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| NTRCDUCTI ON

The progress in science and technol ogy has vyi el ded
beneficial results which has nade rapid progress in al
t he spheres of audiol ogy such as rehabilitation, nanage-
ment and the diagnostic aspects. Acoustic-imittance
nmeasures have especially proven valuable in a variety of
di agnostic applications. For instance, tynpanonetry and
acoustic reflex neasures are routine test procedures in
nost audiology clinics (Martin and Slides, 1985). These
sane neasures formthe basis of test protocol recomended
by Aneri can- Speech- Language- Hearing Associ ation for the
screening of Mddle Ear functions (ASHA 1979).

Inspite of clinical popularity of acoustic immttance
nmeasures, there are surprisingly fewreports of the nornal
confidence limts and variances for such neasures. Furthernore
the previous reports of normative acoustic immttance data
have been limted in their application. For instance,

Zw sl ocki and Fel dman (1970) reported static acoustic
ImMmttance neasures for a popul ati on of normal subjects.
These data, were however obtained with an instrunent (G ason-

Stadl er 2w sl ocki bridge) that is no |longer commercially

avai | abl e.

Al though there are other reports of tynpanonetric and
static acoustic immttance findings in nornmal ears, the

conparison and clinical ability of these data are limted

due to -



a) installation differences

b) the typical absence of reported calibration measures or
st andar ds

c) the lack of reported variance neasures associated with
sanpl e neans

d) differences in the variances and units of neasurenent

(Wley, Oviatt and Bl ock, 1984).

Advances with respect to inmttance audi onetry have
concentrated not on only one aspect. The roots have gri pped
all the aspects, be it the equipnents, accessories or the
testing parts. One of the recent devel opnents is the
Grason-Stadl er M ddl e Ear Analyzer Version 2 which is a
hi gh tech, m croprocessor based adm ttance instrunent
designed to be used in a clinical or research setting. It
contains total capabilities for conplete, automatic or
manual di agnostic testing for analysis of mddl e ear

functi on.

Acoustic immttance is a general termused to refer
to acoustic energy transfer to the eardrum regardl ess of
the manner it is nmeasured. When sufficient sound pressure
is applied, the mddle ear and inner ear are set into notion.
The m ddl e ear systemis not a perfect transducer of energy
and so not all of the energy that inpinges on the tynpanic

menmbr ane actually flows through the m ddle ear transm ssion



system The m ddl e ear system opposes the transfer of
energy to sonme extent. This opposition to the transfer
of acoustic energy is terned acoustic inpedance (Z,) .

In the sanme nmanner, the resulting energy flow or transfer
of air pressure changes at the eardruminto novenents
within the cochlear fluids is terned acoustic admttance
(Ya) . Since either neasurenent systemcan be used, the
termacoustic immttance refers to either acoustic

| npedance or acoustic admttance.

The conponents of acoustic inpedance are resistance
and reactance. Acoustic resistance refers to the anount
of sound energy dissipated within the mddl e ear system
due to friction and cochl ear consunption. Reactance
refers to the anount of energy stored and then refl ected
to the mddle ear system The reactive conponent is

conposed of mass and stiffness.

Acoustic admttance ( Ya), which is reciprocal of
acoustic i npedance (Z,) consists of two conponents nanely
acoustic susceptance (B, and acoustic conductance (C,)
which are the reciprocal s of reactance and resistance
respectively. Susceptance is a neasure of flow of energy

t hrough reactance whil e conductance is a nmeasure of flow



of energy through resistance. The relationship between

adm ttance, susceptance and conductance can be represented
as foll ows:

The susceptance T
Bas(f | ow associ at ed
wth -ve reactance)

-ve susceptance
Bawm (flow associated 4%
with +ve reactance) o

v

Appl yi ng Pyt hagorean Theorem

Y ‘ / ~z‘ A - -2 -----
By *
Acoustic admittance = /(... ustic susceptance)2 +
{acoustic conductance

)2

Adm ttance of sound energy fromthe earcanal to the
cochlea is influenced by physiological factors:
a) GOssicular (bone) nass in the m ddl e ear
) Elasticity of conpliance of the tynpanic menbrane.
c) Stiffness of liganents and nuscul ar attachnents
) Mass and friction effects resulting fromthe flow of
sound through the mddle ear.
e) lInteraction of the mass of fluid in the cochlea and

stiffness of the basilar menbrane.
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From an instrunentati onal and conputational point of
view, it 1s often easier to neasure acoustic admttance
(Ya) or energy flow It is not possible to neasure
| npedance directly because it is an intangible quantity
that nust be arrived at interentially. Hence admttance

I's generally neasured instead.

The response of the mddle ear systemto an acoustic
stimul us such as the probe tone may be neasured as a
response of the systemas a whole, or neasured as the
response of each conponent Wiich contributes to the total
response. A neasurenent of the total response provides
an "overview' of how the mddle ear systemresponds to the
probe tone wi thout providing any infornmati on about the
status of each conponent. If the tynpanic nenbrane is
normal , a neasurenent of the total response at 226 Hz
provi des sufficient data to assess mddl e ear function.
However, if a tynpanic nenbrane abnornality exists, it
masks the true status of themddle ear. 1In this case,

a neasurenent of each conponent will yield nore information
regarding the total state of the mddle ear system This
Is particularly true with probe tone frequencies of 678 Hz
or above. This is because at | ow frequencies, the nornal

mddl e ear systemacts as a stiffness controlled system
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but: at frequenci es above resonance, it acts as a nass
control | ed system Wereby not chi ng appears on the
tynpanogram M ddl e ear pathol ogi es affect the resonant
poi nt of the system A measurenent of the contribution
of each conponent at the hi gher probe tones provide
val uabl e informati on about the status of the mddle
ear system Admttance in such cases is neasured in

acoustic mmhos (1 acoustic mmho = 10" / Pa. S)*

Tynpanonetric gradient is a quantitative description
of the shape of a tynpanogramin the vicinity of the peak.
There are two nethods of cal culating the tynpanonetric
gradient. The first nethod is by changing in ' conpliance'
frompeak value to the val ue obtained at a pressure

i nterval of 50 dapa on either side of the peak.
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The second nethod is based on determ ning the width
of the tynpanogramin dapa at one half or 50%of the
anplitude (height) of the tynmpanogram The new gradi ent

value is a positive integer pressure val ue.

According to the American Speech-Language-Heari ng
Association (1989), the 90%ranges for tynpanonetric
wi dt h of normal persons are 60-150 dapa in children and

50- 110 dapa in adults.

The vol unme of the ear canal (physical volune) is
esti mated when the admttance value is neasured at a high
positive pressure such as 200 dapa. |If the eardrumis
intact, the volune estimate at 200 dapa is of the ear
canal only and should average 0.7 cm in children to I.lcnt

in adult mal es.

Clinical neasurenent of conplex acoustic adm ttance
has been directed recently towards the explanation of
enpirical factors that affect thetest' s diagnostic power.
One of the factors is the effect of advanced age on the
tynpani ¢ acoustic admttance. The npbst conmon cause of
hearing loss in the adult population is presbyacusis which
is a descriptive termused to denote a common but not

uni versal deterioration of auditory function coincident
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with aging. There have been studies indicating that
there is an increase in acoustic admttance with respect
to age (Sweitzer, 1964; Beattie and Leany, 1975). The
studi es on establishing a nornmative data of admttance

in the geriatric popul ati on have been very limted. A

few are quoted here.

Beaty and Lemy (1975) reported a nean static adm -
ttance of 3.43 mmho for the younger (17-29) group and
5.25 nmrho for the ol der group (60-78) for a 660 Hz probe

t one.

Bl ood and G- eenberg in 1976 col | ected acoustic
admttance data at 220 Hz probe tone. The result indicated
that the nmean of acoustic admttance for the age group of
50-59 years was 0.85 nmho, 0.81 nmmho for 60-69 years age
group and 0.60 nmrho for 70 years and over.

Anat om cal studi es have suggested specific variations
in the ossicular joints, stapedius nuscle and tynpanic
menbr ane wi t h advanced age (Covel, 1952; Harty, 1953;
Rosen Wasser, 1964) . But the influence of these changes

on neasures of static acoustic admttance i s unknown.

There is a lack of normal confidence limts for
acoustic - admttance neasures which severely limts the

clinical application of such data. These normal limts



are diagnostically critical not only for contrasting
nmeasures in normals and pathol ogi c ears but for nonitoring
changes in the status of the auditory system associ at ed

wi th progressive di sease process, treatment or surgery.

Accordingly the purpose of the present study is to
provide a prelimnary database (nornative data) for
acoustic admttance measures and its conponents nanely
t he susceptance and conduct ance, and the tynpanonetric
gradient in the geriatric popul ation using the G ason-

Stadler M ddle Ear Anal yzer 33 version 2.
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NEED FOR THE STUDY :

Recent reports have indicated that the agi ng process
alters the selected aural acoustic irranittance characte-
ristics of the mddle-ear transmssion system (A berti
and Kri stensen, 1972; Handl er and Margol | s, 1977; Jerger,
Hayes, Anthony and Maul din, 1972; Silman, 1979 (b); S| nman
and CGel fand, 1979; Jerger, Jerger and Maul din, 1972;
Thonpson, Sills, Recke, Bui, 1979, 1980). The results of
the study revealed that static immttance changes are
m ni mal upto approxi mately 60 years. Moreover, Nerbonne
et al. (1978) presented a study on variation of static
conpliance with age. He found a slight but not significant
tendency for static conpliance values to reduce with age.
The present study is ained at validating the results

obtained with respect to Indian geriatric popul ati on.

