each tube is generated by both the original and the refleeted waves.

The sound pressure in both tubes is

terminated by an equal impedance.

~qual

when both are

A null or cancellation of sound

occurs as a result of the phase opposition, and can be detected by
'

'

aonitoring the Y tube.

When this occurs, the impedance at the end of

the tube (B) is equal to the unknown impedance of the tympanic membrane and the middle ear, and may be read directly from the variable
controls,

v2

(compliance

ele~ent)

and RA (resistance element).

Two additional tests may be performed:
around

tactile stimulation

the tragus of the test ear, or introduction of noise or tone to

the coritralateral ear.

The presence of the stapedius reflex will re-

8

sult in a return to the probe tone (a loss of the null or sound cancellation) as monitored by the examiner.

The null returns when either mode

of stimulation ceases (Feldman, 1963).

Both the Metz and the Zwislocki Bridges used ambient air pressure
to measure acoustic impedance.

In 1960, Terkildsen and Neilsen devel-

oped an electroacoustic bridge which provided a source of air

pres~ure

that was continuously variable from a negative value, through zero, to
a positive value.

The two electroacoustic bridges developed for clinic-

al use are the American Electroacoustic Impedance Meter (formerly, the
Madsen Acoustic Impedance Meter) and the Grason-Stadler Otoadmittance
Meter, using the balancing system originally introduced by Terkildsen
and Nielsen (1960).

Nearly all of the research data available at this

time concerns the use of the

M~dsen

Acoustic Impedance Meter, notably

the work of Brooks (1968, 1969, 1971), Jerger (1970), and Lilly (1973).
Impedance Measurements
The measurement under consideration is the extent to which the
tympanic membrane is resistant to movement and opposes the sound pressure
changes.

This opposition to change, or resistance to motion, repre-

sents the acoustic impedance of the ear.

In other words, acoustic im-

pedance may be defined as the opposition by a surface to the flow of
acoustic energy through that surf ace.

Three components may interfere

with or impede the flow of acoustic energys
ance.

stiffness, mass, and resist-

Stiffness in the middle ear is produced by the tympanic mem-

brane, the ligaments and muscles of the middle ear, the volume of air
in the middle ear, and the cochlear windows.

Mass is determined by the

weight of the ossicular chain; the resistance is determined by the in-

9

put impedance of the cochlea and to some extent, by the frictional resistance of the ossicles (Zwislocki, 1963).
When the middle ear system is unusually stiff, as in the presence
of otosclerosis, the tympanic membrane presents a greater than normal

resistance to motion; that is, it is less

compliant~

Little sound

energy is transmitted through the middle ear system, and a greater than
normal amount is reflected from the membrane.
to have a high impedance factor.

This condition is said

In an ear with ossicular discontinuity,

the membrane is extremely compliant, with a large amount of energy absorbed by the membrane and little reflected back into the external
auditory meatus.

This condition shows extremely low acoustic impedance

(Feldman, 1963).
Tympanometry
The concept of tympanometry may be defined as a technique for
measuring, recording, and

evaluati~g

systematic changes in air pressure.

changes in acoustic impedance with
The relationship between changes in

acoustic impedance and changes in air pressure is affected by middle
ear pathologies, perforations of the tympanic membrane or scars of the
membrane, or by abnormal air pressures in the middle ear.
if fluid is present in the middle ear, the point of

For example,

ma~imum

will be displaced and the degree of compliance reduced.

compliance

Figure 2 com-

pares a normal and a pathological tympanometric curve. .
Conditions such as otosclerosis and ossicular chain discontinuity
appear as changes in

~he

no pressure anomalies.

compliance of the tympanic membrane, but show
Otosclerosis causes the conductive system to be

stiff or non-compliant, while an interruption in the ossicular chain or

10
a scarred tympanic membrane results in abnormally high compliance.
Negative air pressure in the middle ear cavity produces a curve displaying a shift to the left of O mm H o, and a shift of 100 mm H2o or
2
more is associated with Eustachian tube malfunction. An ear which

e o.6
CD

v
.E

~

o.s
0.4

+200
Pressure in Millimeters HzO

+400

Figure 2. Typical pressure-compliance curves
illustrating results of tympanometry with a
normal ear and with a case of otitis media
(Lamb and Norris, 1969).
contains fluid also displays a negative curve configuration.