Wley, Oviatt and Block in 1984 did a conparative
anal ysis of static values at 220 Hz for subjects with single
peaked 660 Hz tynpanograns and for subjects wth notched
660 Hz tynpanograns but single peaked 220 Hz t ynpanogr ans.
They found that the static neasures for both acoustic
adm ttance conponents (acoustic susceptance and acoustic
conduct ance) and bot h nmeasurenent conditions (peak pressure
and anbi ent pressures) were slightly higher for subjects

wi th notched 660 Hz tynpanograns conpared to static val ues
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of subjects with single-peaked 660 Hz tynpanograns. The
aimof the present study is to conpare the physical vol une,
peak pressure and static admttance and its conponents at

| ow and hi gh frequency probe tones.

Jerger in 1972 reported that mal es show hi gher acoustic
conpliance than fenales at all ages, Gsterhamrel and
Csterhamel in 1979 studied sex variations for the tynpanomne-
tric conpliance val ues on 286 persons in the ages of 10-80
years and reported that there was no dependency of conpliance
val ues on sex. Thus, this study is to validate the above
obtained results in the geriatric popul ation and find out the

significant difference invalues, if any, in the nal es and

f enal es.

Most of the studies concerning the relationship between
acoustic irnmttance and interaural difference indicates that
there is no significant differences in the immttances val ues
obtai ned for both ears (WIson, Shanks and Vel da, 1981
Creten, Van de Heyni ng and Van Canp, 1985). Gsterhamel and
Csterhamel in 1979 studied the right-left differences for
t he tynpanonetric conpliance val ues on 280 person in the ages
of 10-80 years. The results indicated a very small right-Ileft
differences in the absol ute conpliance val ues. The present
study is tovalidate the results of above studies and to
estimate the significant differences between the right and

| eft ears in terns of admttance val ues.
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There have been a lot of studies done to establish
normative data for adm ttance, conductance and susceptance
in adults and children (Wley, Oviatt and Bl ock, 1984;
Brooks, 1971; Jerger et al. 1972; Porter, 1972). But the
normative data on geriatrics for admttance, conductance
and suceptance is very rare (Beaty and Leany, 1975] Bl ood
and Greenberg, 1976) and hence this study has been under -

t aken.

AlM OF THE STUDY:

1. To establish norns for admttance and its conponents,
namel y conductance and susceptance and for the gradient

in the geriatric population (above the age of 50 years).

2. To study the effect of three different probe tone
frequencies namely 226 Hz, 678 Hz and 1000 Hz on -

a) adm ttance tynpanogram (peak pressure)

b) admttance at the tynpani c menbrane

c) ear canal vol ume.

3. To conpare the above mentioned paraneters in nales and females
and to estimate the significant difference between the two

popul ati ons,
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4. To find the significant difference between the above

nmenti oned paranmeters in the right and left ear.

5. To find the significant difference between the gradient
val ues at 226 Hz between nal es and fenales and the right
and |l eft ears.
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REVI EW CF LI TERATURE

Ef fects of aging on hearing

The gerentol ogi sts indicate that the aging process
begi ns even before birth. The nost recent studies of
hearing in humans indicate that the sensitivity for
puretones increases until puberty is reached after which
there is a long, slowdecline particularly for frequen-

ci es around 4000 cycl es per second.

The process of aging in individual cells has been
subject to extensive research but i3 still inconpletely
understood. The effect of aging on the sound conductive
nmechani smof the m ddl e ear has been studied by N xon
et al. (1962). They found a slight inpairnent of trans-
m ssion of sound in the f requenci es above 2 KHz with a
maxi mum ef fect of 12 dB at 4 KHz. This inefficiency of
sound transm ssion was due to alterations in the elasti-
city of the tynpani c nenbrane and changes in the ossicular

joints and tendons.

The nost common cause of hearing loss in the adult
popul ation i s presbyacusis which is a descriptive term
used to denote a common but not universal deterioration
of auditory function coincident with aging. It is probably

t he cunul ati ve effect of a nunber of disorders or insults
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contributing to the anatom c and physi ol ogi c degenerati on
of the auditory system Age related alterations of the
auditory systeminclude |oss of elasticity of pinna and
external auditory nmeatus, freckling of the auricle, exce-
ssive coarse hair growth in the pinna, increased pinna
size, a stiffened and nore translucent tynpanic nenbrane,
stiffening of the ossicular chain, degeneration of the
sensory hair and support cells and stria vascul aris,
decrease in the nunber of functional spiral ganglia and
the eighth cranial nerve fiber, loss of elasticity of the
basi | ar nmenbrane, reduced cochl ear supply, reduction in

t he nunmber of functional neurons in the central auditory
system and cortical atrophy (Belal and Stewart, 1974,

Cal avita, 1978; Crowe, Guild and Pal vogt, 1934/ Hansen and
Reske- Nei | son, 1965; Kirikae, Sato and Shitara, 1964;

Kr npoti c- Nemani ¢, 1971; Nadol, 1981; Nerbonne, 1988;

Rasmussen, 1940).

The hearing | oss associated with presbyacusis is a
gradual |y progressive bilateral sensorineural hearing |oss
Wi th excessive reduction in speech discrimnation ability
in terns of the degree of sensitivity |oss. The puretone
audi ogramis characterized by a gradual reduction in
sensitivity in the high frequency portion of the range

increasing in severity as a function of age. The average
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audi ograns of persons over the age of 30 show sone degree
of high frequency hearing loss. By the tinme age 80 is
reached, a |arge nunber of persons will show an average
puretone loss for the three md frequencies (500 Hz, 1K
and 2 KHz) of 30 dB or nore.

Till date the histologic correlates of aging in the
central nervous systemare not full understood and agreed
on and noreover the findings are not specific for a single

eti ol ogy.

Thus, it could be concluded that a flaccid or a stiff
t ynpani ¢ nenbrane woul d af fect the tynpanonetric results.
If the tynpanic nenbrane is flaccid, the admttance

Increase and if stiff, the admttance decreases.

Nor mati ve data on acoustic i mmttance:

Even though acoustic immttance neasures have proven
valuable in a variety of diagnostic applications, very few
reports of the normal confidence limts and vari ances are
avail abl e for such neasures. A fewof the results of the

normative data by different authors woul d be summari zed

her e.
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Fel dman in 1967, Bicknell and Morgan (1968) and Burke

and Nilges in 1970 established norns for conpliance val ues

in adul ts.

125 250 500 750 i 000 1500
Pel dman 0. 5- 0.45- 0.5- 0. 65- 0. 65-
(1968) 0.9 0.9 1.0 1.3 2.95
Bicknell and 0.3- 0.3- 0.4- 0.6- 0.8- 0.8-
Morgan(1978) 1.0 1.0 1.3 15 2.5 34
Burke et al 0.45- 0.45- 0.5- 0.5- 0.5- 0.5-
(1970) 1.2 1.0 1.2 1.3 1.45 1.35

The norns established by Fel dman (1968) and Burke
et al. (1970) seens to be in better agreenent with each
other. The norns provided by Bi cknell and Morgan (1968)
have wder limts and therefore seemto give rise to a

hi gher nunber of fal se negatives than do the other two.

St udi es were done that neasured static immttance in
accordance wi th the recommended gui del i nes (MAX-M N net hod) .
The punp seeds used were in the vicinity of 30 dapa/sed.
The val ues should be useful for all subjects above 6 years.

The norns are as fol |l ows:
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B G Y Z

Lower [imit 0.44 0.20 0.50 570

226 Hz Median 0.83 0.37 0.91 1104
Upper Iimit  1.60 0.87 1.75 2000

Lover limit  0.98 0.75 1.50 260

678 Hz Median 1.53 2.29 2.90 345

Upper Ilimit 2.22 3.94 3.80 670

From this table, it is evident that at 226 Hz, suscep-
tance is larger than the conductance whereas at 678 Hz
susceptance and conductance are approximately equal with

conductance values often exceeding the susceptance values.

Beaty and Leamy (1975) cited in Thompson, Sills,
Recks, Bui (1979) used two groups of subjects ages 17-29
(N=20) and 60-78 (N=20). For a 660 Hz probe tone, they
reported a mean static admittance of 3.43 mmo for the

younger group and 5.25 mmho for the older group.

Blood and Greenberg (1976) cited in Thompson, Sills,
Recks, Bui (1979) collected acoustic admittance data at
220 Hz from twenty persons in each of the age categories
50-59 years, 60-69 years and 70 years and above. The results
indicated that the mean of acoustic admittance for the age
group of 50-59 years was0.85 mmho, 0.81lmmho for the age group
of 60-69 years and 0.60 mmho for the age group of 70 years

and over.
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I nfl uence of probe tone frequencies on acoustic admttance:

Not nuch difference exists between neasurements with
the different probe tones (low and hi gh frequency) in nornal
ears in ternms of pressure information, the nmagnitude of static
acoustic inpedance or shape of the tynpanogram but there
are differences which appear in abnormal ears which do
i nfl uence static neasurenents and t he tynpanogram shape,
but not the pressure determ nation. The commonly used probe
tones are 200 Hz, 660 Hz and 800 Hz. Each of these frequen-

ci es have their own advantages and di sadvant ages.

Terkeil dson and Scott-Neilson in 1960 made use of 220 Hz
probe tone in their experinments because -
1. The acoustic characteristics of the then avail able m cro-
phones did not have a linear response at high frequencies.
At |ow frequencies the main constituent of inpedance is
the stiffness reactance and hence it was easier to
control the phase conponent which arises fromthe zero-

bal ance principle.

2. The reflex thresholds for |ow frequency sounds is at a

hi gher intensity than for high frequency tones.

3. At lowfrequencies, the wavelength is |long enough to avoid
the arousal of resonance which facilitates the calibration

of the bridge.
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Li den and hi s associ ates (1970, 1974 a & b) rai sed
doubts on the validity of 220 Hz probe tone in tynpanonetric
neasurenenta. Recently many investigators have stressed on
t he use of high frequency probe tone (Berry et al. 1975 a;
Creten et al. 1980; Fel dnman, 1976 b; Newmran, 1976; Van Canp,
Raman and Creten, 1976) because -

1. A 220 Hz tone depicts changes instiffness conponent al one.
On the other hand, a 800 Hz tone depicts changes in both
react ance and resi stance conponents of inpedance (Ml ler,
1965; Cited by Liden, Harford and Hal Il en, 1974 a) .

2. Changes in the mddl e ear resonance do not affect the
t ynpanogram obt ai ned with a 220 Hz probe tone, while they
have a clear influence on the tynpanograns obtained with
a 660 Hz tone. Their influence is nmaxinally evident at
800 Ha which is close to the resonant frequency of the
m ddl e ear (Liden, Harford and Hal l en, 1974 a).

3. As the pressure in the ear canal is changed, interaction
occurs between changes in the resonance characteristics
of the mddle ear and the frequency of the probe tone.
These interactions are greater and woul d be nore pronounced
at 800 Hz than at 220 Hz. This results in notching or
undul ati ng tynpanogramin the case of ossicular chain
discontinuity (Liden, Harford, Hallen, 1974 b) .
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4. The abnornalities noted in the tynpanogramat 625 Hz
ana 800 Hz may al so be associated with the wave | ength
of these frequencies in relation to the dinensions of
the tynpanic cavity. At 220 H,, the wave length is
| arge and therefore, there are no fluctuations in the
tynpanograns. This is the reason why tynpanic
nmenbrane abnornalities manifest nore clearly at higher

frequenci es (Liden, Peterson and Bj orknman, 1970).

The use of high frequency probe tones seens to have
sone significance while testing cases w th conbinations
of mddle ear defects. Feldnman (1974 b) thus stressed on

t he i nportance of high frequency probe tones in tynpanonetry.

A berti and Jerger (1974) tested, 1,143 ears with two
Madsen H ectroacoustic bridges. One of the bridges was
nodi fied to produce a 800 Hz probe tone. They found t hat
85%of the ears gave visibly indistingui shabl e tynpanograns.
15%of the ears showed sone difference between the tynpano-

gramebtai ned at the two probe tone frequenci es.

The 15%of the ears which showed differences included
differences both due to Wshape at 800 Hz and those not due
to the occurence of Wshape. Half of these ears had sone

kind of tynpanic nenbrane abnormality. They found that the
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conplexity of the Wpattern increased wth the severity

of tynpani c nenbrane abnornmality. Al though a 800 Hz
probe tone was very sensitive in identifying tynpanic
menbr ane abnornalities, the incidence of Wshape tynpano—
grans in normals was very high. It was concluded that a
800 Hz probe tone is not of a special diagnostic val ue.

It was al so suggested that a 800 Hz probe tone may be

of use in those subjects who give a history of otitis
nmedi a and show a tynpanonetric abnormality (A berti and

Jerger, 1974).

A'W pattern at 660 Hz does not necessarily reflect
a pathology. It only indicates that a part of the system
Is nore nobile. The sane theory al so proves that Wnotch-
ing is perfectly normal at very high probe tone frequencies
(Van Huyse, 1974).

The positive pressure in the ear canal resulted in
hi gher i npedance for frequencies around 800 Hz than for
frequenci es approaching 200 Hz. |t was observed that the
not ch becones progressively deeper when noving to higher
probe frequencies and that it shifts slightly to the left
when noving froma high frequency probe tone to a | ow

frequency probe tone (Mller, 1961).
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The incidence of wpatterns or Wnotching increased
whil e going froml ow probe tone frequencies to high probe

t one frequencies (Liden, et al. 1970).

The magni tude of asymmetry in the acoustic susceptance
tyrnpanogramwas roughly three tinmes greater at 660 Hz than
at 220 Hz whil e the acoustic conductance was symretri cal
(Margolis and Propel ka, 1975).

Later a study was done on seventeen adults and it was
found that this asymetry is nore than that predicted above
(Margolis and Smth, 1977).

The relative occurrence of bell shaped and various types
of Wshaped susceptance, conductance and adm ttance phase
t ynpanograns, at a probe-frequency of 660 Hz on normal ears
wer e studied. The diagnostic val ue of the susceptance,
conduct ance versus admttance-phase representati on of tynpano-
grans was studied on 10 pathol ogi cal mddl e ear systens using
probe tone frequencies from510 Hz to 910 Hz. On conpari son
It was concluded that the admttance phase approach at a
probe tone frequency between 500 Hz and 700 Hz i s good

(Van Canp, Creten, Vande Heyni ng, Decraener and Van Peperstraete,
1983).

A conparative analysis of static values at 220 Hz

for subjects with single peaked 660 H, tynpanograns and for
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subj ects with notched 660 Hz tynpanograna but single peaked
220 Hz tynpanograns was done. It was found that the static
nmeasures for both acoustic admttance conponents (acoustic
suscept ance and acousti c conductance) and bot h nmeasur ement
condition (peak pressure and anbi ent pressures) were
slightly higher for subjects with notched 660 Hz tynpano-
grans conpared to static values of subjects with single
peaked 660 Hz tynpanograns. This is because of |ower resonance
frequency of the mddle ear transm ssion systemfor the
subj ect with notched 660 Hz tynpanogram (Wley, Oviatt and
Bl ock, 1984) and conductance is close to 0 acoustic nmhos

at both frequencies.

Acoustic immttancg and pressure:

The neasurenent of mddl e ear pressure represents an
i nportant diagnostic tool for identifying mddle ear dis-
orders. The tynpani c nmenbrane best transmts sound energy
when the air pressure on both sides of the nenbrane is
equal . Under this condition, the tynpanic menbrane approxi -
mates a vertical position (with respect to ear canal). |If
there i s negative pressure on one side of the menbrane, for
eg, inthe mddle ear, the tynpanic nenbrane will be sucked

intoward the side wth negative pressure ie. the mddle ear.
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Wher eas researchers are in accord regardi ng the range
of tynpanonetric peak pressures consistent with normnal
mddl e ear pressure in adults, they disagree about the range
of tynpanoraetric peak pressures consistent wth nornal
m ddl e ear pressure in children. Brooks (1980), Hol ngui st
and M|l ler (1972), Peterson and Liden (1972) and Porter (1974)
reported tynpanonetric peak pressures between -50 and 450
dapa in adults with normal mddle ear. Hol mgui st and
MIler" s (1972) criterion for normal m ddl e ears was based

on otom croscopi cally normal tynpanic menbranes.

The lower Iimt of the range of tynpanonetric peak
pressures considered with normal m ddle ears in children
varies considerably from study to study and has been reported
to be as high as - 30 dapa and as |low as -170 dapa (Brooks,
1968* 1969; Fel dman, 1975: Jerger, 1970: Liden and Renvall,
1978# Renval |, Liden, Jungert and Ni |l sson, 1975). Very few
of these studies based on criterion of mddle ear nornal cy

on the presence of normal otoscopic findings.

Terki |l dsen and Thonsen (1959) and Terkil dsen (1968)
suggested that the inpedance of the m ddl e ear system approaches
infinity and adm ttance approaches 0 acoustic nmhos when
consi derabl e tension is placed on the tynpanic nmenbrane ie

when the ear canal pressure is 200 dapa. Immttance neasured
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under this condition is attributed to the tynpanic nmenbrane

al one. Two assunptions are based on this -

a) ear canal volunme does not change appreciably when ear
canal pressure is varied.

b) the inpedance at the tynpani c nmenbrane approaches infinity
(adm ttance approaches 0 nmhos) when the ear canal is

presuned to 200 dapa.