Because

of the stiffening influence of the fluid, the tympanic membrane will
not achieve normal compliance and thus can be differentiated from the
other.curves (Lamb and Norris, 1969; Lamb, 1971; Lilly, 1973).
Ref lex Measurements
In a normal middle ear, contraction of the stapedius or the
tensor tympani muscle produces a "measurable, time-locked change in
acoustic impedance at the lateral surf ace of the tympanic membrane"
(Lilly, 1973).

With the use of electroacoustic instrumentation, reflex

measurements are termed relative acoustic impedance measurements.

The

threshold of the acoustic reflex is that sensation level at which a

11
sound is just capable of eliciting a 'reflex contraction.

The reflex

threshold falls within a predictable range of intensities, adding to the
diagnostic usefulness of impedance measurements (Lamb and Norris, 1969).
Jepsen (1963) reported studies of the acoustic reflex to pure
tones in normal subjects ranging in age from ten to eighty years.

He

found that while the auditory thresholds were poorer in the older subjects as compared to the younger group, there was an increase in the
sensitivity of the acoustic reflex thresholds.

This

cha~ge

·at each frequency, but was more pronounced above 1000 Hz.

occurred
For example,

at 4000 Hz, the range between thresholds was reduced to 15 dB for the
eighty year old subjects.

This reduced range is assumed to be a mani-

festation of loudness recruitment, resulting from cochlear dysfunction.
Although the

a~sence

of the stapedius reflex usually.indicates

middle ear pathology, the reflex cannot always be elicited.

There

appears to be a very small percentage of otherwise normal individuals
who do not show the acoustic reflex at any level.

When the reflex is

elicited acoustically, the success depends upon a sufficiently low
hearing level.

The absence of the reflex does not always indicate the

presence of a middle ear disorder, nor does a detectable reflex contraindicate the presence of pathology.

The reflex has been found in some

sites of ossicular discontinuity and serous otitis media.
thou~h

Thus, al-

relative impedance does not always give a true diagnostic pie-

ture, when used in

combinati~n

-

with tympanometry, a correct diagnosis
"

can be made (Robertson et al., 1968; Jerger, 1970; Zwislocki, 1970).
Normative Standards
Feldman (1974) established normative tympanometric curves with
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that because tympanometry is used to evaluate middle ear pathologies
and hearing loss in the elderly is primarily a sensori-neural

imp~irment,

there appeared to be little reason to employ this instrumentation.
Hinchcliffe (1962), in a personal communication with A. M;11er, quotes
M41ler as stating that changes in the acoustic impedance of the middle
ear as a function of age have not been noted.

Tympanometry was used

on 316 patients of all ages by Jerger (1970).

Of this number, fifty-

five subjects were sixty years of age or over, or seventeen percent of
th~

total population.

However, none had normal hearing sensitivity and

a conductive or sensorineural component was present in all of these
subjects.
Changes in Hearing Associated with Aging
It is well known that there is a change in hearing level with age
and this gradual reduction in hearing sensitivity associated with increased age has been termed .. presbycusis. ••

In most cases, both ears

are affected at about the same rate and the loss occurs gradually over
the years.
In the earliest stages of presbycusis, only the epithelial elements in the cochlea may be affected.
is classified as sensory in origin.

At this point, the impairment
Later, the nerve elements become

involved and the classification is thought to be sensori-neural.
Finally, the

~ortex

and the central pathways become involved and the

condition.is classified as.a central hearing impairment, or central
dysacusis.
the

In other cases, the nerve fibers appear to be damaged and

impa~rment

is

con~idered

aent (Sataloff, 1966).

to be primarily a neural hearing impair-
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Although

p~es})yeu~i$ t~ ~en@~tlly

neural impairment, Glofig and

..nt, whose pres,nce was

exposu~e

bf a.n ai?•Done

i6di~•~§4

Jn

~ll.;if

~op.