The first assunption was rejected when the ear canal
vol ume changed by a nean of 113 ml over the + 400 dapa range

when tested in eight normal subjects.

The second assunption was tested conparing estinmates of
ear canal volume from susceptance tynpanograns with a direct
measur enment of ear canal volune adjusted for changes in
vol ume due to changes in ear canal pressure. This failed to

support the second assunption.

Newman and Farger (1973) pointed out that a high pressure
difference across the drum (3-5 kpa attained in the tails of

t he tynpanogran) bl ocks the mddle ear systemleading to zero

adm ttance at the drum

On the other hand Margolis and Smth (1977) put forth
t he hypothesis that extreme positive and negative ear canal

pressures drive the mddl e ear systens to finite and unequal

adm tt ance.
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Moreover Rabinowitz (1977) stressed the fact that even
at extrene pressure differences across the drumthe person
under test still hears the probe tone, which neans that the
m ddl e ear systemis not conpletely bl ocked. A snal
residual admttance at the drumis thus expected at both
positive and negative ear canal pressures. A residua
susceptance at the drum exists both for high positive and
hi gh negative transtynpanic pressure. The susceptance for
negati ve pressure across the drumis nostly |arger than the

susceptance for a positive pressure across the drum

a) Rate of ear canal pressure change:

The rate of ear canal pressure change has a significant
effect on tynpanonetric anplitude and shape and therefore on

static acoustic immttance.

Creten and Van Canp (1974) reported a 50%increase in
anpl i tude when the pressure rate was increased from | dapa/ sec

to 30 dapa/ sec.

Several other investigators have noted nore frequent
not chi ng of high frequency tynpanograns recorded at high rates
of pressure change than at [ower rates (A berti and Jerger,
1974; Oreten and Van Canp, 1974; Fel dman, 1976; Van Canp et al.
1976) .
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Shanks and Wl son (1986) studied to effects of rate
of ear canal pressure changes (12.5, 25.0 and 50.0 dapa/sec)
on three tynpanonetric neasures (peak static admttance,
shape and tynpanonetric peak pressure) on twenty four adults
with normal mddle ear transmssion systens at 226 Hz and
678 Hz probe tone. The results indicated that the rate of
pressure change affected the peak static admttance. For
slowrates of pressure change, the tynpanonetric shape was
broader and there was |ess frequent notching but there were
not enough notched data to nmake a strong statenent on the
rate effect. Mreover, the tynpanonetric peak pressure shift

was increased significantly with the rate of pressure change.

b) Drection of ear canal pressure change:

The direction of ear canal pressure change affects both
t he anplitude and shape of the tynpanogram (Porter and W nst on,
1973: Greten and Van Canp, 1974; Margolis and Smth, 1977;
W1 son, 1984).

Creten and Van Canp (1962) and Wl lians (1952) observed
greater anplitude susceptance and conductance tynpanograns wth
a negative to positive recording although the difference in

anpl i tude was not significant.

Porter and Wnston (197 3) cal cul ated the nean val ue of

suscept ance and conduct ance for 220 Hz and 660 Hz probe tones
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for thirty two nornmal hearing adults under three drumtight
and three drumfree conditions for two pressure sweep direc-
tions. The results indicated that in the decreasing pressure
condition all tracings for susceptance at 660 Hz assuned a
rather snooth curve while for increasing pressure condition,

there was a notch in the tynpanogram

The substantial asymmetries in the tynpanograns of nany
I nfants subjects were studied. The acoustic susceptance
tynpanogramw th a 660 H, probe frequency assuned a nonotonically
I ncreasi ng shape as ear canal pressure changed fromnegative
to positive values. The acoustic conductance tynpanograns
were relatively symmetrical. This is due to vol une change
that occured as pressure was varied. Acoustic conductance
val ues were significantly larger for increasing pressure than
for decreasing pressure. Acoustic susceptance at 660 Hz
was slightly smaller for increasing than for decreasing pressure.
There was no significant effect of direction on acoustica
susceptance at 220 Hz. Moreover Wnotching occurs nore
frequently with increasing pressure than with decreasing

pressure (Margolis and Propel ka, 1975)«

The nean acoustic admttance is greater for increasing
(negative to positive) than for decreasing (positive to
negative) pressure change in nornmal ears, although this

effect is not consistant across individuals (WIlson et al.

1984) .
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The tynpanonetri c changes at 226 Hz and 678 Hz across
ten trials ana for two directions (ascending and descendi ng)
of ear canal pressure change on twenty four young adul ts

has been studied. The results can be summari zed as foll ows:

a. The shape of the tynpanogram becones nore conpl ex as the
nunber of trials increase.

b. The changes across trials generally were nanifested as an
increase in admttance, the nmajority of the changes occured
by 3rd to 5th trial.

c. There was an increase in admttance, susceptance and
conduct ance across trials when a 226 Hz probe tone was
used.

d. The nmean 678 Hz susceptance function, particularly for
ascendi ng pressure changes, decreased w th successive
tynpanonetric trials. There was increase in susceptance
magni tude for single peaked group. In the notched group,
t here was a decrease i n susceptance nagni tude (WIson

and Shanks et al. 1984).

Not ching first occurs at a hi gher probe frequency
(610 Hz vs. 510 Hz) and is | ess marked for the descendi ng
than for the ascending direction of pressure changes. For
t he descendi ng direction, the conductance and adm ttance
t ynpanogram show littl e notching for probe frequencies upto
910 Hz (Margolis et al) .
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The ear canal contribution based on different tynpano-
metric pressure estinates were eval uated where the pressure
was reduced from 250 dapa to -600 dapa. The results indi-
cated that the acoustic conductance and acoustic susceptance
val ues reduced for both probe frequencies. There was no
appreci abl e di fference between acoustic conductance and
acousti c susceptance based on ear canal estimates at -250

and -400 dapa, (Wley, Oviatt and Bl ock in 1984) .

The acousti c conduct ance, acoustic susceptance and
acoustic admttance static values variability across subjects
Is lower for static estimates at anbient ear canal pressure
when conpared with static estinmates at the tynpanonetric
peak pressure. This is consistent with the results of
Porter and Wnston (1973 a, b) for young adults and with
that of Margolis and Propel ka (1975) for normal subjects.

The effects of direction (ascending and descendi ng) ear
canal pressure change on peak static admttance, shape and
tynpanonetric peak pressure on twenty four adults w th nornal
m ddl e ear systemat 226 Hz and 678 Hz probe tone was
studied. The results indicated that the peak static adm -
ttance was significantly affected by the direction of pressure

change. The tynpanonetric shape was broader and there was
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| ess frequent, notching for the descendi ng pressure change.
The shape, specified in terns of tynpanonetric w dth of
unnot ched suscept ance, conductance and adm ttance tynpano-
granms showed a significant change with the direction of
ear canal pressure change. At 226 Hz, the negative segnent
of the susceptance and adm ttance tynpanogram i ncreased

by 8-9 dapa and the positive segnent decreased by 3-4 dapa
for descendi ng vs ascendi ng pressure changes. At 678 Hz,

t he negati ve segnent of all tynpanograns agai n was w der
for descendi ng pressure changes by a nean of 32 dapa than
for ascendi ng pressure changes but the positive width
renai ned unchanged wi th direction of pressure change. The
tynpanonetri c peak pressure for all admttance conponents
and bot h probe frequencies changed significantly with the
direction of ear canal pressure changes. Peak pressure
was nore positive for ascending than for descendi ng pre-
ssure changes by 15-38 dapa at 226 Hz and by 7-38 dapa

at 678 Hz. Tynpanograns recorded w th descendi ng pressure
changes tend to be stiffer (ie. consistent with a higher

m ddl e ear resonant frequency), broader and | ess conpl ex
than those recorded in the ascending direction (Shanks
and W1l son, 1986).

Anot her effect of varying direction of pressure change
Is to shift the pressure peak apparently as a consequence

of hysteresis. Beattie and Leany in 1951 studied 660 Hz
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acoustic susceptance and acousti ¢ conduct ance tynpanograns
and found no significant direction effect in a group of
normal hearing young subjects. The nean directional diffe-
rence ranged from 2.2 mmof H o for acoustic conductance
to 7 mmof Ho for acoustic susceptance. They did find a
significant hysteresis effect in an ol der (above 60 years)
adult group with peak differences ranging from 16-21mm

of H,o.

In a study which conpared sone of these variables in
normals and flaccid ears, Wllians (1952) found a simlar
di fference between her two popul ations where flaccidity was
a factor rather than age. However, the nagnitude of the
shift was inconsequential in either group. The maxi num
average shift was about 4 nmof H, for the nornmal subjects

and 9 mmof H,o for the flaccid ears at any speed.

For nost clinical applications it appears that direc-
tion has an inconsequential influence on the peak pressure

poi nt .

c) Nunber of consecutive pressure sweeps

Van Peperstrate et al in 1979 first noted that the test
retest reliability was enhanced if two tynpanonetric sweeps

wer e conpleted prior to data collection.
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Gsgut horpe and Lan (1981) and Wl son et al (1984)
reported a continuous increase in admttance across
successi ve recordings that was |argest over the first
3-5 tyrnpanonetric sweeps. The latter investigators
reported an increase in nean static admttance to 10-18%
across 10 consecutive trials and hypot hesi zed that the
effect is attributive to the viscoelastic changes of the
m ddl e ear caused by repeated extremes of air pressure

introduced into the ear canal .