ahift in threshold $en$itivitY §ye

conductive element. The pieeise

They labeled

modern

pfesbYeY$is hid an

t~

eontfi~tion

in the

p~e§byeu~i$

conductive ele•

~ad

$PIPlt o-f elderly wh<>

jy~ged •~ ~evere by

that eould be

ductive loss makes to

id_.entifi~d 1

(lf61)

p:-esbyeq$i~."

thi1 type "conductive

no noi11

Davi~

etm.§idered to be a 1en§ori•

standa~ds,

the

app~eeiable

tnat tht3 high tone eon·

$ene~al

population ie not yet

clear.
u~od

Coodhill (1969)

the §gme teTIB CeondYetive

identify the changes f ou~d in tQ' middle
atated that the tet'lft

1en1ori-neura1

"p-retsbYOY3i.~"

netu~e.

mu1cle1 and connective
that changes due to

If 1&ift$
ti$~Ye,

~r rrre~ture,

•enes~enee m~Y Qeey~

of a

in the ligements and

ond quite likely

The$e enenge$, whieh may

be

~gl~g

ie§ions whieh are not

tn~e,neld$

in the elderly $how a

n~tq;e.

pie,bye~~ie

g~eate?

lo:;~es

in. the middle ear involving the

~em~~ane.

According to Hineheliffe (l96l),

greater than the predicted las$.

of agipg. He

limited to

po~~ible

may elu$e 1 Vi?tety.of

departure from the baste

~

D~O~~~~e$ Q~eu~

1en10Ti-neura1, but conduetive in

actual thresholds is

1$ • ~esult

$hE>Y1d not

then it i3

011icul1r chain and the tYJllpanie
normal

eij~

p~esbycusis).to

trend an4 pO?t?'Y a heaiing loss

The

di$crep~~~Y

with tone$ of

Pighe~

between

p~edieted

and

fiequency ond with

increasing age. It is Pft$$ible, then, th1t ''the high. f?'equ.ency conductive loss could aeeount
1econda~y

factor

fe~

this dieerepaney and constitute a major

~n ~~~ 9ete~ie~atien

of the

audito~y tn~esbold

with

age" (Hinchcliffe, 1962).
Goetzinget:, et al., (1961) fHtabli$hed eu"es of

avet:~u~e

hea:ri,ng
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levels for men and women from ages 60 to 90 inclusive.

The criteria

for selection of a subject included no history of hearing loss prior
to age fifty, he must have been relatively

f~ee

from ear infections

during life, and have had relatively little exposure to noise.

They

found that hearing level decreases as a function of increasing age,
that men have more acute hearing in the lower frequencies and women in
the higher frequencies, and.that the hearing level for both men and
women drops off markedly for the higher frequencies with increased age.
· Table I shows the means, standard deviations,

an~

ranges for the pure

tone air-conduction thresholds by age and by sex.

TABLE I
RANGES OF HEARING LEVELS BY AGE GROUPS AND SEX OF SELECTED
OLDER.ADULTS. THESE HEARING LEVELS IN dB re ISO~l964
AUDIOMETRIC ZERO WERE COMPUTED FROM SOUND PRESSURE LEVELS PRESENTED BY GOETZINGER,et al.
(1961)
Frequencies in Hz
Age

Sex

250

500

1000

60-69
n•l5

M

F

-10 to 26
-10 to 11

-10 to 30
-10 to 15

-10 to 51.5

n•.15

-10 to 20
-10 to 10

70-79
n•lS M

"'!'10 to 5

-10 to 21

-10 to 5695 19 to ·59

n•.15

F

-10 to 15

-10 to 16

-10 to 30
-10 to 35

80-89
n•l5 M
n•l5
F

-10 to 25

-4 to 31
-9 to 26

0 to 35
0 to 30

6.• 5 to 56•5 44 to 89

-5 to 30

2000

4000
4 to 64

-8 to 31.5 -4 to 59

.

-3 to 46.5

9 to 64

-3 to 36.5 14 to 94

.Hinchcliffe (1962) reported on studies by Flej.scher and ·by Crowe,
et al. wJ:io state that presbycusis is predominantly a "ganglion type"

deafness.

In other words, atrophy of the spiral ganglion cells occurs
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in later years.