Acoustic i mmttance and physical vol une

Physi cal volune is a neasurenent of the vol une of
the external auditory canal as a sealed cavity under a
positive pressure of 200 dapa. For children the nornal
vol une peripheral to an intact drumis approxinately 0.6 cc
to 0.8 cc, for adults approximately 1.00 cc to 1.5 cc
(Northern and Grines, 1978). This use of measurenent has

been call ed t he physical volune test (Northern 1976).

Sone investigators regard the ear canal volune as pure
susceptance (Ml ler, 1960; Van Peperstraete, et al. 1979)
whereas other investigators suggest the ear canal vol unme

contri butes sone finite conductance.
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Mol | er (1960, 1972) reported that the ear canal has no
effect on the real conponent of admttance. Ceten did not
assune that the ear canal coul d be nodel ed as pure suscep-
tance. They reasoned that the hairs and cerunen | nthe
earcanal produce some sound absorption and thus a finite
val ue of ear canal conductance. Both susceptance and con-
ductance at a given ear canal pressure are attributed to

ear canal vol une.

The asynmmetries in the tynpanograns were reported by
Margol is and Propel ka (1975) and Margolis and Smth (1977),
suggesting that the asymmetry in susceptance tynpanogramwas
due to vol une change that occured in the ear canal as

pressure was vari ed.

The anplitude and bandwi dth (gradient)are rel ated
inversely to the volune of the ear canal, that is, the
tynpanonetric anplitude and gradient are greater for snaller
ear canal volune. More over the tynpanonetric anplitude
decreases nonlinearly with increase in physical volune. The
change in sound pressure level will be greater and therefore
tynpanonetric anplitude will be greater in snaller ear

canal s.
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Thi s denonstrates the mai n advantage of plotting tynpano-

grans in acoustic admttance units. An increase in physical
vol une produces a linear increase in the baseline of the

t ynpanoar ans, but the tynpanonetric shape remai ns sane whet her
it is corrected for physical volume or not (Wley, Oviatt

and Bl ock, 1984).

Acoustic immttance and age:

Ther e have been various studies conducted to find out
the relationship between static acoustic imittance and the

age, but the results are contradictory.

Swei tzer (1964) neasured acoustic resistance and
acoustic reactance in twenty one young persona (19-33 years)
and 15 ol der person (59-85 years) with a Gason-Stadl er
(2w sl ocki) acoustic bridge. He found a significant decrease

of both quantities in the older group at several carrier

f requenci es.
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Brooks (1971) observed indications in his data of an

i ncrease in conpliance as a function of age.

The acoustic i npedance increase beyond the age of
approxi mately 60 years, that is, there is a decrease in
t he mean val ue of the measured conpliance past the fourth

or fifth age decade. (Maudlin, 1972; A berti and Kristen sen
1972).

Jerger (1972) reported that the overall conpliance

decrease as the age increases.

Beaty and Leany in 1975 reported that the nean static
admttance is | esser for the younger age group, that is,

ages 17 to 2lyears than when conpared to the ol der age group,

that is,60 to 78 years.

Bl ood and Greenberg (1976) cited in Tonpson, Sills,
Ruke, Bui (1979) reported that the nean of acoustic admttance

decreases as the age progresses.

Ner bonne et al (1973) presented a study on vari ations
of static conpliance with age in which he found a slight but

not significant tendency for static conpliance values to

decrease with age.
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Cst erhamrel and Gsterharanel (1979) studied age vari a-
tions and reported that there was no dependency of tynpano-

netric conpliance val ues on age.

The static conductance, static susceptance and static
admttance were studied in sixty subjects, twenty through
seventy nine years of age with nornal hearing. It was
reported that the static inmttance changes are m ni nal
upt o approxi mately 60 years and al so stated that those in
their sixty's and seventy's have hi gher acoustic admttance
than the averaged renai nder of the sanple. Wen this study
was conpared wi th previous studies or reports, it suggests
that the effects of age on neasures of static acoustic
adm ttance and presunmably acoustic inpedance is conpl ex,
that is, static conductance at 220 Hz varies little across
age. The static susceptance at 220 Hz and 660 Hz and
Static conductance at 660 H, shows an initial high (relative)
val ue in the sixties and seventies (Thonpson, Sills, Recke
and Bui, 1979).

Wl son in 1981 conputed the aural acoustic immttance
(adm ttance and i npedance) during the quiescent and refl exive
states on 18 subjects with normal hearing in each of the
two age groups (less than 30 years and greater than 50 years).

The results indicated that there was no significant differences
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between the two groups. The relationship between the
magni t ude changes in the susceptance and conduct ance from

the quiescent to the reflexive state was the sane for the

two groups.

Acoustic immttance and interaural difference:

Most of the studies concerning the relationship
between static acoustic inunittance and interaural difference
indicate that thereis no significant differences in the
i mmttance val ues obtained for both ears. A summary of

such studi es are given bel ow

Jonge and Val ente (1979) asserted that the static
conpl i ance neasurenents nust be done in both ears individually
rather than estimating the overall static conpliance. They
used t he Madsen ZOr0 el ectroacoustic inpedance bridge and
found that the nean static conpliance for right and |eft
ears was 0.67 and 0.71 respectively. The average difference
between two ears, that is, 0.04 was not statistically signi-
ficant and therefore the average difference between ears for
all practical purposes can be regarded as '0' cc and the
average static conpliance (Rght ear + left ear) as 0.69 cc.

2
Cst erhammel and Gsterhammel (1979) studied the right-1eft

differences for the tynpanonetric conpliance val ues on 286
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persons in the ages of 10-80 years. The results indicated
avery small right-left differences in the absol ute conpliance

val ues.

The interaural difference in the acoustic immttance
characteristics of the mddle ear transmssion systemin
48 subjects using a 220 Hz probe tone were studied. The
results indicated that there was no significant difference
between the right and left ear neasurenents (WIson, Shanks,
and Vel da, 1981).

Static Imfttance and Sext

Jerger (1972) reported that nen show hi gher acoustic
conpliance than fenale at all ages. But in the case of
children there is no significant difference in conpliance

val ues interns of sex.

Cst erhammel and Gsterhamel (1979) studied sex vari a-
tions for the tynpanonetric conpliance val ues on 286 persons
in the ages of 10-80 years and reported that there was no

dependency of conpliance val ues on sex.

Acoustic immttance and test retest reliability;

N xon and Qorig (1964) and Tillnman (1964) reported test-
retest-correlations for conpliance and found it to be extrenely
high (0.8 - 0.9) at frequencies upto 800 Hz.
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Fel dman (1967) studied the test-retest correlation
(1 week Interval) for conpliance on 13 subjects and found
that there was high positive correlation of 0.71. He
al so studied the nean ear canal volune for group of 84
ears and found it to be 0.56 CC and for the left and
right ears taken separately was also 0.56 CC. He also
found a high correlation between ear canal volune of a

person's ears (0. 37).

The static conpliance neasures and t he conpensat ed
static acoustic inpedance neasures were conputed and
conpared for a Zw cl oski Acoustic Bridge and a Madsen
(Z070) el ectroacoustic bridge respectively. E even norna
heari ng subjects experienced three trials for each instru-
ment. H gh test-retest correl ations between trials and
between instrunents were reported for the two sets of

neasures (Fel dnman, D upesland and G'i nes, 1971).

The reliability data for conpensated static acoustic
adm ttance neasures on sixteen nornmal hearing subjects
across five test session were reported for 220 Hz and 660 Hz
Acousti c susceptance was neasured w th pressure decreasing
from+200 dapa and acousti ¢ conductance was neasured with

pressure increasing from-200 dapa. Val ues obtained at
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- 200 dapa and anbi ent pressure or tynpanonetric peak
pressure vere used to cal cul ate conpensated static val ues*
Test-retest correlations were high for static nmeasures
referenced to tynpanonetric peak pressure. However, |ow
test correlation coefficients were reported for static
nmeasures referenced to anbient pressure, particularly

for | ow neasures of acoustic conductance. They suggested
that these reflected small shifts in the tynpanonetric

peak pressure over time. The tynpanonetric peak pressure
varied fromtest to test, although never nore than 420 dapa.

(Porter and Wnston, 1973).

The test retest reliability for tynpanonetric neasures
across five sessions in twenty subjects with normal hearing
and normal mddl e ear function were evaluated for probe tones
of 226 Hz, 678 Hz and 1000 Hz. Using both ascendi ng and
descending directions of pressure change. Across all condi-
tions, the tynpanonetric measure that consistently denon-
strated for highest test-retest reliability was conpensated
static acoustic admttance, Test-retest correlations for
peak conpensated static acoustic admttance neasures were

hi gher than those for anbi ent neasures across all probe
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frequenci es and both directions of pressure change, the
differences in correlations for peak and anbi ent neasures,
however reached significance only for 226 Hz conditions.
A cross-section correlations for tynpanogramw dth did not
differ significantly for neasures referenced to the | owest

tynpanogramtail and those referenced to +200 dapa.
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METHODOLOGY

The met hodol ogy of the present study is described under

the foll ow ng headi ngs:

1. Subjects

2. Instrumentation
3. Calibration

4. Test environment
5. Test procedure

1. Subjects: Atotal of fifty geriatric subjects (twenty
five males and twenty five femal es) inthe age group of

50 years and above were sel ected.

Oiteria for selection:

The subjects were selected in such a way that they had
either normal hearing or mld sensori-neural hearing |oss.
The subjects with mld sensori-neural hearing | oss were al so
i ncl uded because geriatrics with nornal hearing are rarely

found as hearing deteriorates with aging.

Mor eover, the subject should have an 'A type tynpanogram,
with reflexes present on an immttance instrunent which woul d

i ndi cate t he absence of any m ddl e ear pat hol ogy.
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2. Instrunmentation: The G ason-Stadl er m ddl e ear anal yzer
33 version 2 was used for the present study. It is a
m cr opr ocessor based admttance instrunent which has faci-
lities for conplete autonati c or manual diagnostic testing
for analysis of mddle ear function. Admttance (Y) and
I ts conponents, susceptance (B) and conductance (G can

be nmeasured with probe tone frequencies of 226 Hz, 678 Hz
and 1000 Hz.

An audi onet er nanely Madsen 0B822 cal i brated accordi ng
to | SO standards was al so used to check the behavi oural
threshol ds (air conduction and bone conduction) at octave

frequenci es using the nodifi ed Huighson- Vst | ake procedure.

3. Calibration: The G ason-Stadler Mddl e Ear Analyzer 33
version 2 was calibrated according to the standards

specified in the manual .

The audi oneter was calibrated using a Sound Level Meter
(B& 2230) and a m crophone (B8K 4144). The calibration of
ear phone (TDH 39p) out put has been acconplished with the help
of an artificial ear (B& 4152) along with the sound | evel

meter and m crophone (B&K 4144).

4. Test Environnent: The test was conducted in a air condi-

tioned sound treated room The environnmental conditions
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namely tenperature (85°F) and the humdity conditions
were wthin normal limts. The noise |evels were
nmeasured using a sound | evel neter (B&K 2209), an octave
filter set (B& 1613) and a condensor m crophone (B8&K
4165) and the noise levels were within the permssible

limts as given in ANSI Standards.

. Test Procedure: The patient was seated confortably. The
pr obe box was attached to the veloro strip on the shoul der
nmount or clothes clip and position on the patient. Then

t he presence of cerunen in the ear canal was checked. The
correct size of ear tip was selected and positioned on the
probe. Then it was securely inserted into the ear canal
to obtain an airtight seal. The probe tone of interest
(226 Hz) was sel ected and the punp speed was sel ected as
200 dapals. Then the ' start' button was pressed. Since
the instrument is an automati ¢ one, the tynpanonetric

val ues including the val ues of physical volune, static
conpl i ance, peak pressure and gradi ent were displayed on
the screen after getting the tynpanogram Smlarly the
above nenti oned val ues were obtained for 678 Hz and 1000 Hz

by nmovi ng the cursor accordingly. The gradient val ue was

estimated only at 226 Hz.
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The tympanogram obtalned at 226 Hz is represented as
shown below:
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Changes in acoustic admttance were neasured as the air
pressure in the seal ed ear canal was varied over a naxi num
range of +200 to -400 dapa (| dapa = 1,02 mnmH,0). At high
positive and hi gh negati ve pressure, the eardrum became
extrenely stiff. At these pressures, little acoustic energy
flowed into the mddl e ear and the admttance decreased to a
mninum As the air pressure in the ear canal approached
at nor spheric pressure (0 dapa), therewas an increase in the
flowof energy intothe mddle ear, and admttance increased
to a nmaxi numor peak val ue. The maxi numflow of energy into
m ddl e ear occured when the pressure on both sides of the
eardrumwere equal. Fromthe above tynpanogram the mddle

ear pressure, the physical volune and t he peak conpensat ed
static admttance was cal cul at ed.
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M ddl e ear pressure:

The peak of the tynpanogram occured When the pressure in
t he ear canal was approxi mately equal to mddl e ear pressure.
The ear canal pressure corresponding to the tynpanonetric

peak, therefore provided an estinmate of the m ddl e ear

pressure.

Physi cal vol une;

The vol une of the ear canal was also estinmated. A high
positive pressure of +200 dapa was built in the ear canal.
The immttance val ue neasured at this pressure provided an

estimate of the ear canal vol une or the physical vol une.

Peak conpensated imMmttance at the tynpani c nenbrane

The acoustic immttance was calculated in the follow ng
manner :
1. The acoustic immttance was calculated with the pressure

at +200 dapa. This was the m nimumacoustic imttance

2. Nextly, the acoustic immttance was cal cul ated at the
tynpanonetric peak pressure. |In other words, it was cal cu-
| ated at the ear canal pressure corresponding to zero
pressure difference across the tynpani c nenbrane. This

was the maxi mum acoustic immttance ( Ymax) ®
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3. Thus, the acoustic admttance at the tynpani c nmenbrane

was cal cul ated using the follow ng formula -
YTm = Ymax - Ymi n

Y " admttance at the tynpani c nenbrane.
The suecept ance and conduct ance was cal cul ated at the
t ynpani ¢ nenbr ane.

Sim'larly, BTM - Bmax - Ymin
Grm= Gmax - Gmin

For notched admttance tynpanograns, the static val ue
was cal culated at the mnimumin the notch. Wen susceptance
and/ or conduct ance tynpanograns were notched, static suscep-
tance was calculated at the mnimumin the notch and static
conduct ance was cal cul ated at the ear canal pressure corres--

ponding to the mninmumin the susceptance notch.

Tynpanonetric gradient: The gradient cal cul ati on was based

on determning the width of the tynpenogramin dapa at one

hal f or 50%o0f the anplitude (height) of the tynpanogram

The gradi ent was cal cul ated for the admttance tynpanogramonly
at 226 Hz as the instrunent did not have the facility at other

probe tone frequenci es.

Thus all the val ues were displayed automatically on the
screen. A simlar procedure was repeated at all the three

frequencies for admttance, conductance and susceptance for

bot h mal es and fenal es.
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RESULTSAND DISCUSS ON

The main aim of the present study was to establish the
normative data of physical volume, peak pressure for
admittance, conductance and susceptance and the admittance,
conductance and susceptance at the tympanic membrane across
the three probe tone frequencies namely 226 Hz, 678 Hz, and
1000 Hz for male and female geriatrics (above the age of

fifty years).

At lower probe tone frequencies (226 Hz), a single
peaked tympanogram was obtained, but at higher frequencies
especially at 1000 Hze notched tympanograms were obtained*

In the present study, at 226 Hz, there were no notched
tympanograms for admittance, conductance and susceptance,
but at higher frequencies, the incidence of notching increased

to 85-90%.

MALES
Adm ttance Conduct ance Suscept ance
226 Hz - O 226 Hz - O 226 Hz - O

678Hz - 16% 678 Hz - O 678 Hz - 62%
1000 Hz - 76% 1000 Hz - 249, 1000 Hz - 92%

FENMALES
Adm tt ance Conduct ance Suscept ance
-0 226 Hz - O 226 H, -0
62327%% - 4% 678 Hz 678 Hz - 20%
1000 Hz - 44% 1000 Hz - O 100 Hz - 72%

-12%
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Thus, at hi gher frequencies, the notching was |ess
common for the conductance tynpanogramwhen conpared to the
adm ttance and susceptance tynpanogram The notchi ng was
nost frequent for the sueceptance tynpanogram This
supports the results of Margolis et al (1984). Margolis
et al. (1984) reported that as the probe tone frequency
-increases notching first occurs for susceptance tynmpanogram

and then for admttance and conduct ance tynpanogram

The data obtai ned was statistically anal yzed. The nean,
standard deviation and the range was cal cul ated. Further,
the '"paired and unpaired 't' test was used to find out the

significant difference at .01 |evel between the follow ng

par anet ers.

1. Physical volune for admttance, conductance and susceptance
at the three probe tone frequencies for nmal es and fenal es.
2. Peak pressure for admttance, conductance and susceptance
at the three probe tone frequencies for nmales and femnal es.
3. Admttance, conductance and susceptance at the tynpanic

nmenbrane at the three probe tone frequencies for nal es and

f emal es.

Further, the significant difference for all the above
par aneters between nmal es and fenal es and between right and

| eft ears were found.
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PHYSI CAL VOLUME:

Tabl e-1 a: Shows t he nean, standard devi ation and range for
physi cal vol une for adm ttance, conductance and
suscept ance at 226 Hz, 678 Hz, and 1000 Hz for
mal es and f enal es.