Hinchcliffe observed that threshold shifts due to

aging begin at an early age and atrophy
appear much later in life.

o~ t~e

spiral ganglion cells

In many cases, elderly people have had con-

siderable threshold shifts due to aging, but have shown no histological
changes in either the organ of Corti or in the spiral ganglion.
Goetzinger, et al. (1961) studied men and women between

~he

of eighty and one hundred who showed no significant tone decay.

ages
They

concluded that the degenerative changes in the cochlea and in the
second-, third-, and fourth-order neurons are not dominant factors in
the development of presbycusis.
The conclusions drawn from Hinchcliffe's exhaustive review of the
literature regarding changes in the aging auditory system indicate that
although degenerative

ch~nges cont~ibute

to presbycusis, it is more

likely that changes in the btain are primarily responsible for the overall effect of presbycusis.

"The relative contribution of the degenera-

tive changes in different anatomical loci to changes in a given audiologic measure is variable and dependent upon the particular measure
involved" (Hinchcliffe, 1962).

CHAPTER III
METHOD
In order to gather data which may be used toward establishing
working norms on tympanometric curves obtained from an elderly population. the following methods and procedures were utilized.
Subjects
Forty subjects who, upon screening, were classified as "normal
older adults" were chosen to participate in this study.

The majority of

the subjects were selected from among those individuals who had been
screened by Project ARM (Auditory Rehabilitation Mobile), sponsored by
Portland State University.

The following criteria were employed to

select subjects suitable for this study:

1) over fifty-nine years of

ageJ. 2) auditory acuity commensurate with his age (Goetzinger et al.,
1961)1

~). negative history of middle ear patho~ogy;

4) normal tympanic

membranes as determined by otologic examination.
The ages of the forty subjects.ranged between fifty-nine and
eighty-three years of age, mean age • 69.8.
in which maximum values fell within
were included.

Only those tympanograms

! 50 mm H2o of ambient pressure

Tympanometry was performed on both ears of each subject;

however, if one ear presented an abnormal tracing, only the other
"normal" ear of the subject was included in this study.
Instrumentation

The Grason-Stadler Otoadmittance

Met~r

{Model 1720) consists of
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Figure 3. Schematic representation of the Grason-Stadler Otoadmittance Meter,
Model 1720 (Porter, 1972.
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three subassemblies (see Figure 3)s

one for the control of air pres-

sure, one for the generation and monitoring of sound waves, and one for
the electronic control and evaluation of the input sound flow and the
output sound pressure conditions.
The air pressure system presents a continuously variable positive
or negative air pressure to the ear canal and this feature permits the
stiffening of the tympanic membrane in order to estimate the conductance and susceptance of the ear canal.

The transducer or driver/

monitor
assembly, consisting of an earphone driver and ceramic micro. .
phone, is mounted in a housing

c~nnected

to the earpiece.

Sound energy

is introduced into the ear canal, modified by the conditions it encounters in the canal and at the tympanic membrane, and is picked up by
the microphone.

The analysis system maintains a constant sound pres-

sure level of approximately 85.dB SPL at the tympanic membrane, regardless of conditions found there.
The sound flow required to maintain constant pressure in the ear
canal is 90° out-of-phase with the pressure, if the ear is free of
energy loss. Energy losses result in an in-phase component.
and

out-of-p~ase

The in-

components are measured separately and may be read

directly on the two meters as susceptance
m.illimhos (Otoadmittance Handbook

~,

~nd

conductance, expressed in

1973).

The voltages representing conductance and susceptance

~re

avail-

able to drive an X-Y plotter from the rear of the instrument, as well as
a voltage which is

proportiona~

to

t~e

air

pre~sure

in the ear canal.

A graphiQ record can then be made depicting the relationship between
compliance

ch~ng~s a~

a function of variation of pressure in the ear

canal (PQrter, 1972).

Thus a tympanogram is generated whose charac-
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teristic pattern is diagnostically invaluable.
Measurement
The unit of measurement under consideration is

~dmi~tance,

ease of energy flow, which is the reciprocal of impedance.
ponents of impedance, resistance and

r~actance,

(GA) and susceptance (BA) respectively.
energy flow through resistance while
flow through reactance.

or

The com-

are termed conductance

Conductance is a measure of

suscepta~ce ~s

Susceptance can be

equate~

commonly thought of as the reciprocal of stiffness.

a measure of

~nergy

to compliance,
Using admittance

terminology, the unit of admittance is the mho (ohm spelled backward)
(Otoadmittance

Handbook~,

1973).

When the tympanic membrane is stiffened by the introduction of air
pressure, the admittance at the drum is

appr~ximately

value of admittance is that of the ear canal.

zero and the

When the alr pressure is

equal on both sides of the drum, the admittance measured is the sum of
the admittance of the ear canal and the admittance of the drum.

Ad-

mittance is said to be the ratio of sound flow to sound pressure and is
constant within the ear canal when a low probe tone frequency is used.
Sound flow, and therefore admittance, for the tympanic membrane is the
differe~ce bet~een

the drum tight and the drum.loose measurements

(Porter, 1972).
Admittance can be calculated.according to the following methods

fYl

•. ~ G2

+

where Y • admittance, G • conductance, B admittance is the reciprocal of
mined by the formulas

~2
s~sceptance.

i~p~dance (Z~

I zI •

1

y

Since

the latter may be deter-

(Otoadmittance Handbook !,1973).
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Test Procedure
Immediately prior to this evaluation, each individual was subjected to an otoscopic examination.

When a large amount of cerumen,

which precluded viewing the tympanic membrane, was present, the ear was
washed out before the examination proceeded.
Pure tone air- and bone-conduction testing were done in a singlewall IAC Model SP 403 room using a Beltone 15-C audiometer.

Norms for

air conduction audiometry we;e those established by Goetzinger et al.
(1961) for individuals of advanced age.

His data, based on ASA-1951

standards were converted to IS0-1964 standards (see TABLE I on page 15).
Speech audiometry consisted of obtaining the following measures:
speech reception threshold, most comfortable listening level (MCL), and
speech discrimination ability.

The latter was determined by a live

voice presentation of the Campbell Word List.
The otoadmittance meter was checked for calibration at the beginning of each test day.

Tympanometry was administered using the Grason-

Stadler Model 1720, and the admittance values were plotted by means of

a Hewlett-Packard, Model 7035B X-Y recorder.

The values for conductance

and susceptance were plotted for each of the two test frequencies, 220
and 660 Hz, under conditions of decreasing ear canal pressure {from

+200 to -200 nun H o).
2
The otoadmittance meter was used in the IAC room, although a
sound-treated room is not necessary for the administration of
aetry.

~ympano

The subject was seated in a chair facing the instrument, and

the examiner explained the procedure to him as the test progressed.

The subject was told to refrain from talking or moving, and to avoid

any unnecessary swallowing, yawning, clearing of throat, or coughing.
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The subject was

all~ed

to view the meters on the instrument.

This

reduced extraneous movements since he was able to note the needle movement caused by moving or swallowing.
After obtaining an airtight seal in the subject's ear, the first
recording of susceptance was made at 220 Hz, from conditions of positive
to negative pressure, and then at 660 Hz.
to record conductance at 220 Hz and 660 Hz.

The same procedure was used
The pressure was returned

to the maximum value of admittance and the reflex thresholds were noted.
·The procedure was as follows:

pure tones were presented via earphone

to the ear opposite the probe tip.

The otoadmittance meter was set to

the AGB position which centers both meters and increases the sensitivity of the instrument.

Tone presentation was administered in

a~cending

5 dB steps and the acoustic reflex threshold was determined if either
meter showed a ten percent deflection of the needle to the left.
Fifty ears of the eighty tested proved to be "normal" and were
used in this investigation; sixteen ears or twenty percent of the sample
produced tympanograms suggestive of a healed perforation.

According to

Jerger (1974), at least fifteen percent of "normals" display this "w"
shaped tympanometric configuration.

Nine ears in this sample produced

configurations that were shallow or flat, or a tracing which was not
within 50 mm H2o of ambient air pressure; and a seal could not be
obtained on five ears.