Paraneter Probe tone Mean St andar d Range
f requency Mal e Fenale Male Fenale . Mle Fenale
226 Hz 1.43 1.250.26 0.,3% g.9to 0,8 to
2.8
Adm ttance 678 Hz 4.09 3.63 0.79 0,73 2,6to 23 to
6.2 57
1000 Hz 5.14 5,93 1.09 1,27 2.9to 3.3 to
7.6 8.7
226 Hz 0.33 0.30 0.23 0,26 0.15to 0.15 to
1. 38 1.3
Conduct ance 678 Hz 0. 68 0.70 0.,49 0,86 g 521tO 303 to
1000 Hz 0.76 0. 90 0,83 1.45 -0.26to0 -0.64 to
5 5 6
226 Hz 1.13 1.22 0,26 0.3 g.9to 0.7 to
2.1
Suscept ance 678 Hz 4.02 3.6 0,78 0-78 2.6to g:ls to
6-1 :
1000 Hz 6. 7 6.6 1.41 1.2 4.3to0 33 to
1.07 8.7
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Tabl e-1b: Shows the results of 't' test for physical vol une.

Par anet er Pr obe tone Mal es Femal es
frequency
226 Hz Signi fi cant Signi ficant
& di fference di fference
678 Hz.
PHYSI CAL 226 Hz Signi ficant Signi fi cant
VOLUME & di fference difference
1000 Hz
678 Hz Si gni fi cant Si gni fi cant
& difference di fference
1000 Hz

FromTable-la it could be inferred that as probe tone frequency
I ncreases, the physical volune al so increases for admttance,
conduct ance and susceptance and this difference was statistically

significant at .01 |evel as evident fromTabl e-1B.

Mor eover, the physical vol une was conpared between mnal es
and fermales at all the three probe tone frequencies and it was
found that there was a significant difference between the

physi cal vol une val ues for nal es and fenal es.

But there was no interaural difference in physical vol une.
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Table-2a: Shows the mean, standard deviation and range for

peak pressure for admittance, conductance and

susceptance tympanograms at the three probe tone
frequencies for males and females.

Parameter  Probe tone Mean Standard Range
frequency —deviation
Male Female Male Female Male Female
226 Hz -6.02 -2.5 29.41 14.32 -80 to -40 to
b5 25
Admittance 678 Hz -0.95 -1.18 28.3 13.2 77% to %% to
1000 Hz 1 -2.5 17.8 15.1 -27 to -50 to
40 15
226 Hz -8.29 -1.57 23.2 219 -8 to -60 to
30 80
Conductance 678 Hz -4.3 +1.84 21.8 20.7 73% to gg to
1000 Hz 3.3 20 752 278 -5 to -5 tp
15 50
226 Hz -4.6 2.1 22.8 214 -80 to -55 to
3H5 85
Susceptance 678 Hz 6.7 13.5 11.3 421 13% to -45 to
85
1000 Hz -3.3 0.2 21.8 26.1 (318 to .60 to

95
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Tabl e-2b: Shows the results of ' t' test for peak pressure.

Probe tone Par anet er Mal es Femal es
f requency
226 Hz Adni ttance No significant No significant
& di fference. di fference
678 Hz Conduct ance No significant No si gnifi cant
di fference di fference
Suscept ance No significant No significant
di fference di fference
226 Hz Adnmi ttance No significant No significant
& di ff erence di fference
1000 Hz Conduct ance Si gni fi cant No significant
di fference di fference
Suscept ance Signi ficant Signi ficant
di fference di rference
678 Hz Adnmi ttance No significant No significant
«ﬂ%“ft di fference di fference.
1000 Conduct snce No significant No significant
di fference di fference
Suscept ance No significant No significant
di fference di fference

Tabl e- 2a shows that the range for the peak pressure falls
between -80 to 35 dapa for males and -45 to 25 for fenal es
at 226 Hz probe tone frequency for admttance tynpanogram
Brooks (1980), Holnmguist and MIler (1972), Peterson and
Liden (1972) and Porter (1974) reported the range for
tynpanonetri c peak pressures between -50 and +50 dapa in

adults. Al berts and Kristenson (1970) suggested the use

of + 50 mMmH,o0 as nornmal mddl e ear pressure in adults, while
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others agree that -100 mmH,0 be used as a poi nt between
normal and abnormal negative pressure (Renvall, Liden,
Jungert, and N | sson, 1973/ Jerger, 1970f Harker and
Van Wagoner, 1974; MCandl ess and Thomas, 1974), The
results of the present study support the statenent that

peak pressure upto -100 mmH o shoul d be considered as

nor mal .

PromTable-2b it is evident that there is no signifi-
cant difference between the peak pressure of admttance

t ynpanograns at the three probe tone frequenci es.

There was no significant difference between peak
pressure val ues for conductance tynpanograns at 226 Hz
and 678 Hz, at 678 Hz and 1000 Hz for both nal es and
femal es and 226 Hz and 1000 Hz for fenales. But there

was a significant difference between the values at 226 Hz
1000 Hz for nal es.

There was no significant difference between peak
pressure val ues for susceptance at 226 Hz and 678 Hz and
678 Hz and 1000 Hz for both nales and fenales. But there
was a significant difference between these val ues at 226 Hz

and 1000 Hz for nal es and femal es.
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Mor eover, the peak pressure val ues were conpared between
mal es and fenmales and the results indicated that there was
no significant difference between nales and fenmales at all

t he three probe tone frequenci es.

The peak pressure val ues were conpared between the
right and left ears and it was found that there was no

significant difference in terns of peak pressure between

the right and left ears.

| MM TTANCE AT THE TYMPAN C MEMBRANE:

Tabl e-3a: Shows t he nmean, standard devi ation and range for
adm ttance, conductance and susceptance at the

t ynpani ¢ nmenbrane across 226 Hz, 678 Hz and 1000 Hz
for mal es and fenal es-

Par anet er Probe tone Mean St andar d Range
frequenc Mal e Fennl e i ati
9 Y Sgrgatkggale Mal e Femal e

226 Hz 1.09 0. 64 1.17 0.34 0.3 - 17 0.2 - 1.5

Adm ttance 678 Hz 2.4 1.53 1.13 0.8 0.43-2.8 0.3 - 4.1
1000 Hz -011 0. 44 2.06 1.43 -2.2 - 1.17 -1.4 -1.3
226 Hz 0.91 0. 66 0.29 0.24 0.2-1.45 0.41-1.27

Conduct ance 678 Hz 4,1 -1.5 1.97 2.19 1.3-4.8 -0.6-3.7
1000 Hz 5.4 4,1 2.08 1.3 1.9-3.4 1.01-4.8
226 Hz 2.31 1.9 0.54 0.45 1.3-3.6 1.2-3.2

Susceptance 678 Hz 3.2 3.0 1.4 0.75 1.2-4.4 1.8-3.9
1000 Hz 4. 07 4.3 1.9 1.7 -0.13-4.4 1.3-4.4
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Tabl e-3b: Shows the results of ' t' test for admttance,

conduct ance and susceptance at the tynpanic

nmenbr ane.
Mal e Femal e
226 Hz Adni tt ance Si gni fi cant Signi fi cant
& di fference di fference
678 Hz Conduct ance Si gni fi cant S| gnl ficant
di ff erence di fference
226 Hz Adm ttance No significant No significant
& di fference di f f er ence.
1000 Hz Conduct ance Si gni fi cant Si gni fi cant
di fference di fference
Suscept ance Signi ficant Si gni fi cant
di fference. di fference
6/8 Hz Adm t t ance No significant No significant
& di fference di fference
1000 Hz Conduct ance Si gni fi cant No significant
di fference di fference
Suscept ance No significant No significant
di fference di fference.

From Tabl e- 3a,

it can be seen that the admttance at the

tynpani ¢ menbrane |ies between 0.3 to 1.7 for nal es and

0.2 to 1,5 for fenales at 226 Hz.

However only one subj ect

had a static admttance of 0.16 which |ies bel ow the nornal

range and anot her mal e subject had a static admttance of

4,15 which lies well

above t he nor mal

range.

Fur t her

exploration is warranted for these two subjects. The

normati ve data according to the present study is al nost

simlar to the nornal

(1985) for subjects above 6 years of age.

range reported by Margolis and Shanks
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According to the present study, the nmean admttance
at the tynpani c nmenbrane for 226 Hz probe tone was 1,09
for mal es and 0.64 for females. According to B ood and
G eenberg (1976), the mean admttance at 220 Hz for the
age range of 50-59 years was 0.85 mmho, 0.81 nmho for the
age range of 60-69 years and 0.60 mmho for the age of 70
years and above for nales and fermales as awhole. 1In the
present study if nmale and feral e are considered as a group

the results correlate with the findings of Bl ood and
G eenberg (1976).