From this sample of forty older adults, both

ears of nineteen subjects were normal and were included in this study;
twelve subjects had only one normal ear that could be utilized.
Retesting
Tympanometry was re-administered as a check of reliability within
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a two-week period to six of the subjects and a total of ten ears was
utilized from this sample.

One of the subjects reported a problem

which was indicative of conductive pathology at one ear.

Administration

of tympanometry revealed the presence of conductive pathology, later
confirmed by otoscopic examination.

One ear of another subject proved

impossible to seal during the retest session.

CHAPTER IV

RESULTS AND DISCUSSION
Results
The ranges for conductance and susceptance obtained from an older
adult population are displayed in Figure 4 in template form.
and lower tracings at 0 mm
percentile points.

e2o

The upper

pressure represent the 90th and 10th

TABLE II presents these same data 'plus the ranges

and medians for admittance (YA) and impedance (ZA).

For comparative

purposes, the figures obtained from one hundred normal ears (Feldman,

1974) are included on the table.

TABLE III includes group data for conductance, susceptance, admittance and impedance obtained from the older adult group.

Included on

the table are results reported by other researchers and obtained by them
from "normal, young adult groups."
Means and standard deviations for reflex thresholds are shown in

TABLE IV.

Reflex thresholds were obtained at 500, 1000 and 2000 Hz and

the data were averaged because there was no significant difference related to the stimulus frequency.

Reflex thresholds were slightly better

at the higher probe tone (660 Hz), but the difference between the 220
ancf 660 Hz probe tones was not significant.

(1912) are displayed.

Similar data from Porter

He pointed out that the thresholds obtained using

the 660 Hz probe were more acute than those from the 220 Hz probe, but
that the largest difference was less than the usual 5 dB step utilized

in clinical determination of thresholds.
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Figure 4. Ranges of SO normal ears obtained from an older adult population. The
upper and lower boundaries at O mm H2o and 200 mm H2o pressure are the 90th and
10th percentile respectively.
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TABLE II
SUSCEPTANCE, CONDUCTANCE, ADMITTANCE IN HMHOS
AND IMPEDANCE IN OHMS1
MEDIANS .AND RANGES

660 Hz

220 Hz

BA

GA

YA

ZA

BA

GA

YA

z,

50 Normal Ears
(Fine)

80% Range

.3-.65

.15-.5

.34-.74

1240-1856

.s-1.s

1.2-3.8

1.35-3.97

252-735

Medians

.s

.3

.ss

1715

1.0

2.s

5.28

367

.3-.75

.os-.35

.33-.85

1124-3048

.9-2.45

l.0-4.2

1.38-4.S

220-715

• is

• 52

1856

100 Normal Ears
(Feldman, 1974)
80% Range

Medians

· •s

409

TABLE III
GROUP DATA FOR CONDUCTANCE, SUSCEPTANCE, ADMITTANCE
IN MILLIMHOS, .AND FOR IMPEDANCE IN OHMS

Older Adults
(Fine)
n • SO ears
59-83 years
Young Adults
(Porter, 1972)
n • 36 ears
18-40 years

Cond.
GA

Suse.
BA

Admit.

Imped.

YA

ZA

1895
690

2.47
l.oo

1.12
.53

2.12
1.04

435
203

.79

1265

2.75
1.01

1.01
.48

2.93

341

.6S

.71

1616.1

1.91

1.29

2.34

509.4

.13

.23

.28

574.9

1.09

.54

1.16

294.9

.28

.58

1.7

.83

.24

.23

1.0

.so

Cond.
GA

Susc.
BA

Admit.

xs.d.

.32
.16

.49
.16

.59
.21

x

-

• 35

• 71

s.d.

.oa

.22

-

.26

Young Adults
x
(Dirks & Morgan,1973)
n • 104 ears
s.d.

-

Young .Adults
x
(Jacobson et al.,1973)
n = 60 ears
s.d.
18-30 years

YA

Imped.
ZA

N

.....
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TABLE IV
GROUP DATA FOR ACOUSTIC REFLEX THRESHOLDS
Older Adults

Fine

Adults

n=23

Porter (1972)

n•l8

x

-

s.d.

-x

220 Hz

94.2

9.20

88.2

5.78

660 Hz

92.9

9.15

85.9

6.20

Probe tone

s.d.
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Six of the forty subjects were retested within a two-week period
using the same procedures as originally employed.
ears were not included in this correlation:

Two of the subjects•

one appeared to have a mild

middle ear infection in one ear resulting in a negative excursion in
the tracing for that ears the other subject had one ear upon which a
seal could not be obtained.
of ten ears were used.

Therefore, from the six subjects, a total

The means and standard deviations for these

ten normal ears are shown on TABLE

v.

The results of the Pearson

· Product-Moment Correlation between the first and second test procedure
revealed a high correlation and were significant at the levels shown.
Discussion
The ranges for BA and GA obtained from a normal older adult population are shown schematically on Figure 4.

The upper and lower bound- .

aries of each measurement represent the 90th and 10th percentile points
at ambient

atm~spheric
l_

pressure.

Measurements obtained from otologically

normal older adults will fall within the limits displayed.

The config-

urations do not necessarily portray the actual shape of the tympanogram
obtained from changing air pressure in the ear canal.
The ranges and medians for BA' GA' YA' and ZA are reported on
TABLE II, as well as those reported by Feldman (1974) for one hundred
normal ears obtained from a younger sample.
susceptance (BA) at 220 Hz is
of

.s

.s

The median value of

mmho and agrees with

obtained on one hundred normal young ears.

feldman~s

value

The median values for

the other measurements are in good agreement as well.

Feldman stated

that prior to his study, there were no reports of similar measurements
with the otoadmittance meter.

However, on TABLE III are gathered group

TABLE V
10 NORMAL EARSa

.Probe tone
frequency

Initial test
x

-

Retest
x

-

TEST - RETEST
Initial Test
s. d.

Retest
s.d.

r

B 220 Hz

.49

.43

.13

.17

.765

< .01

G 220 Hz

.29

.29

.13

.09

.905

< .001

Y 220 Hz

.57

.s2

.16

.19

.874

<.

.799

L... .01

Z 220 Hz

1886.5

2192.1

602.9

787.8

.001

B 660 Hz

1.19

1.06

.57

.51

.97

<. .001

G 660 Hz

2.57

2.21

.89

• 77

.as

Y 660 Hz

2.69

2.ss

.97

.74

.90

< .01
< .001

.73

<.02

Z 660 Hz

Critical Values for rs

428.8

.001 • .872
.01 •• 765
.02 •• 716

420.0

93.0

108.5
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data for these measurements as reported by Porter (1972), Dirks and
Morgan (1973), Jacobson et al. (1973), as well as the older group investigated in this study.

The latter three researchers utilized what

they termed "normal young adult" populations.

Upon surveying their

results, it can be seen that there is a wide variance among the three
studies, particularly those obtained with the 660 Hz probe tone.
Porter (1972) found that the reflex thresholds obtained from his
young normal group were slightly more acute using the 660 Hz probe tone.
This was true with the older group as well, but not at a significant
level.

Some researchers believe that the higher frequency probe tones

(660 or 800 Hz) are preferable to 220 Hz because the change in impedance which occurs with the reflex muscle contraction is greater near
the resonant frequency of the middle ear

1972).

(M~ller,

1960; Linden et al.,

However, Jerger (1974) found that by manipulating the probe tone

frequency, there is a point at which the reflex disappears.
normals, this occurs between 600 and 700 Hz.

In most

Therefore, when investi-

gating abnormalities. in the acoustic reflex, the least desirable frequency range to use would be between 600 and 700 Hz.
Clinical Observations
The results of this investigation on the aging are consistent with
tympanometric values obtained by other investigators on normal young
adults.

This suggests that the otoadmittance meter is a valuable ad-

junct in the routine examination of older adults as well as in.younger
populations where it has already been established as a necessary part
of the audiologic examination.

In addition to the forty subjects se-

lected to participate in this study, the otoadmittance meter has been

32

used routinely in the assessment of older adults referred to Portland
State University's Project ARM (Auditory Rehabilitation Mobile), a
service designed to aid the low-income hard-of-hearing elderly.
The otoadmittance meter is relatively simple to operate and the
complete recording of the tympanogram and the acoustic reflex thresholds for both ears can be completed in approximately twenty minutes.
The procedure is not uncomfortable to the subject and an adequate seal
can be quickly obtained in nearly all cases.