At 678 Hz, the mean admttance for nmal es was found to
be 2.4 and for females it was 1.53. The range at the sane
probe tone frequency was found to be 0.76 to 2.8 for nal es
and 0.3 to 2.89 for fenal es. However one nal e subject had
an admttance value of 0.76 and one fenal e subj ect who had
an admttance value of 4.1. According to Margolis and Shanks
(1985), the nornmal range for admttance at 678 Hz was 1.5
to 3.8 for subjects above 6 years. The present study shows
that the admttance at the tynpani ¢ nenbrane nay be | ower
inthe geriatric group. However these results do not corre-
late with that of the findings of Beattie and Leany (1975)

This may be because of the difference in the instrunents used.
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At 1000 Hz, the nmean admttance for nmal es was found to
be -0.11 while for fenales it was 0.44. The range for the
sane was found to be -2.2 to 1.17 for nales and - 1.4 to
1,3 for fermales except for 1 male and 1 fenal e who had an

admttance value of 5.1 and 5.3 respectively.

At 226 Hz, the nean conductance at the tynpanic
menbrane was found to be 0.91 for 0.66 for females. The
range was found to be 0.26 to 1.45 for nmales and 0.41 to
1.27 for females. The range reported by Margolis and Shanks
(1985) was 0.20 to 0.87 at 226 Hz. The lower limt is al nost

simlar but the upper limt is slightly higher in the
present study.

At 678 Hz, the nmean conductance at the tynpani c nmenbrane
was 4.1 for nales and -1.5 for fenmales. The range at the
same probe tone frequency was 1.3 to 4.8 for nales and -0.6
to 3.7 for females. The range according to Margolis and
Shanks (1985) was 0.75 to 3.94 for subjects above 6 years
of age. The values of the present study are alnost simlar

to the values reported by Margolis and Shanks (1985).

At 1000 Hz, the nean conductance val ue at the tynpanic
menbrane was found to be 5.4 for males and 4.1 for fenal es.
The range was found to be 1.9 to 3.4 for males and 1.01 to

4.8 for fenales except for 1 fenale who had a static conduct ance
val ue of 5. 3.
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At 226 Hz, the nmean susceptance val ue at the tynpanic
menbrane was found to be 2.31 for nales and 1.9 for fenales.
The range at the sane probe tone frequency was 1.3 to 3.6
for mles and 1.2 to 3.2 for fenales. This value is slightly
hi gher than the val ues reported by Margolis and Shanks (1985)

which was 0.44 to 1.6 for subjects above 6 years.

At 678 Hz, the nmean susceptance at the tynpani c nmenbrane
was 3.2 for males and 3.0 for females. The range at the sane
probe tone frequency was 1.2 to 4.4 for nales and 1.8 to 3.9
for femal es. These values are slightly higher than the
val ues reported by Margol | s and Shanks (1985). They reported

the range to be 0.98 to 2.22 for subjects above 6 years.

At 1000 Hz, the nmean susceptance at the tynpani c menbrane
was 4.07 for nales and 4.3 for fermales. The range at the
sane probe tone frequency for nmales was -0.13 to 4.4 and 1.3
to 4.4 for females. However one fenal e subject had a

suscept ance value of 5.1. Further investigation is needed

for the subject.

Promtable 3b, it is evident that there was a significant
di fference between the static admttance val ues of 226 Hz and
679 Hz in both nales and fenal es but there was no significant

di fference between 226 Hz and 1000 Hz and between 678 Hz and
1000 Hz.
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There was a significant difference betwen static
conduct ance val ues at all the three probe tone frequencies
(ie. between 226 Hz and 678 Hz between 226 Hz and 1000 Hz
and between 678 Hz and 1000 Hz) for both mal es and fenal es.

There was a significant difference between static
suscept ance val ues at 226 Hz and 678 Hz and 226 Hz and
1000 Hz for nales and females. But there is no significant

difference at 673 Hz and 1000 H, for both nmal es and f enal es.

Moreover* the static immttance val ues were conpared
between nmal es and fermal es and the results indicated that
there was a significant difference between nal es and fenal es
interns of static immttance values at all the three probe

t one frequenci es.

This is in agreenent with the finding by Jerger (1972)
who stated that there was a significant difference in com

pl i ance val ues between nal es and fenal es.

But the above finding is at variance with the finding
by Gsterhammel and Gsterhamrel (1979) who stated that there

was no sex-rel ated dependent conpliance val ues.

Next, the static conpliance val ues were conpared between
the right and left ears and there was no significant inter aural

di fference.
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The supports the findings of WIson, Shanks and Vel da
(1981) who stated that there was no significant difference
between the right and |eft ear neasurenents in acoustic

imMmttance characteristics.

But the above finding is at variance with the finding
by Gsterhammel and Gsterhammel (1979) who stated that there
was a small right - left difference in absol ute conpliance

val ues.

GRADI ENT:

Table-4i Sows the normative data for gradient at 226 Hz
admittance tympanogram for maes and females.

Probe t one Mean St andard Range

frequency Male  Fenal e deviation _ p\ple
Male fenale

Fenal e

226 Hz 73.0 82.6 33.7 26.7 20to0185 20t o 160

Table-4 shows the meen and range of gradient values for
males and females. American Speech-Language-Hearing Association
(1989) cited in Silman and Sllverman, reported a range of
50 dapa to 110 dapa for adults. The present study suggests

that the range ney be wider for geriatrics.

There was no significant difference between the gradient

values for males and females.
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There was also no interaural difference in the gradient

val ues at 226 Hz admttance tynpanogram

Thus, the present study investigated the acoustic imittance
characteristics in the geriatrics. The results indicate that
there is no interaural difference in the i M ttance characte-
ristics considered in the present study. The physical vol unme
and the admttance, conductance and susceptance at the

t ynpani ¢ nenbrane was gender related at all the three probe

tone frequencies. The tynpanograns start notching as the

frequency of the probe tone is increased and the notching is

nor e common for susceptance tynpanograns than conduct ance and
adm ttance tynpanogram
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SUWARY AND CONCLUSI ON

The aimof the study was to establish normative data
for admttance and its conponents, namely conductance and
susceptance for the three different probe tone frequencies
(ie, 226 Hz, 678 Hz and 1000 Hz) for physical vol une and

peak pressure and for the gradient at 226 Hz.

Atotal of 50 geriatric subjects (25 nmales and 25

females) in the age group of 50 years and above wer e sel ect ed.

None of themhad m ddl e ear pat hol ogy,

G ason-Stadl er M ddl e Ear Anal yzer 33 version 2 was
calibrated and used for testing the subjects. The testing

was done in a sound treated room

Dat a wer e obtai ned and anal yzed using appropriate stati -
stical procedures. Means, standard deviations and range were
obtained. Significant differences between the nean val ues
of physical volune, peak pressure for admttance, susceptance
and conduct ance at the three probe tone frequencies were found
out. These were then conpared between nmal es and fenal es and

the right and left ears. The follow ng results were obtained.

. PHYSI CAL VOLUMES

a) The physical volume increases with increase in probe tone
frequency for admttance, conductance and susceptance and

this difference was statistically significant.
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b)

66

There is a significant difference between the physical

vol ume val ues for males and femal es.
There is no interaural difference in the physical vol ume.

PEAK PRESSURE

There is no significant difference between peak pressure
val ues for admttance at the three probe tone frequencies

for both mal es and femal es.

There is no significant difference between peak pressure
val ues for conductance at 226 H, and 678 Hz, at 678 Hz

and 1000 Ha for males and fenmales and at 226 Hz and 1000 Hz
for females. But there is a significant difference between

t he val ues at 226 Hz and 1000 Hz for mal es.

There is no significant difference between peak pressure
val ues for susceptance at 226 Hz and 678 Hz and 678 Hz

and 1000 Hz for males and females. But thereis a signifi-
cant difference between these values at 226 Hz and 1000 Hz

for mal es and femal es.

There is no significant difference between mal es and

females in terns of peak pressure at all the probe tone
f requenci es.
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c) There is no significant interaural difference in peak

pressure.

1. ADM TTANCE. CONDUCTANCE AND SUSCEPTANCE AT THE TYMPANI C
VEMBRANE

a) There is a significant different between the static
adm ttance values at 226 Hz and 678 Hz for nal es and
femal es but there is no significant difference at 226 Hz

and 1000 Hz and 678 Hz and 1000 Hz.

There is a significant difference between conductance
val ues at the tynpanic nmenbrane at all the three probe

tone frequencies for both mal es and fenal es.

There is a significant difference between static suscep-
tance values at 226 Hz and 678 Hz and 226 Hz and 1000 Hz
for males and females. But there is no significant

difference at 673 Hz and 1000 Hz for mal es and fennl es,

b) There is a significant difference between nal es and fenal es
in terns of static adm ttance, static conductance and

static susceptance.

c) There is no significant interaural difference in terns

of static admttance, static conductance and static susceptanc
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| V. GRADI ENT

a) There is no significant difference in the gradient val ue

at 226 Hz (admttance) between the males and fenal es.

b) There is no interaural difference in the gradient val ues

at 226 Hz (adm ttance).

CLI NI CAL | MPLI CATI ONS

Thus, the present study provides the normative data for
peak pressure, physical volume for adm ttance, conductance
and susceptance and the adm ttance, conductance and susceptance
at the tynpanic menbrane at the three probe tone frequencies
for mal es and femal es. Any val ues above and below this data
may be consi dered pathol ogical. However, further study on
clinical population is required to ascertain these val ues at

different frequencies.
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