Among the subjects used

in this investigation, a seal could not be obtained in one female in
one ear and in two male subjects in both ears.

One of the latter sub-

jects voluntarily returned to the clinic on three occasions, but a seal
was not secured because of his abnormally large ear canals.

In most

cases, an adequate seal is obtained on the first attempt.
One of the interesting aspects of this investigation related to
the nwnber of ears that were found, upon inspection, to be otQlogically
·normal, but whose tympanograms indicated the presence of a healed perforation.

From the eighty ears included in this survey, sixteen pro-

duced configurations suggestive of a scarred tympanic membrane.

The

subjects claimed no memory of middle ear infection and scarring was not
noted during otoscopic examination.
Ears having a healed perforation usually yield distinctive tympanograms.

At 660 Hz, the conductance.(GA) curve will exhibit a large

amplitude with a single peak and the susceptance curve (BA) will display a notch which may coincide with the conductance peak.
is a schematic drawing of this type of tympanogram.
four tracings will display sharp peaks.

Figure 5

In some cases, all

The greater amplitude of the

configuration.precludes measurement of conductance and susceptance
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Tympanogram resulting from a healed perforation (Otoadmittance Handbook~, 1973).
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(static impedance), and invalidates the use of tympanometry in the
differential diagnosis of middle ear pathologies.
Research Implications
Although the present investigation provides data on a small number of subjects, a larger sample should be utilized in order to establish additional normative data on an otologically normal older adult
population.

Research may be

directed~

not only toward between-subject,

but between-ear measurements on this age group.

Additionally, the

reflex thresholds should be measured across the entire frequency range
on normal young and normal older adult groups, and an analysis of
variance made.

These additional data would make possible the utiliza-

tion of the otoadmittance meter for clinical use with aged subjects.

CHAPTER V
SUMMARY AND CONCllJSIONS
Investigations utilizing electroacoustic measuring instruments
designed to evaluate middle ear functioning have been made on children
and on young adult populations.
pu~lished

It appears, however, that there is no

research data available on tympanograms obtained from an

elderly population.

The results of the present study show that the use

.of tympanometry is valuable in the assessment of the status of the
middle ear in the older adult as well as in younger populations.

The

purpose of the present study was to examine tympanometric configurations
obtained from an otologically normal, older adult population.

The

information obtained may be used toward establishing working normative
values using an otoadmittance meter.
The question under investigation was:

What are the differences,

if any, between tympanograms obtained from a normal young adult and
those obtained from a normal older adult.
to participate in this study.

Forty individuals were chosen

They ranged in age from 59 to 83 years

of age and each had auditory acuity commensurate with his age.

All of

the subjects had a negative history of middle ear pathology and had
normal tympanic membranes as determined by otologic examination.

From

th& eighty ears tested. fifty were used in this survey.
Four measurements were obtained at each ears

conductance and

susceptance at 220 Hz, and conductance and.susceptance at 660 Hz.
eacl'l subject, the 220 Hz probe tone was utilized first.

For

The measurement
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under consideration was the amplitude of the curve obtained, and admittance was calculated from the conductance (GA) and susceptance (BA)
components.

Additionally, acoustic reflex thresholds were obtained

from this population.

The basis of these findings led to the following

conclusionst
1)

Tympanometry has been found to be a valuable adjunct in the

.assessment of the status of the middle ear in the older adult.
2)
of

Results indicate that the values obtained for the measures

~onductance

and susceptance are comparable to those obtained from

young adult groups.
3)

The reflex thresholds are slightly higher (worse) in the

older group than the younger group because their hearing thresholds are
not as acute as those found in younger populations.
4)

A larger percentage of the older population than might be ex-

pected was found to have evidence of healed perforations which were not
found during otoscopic examination.

These perforations affect the

shape of the tympanometric configuration and may possibly obscure other
pathologies.
The present investigation demonstrated that additional normative
data are needed in order that the otoadmittance meter be fully utilized
with older adult populations.
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