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| NTRCDUCTI ON

The process of aging individual cells has been
subject to extensive research, but is still inconpletely
understood. Effect of aging on the sound conductive
nmechani sns of the mddl e ear has been studied by N xon
et al. (1962). They found a slight inpairnment of trans-
m ssion of sound in the frequencies above 2 KHz with t he
maxi num effect of 12 dB at 4 KHz. They suggested t hat
this inefficiency of sound transmssion was due to alter-
ations in the elasticity of the tynpanic nenbrane and

changes in the ossicular joints and tendons.

The hi stol ogi cal study of the aging peripheral audi-
tory systemis hanpered by |lack of specificity. However,
t hese studies has denonstrated that arthritic changes
i ncluding fibrous and bony ankyl osis of ossicular articu-
| ati ons do occur, eventhough these changes have no signi-
ficant effect on hearing, the energy transm ssion charac-
teristics of mddle ear systemis disturbed, thereby
affecting i npedance and admttance of the system One the
ways to consider the energy transfer characteristics of
the mddle ear systemis to neasure the energy flowie. the
admttance. Frominstrunentation and conputation point of
view, it is often easier to neasure the acoustic admttance
(Yn) or energy flow Acoustic Admttance (Ya) is the

reci procal of (2A) inpedance is Yo =1 .
2A



W neasure the acoustic mhos. The real or in phase
conponent of acoustic admttance is called as acoustic
conductance (G) is plotted in the sane axis and direction
as the real conponent of acoustic inpedance. Acoustic
conductance is the energy fl ow ng though an acoustic
resi stance. The acoustic admttance corrollary of acoustic
reactance i s acoustic susceptance (Ba). This is the flow

of energy both in a stiffness and nass dom nated system

NEED FOR THE STUDY:

Recent reports have indicated that the aging process
alters selected aural acoustic immttance characteristics
of the mddle ear transmssion system (Handl er and Margolis,
1977. Jerger, 1972; Thonpson et al. 1979, 1980; Porter, 1972)
reported that there is significant difference in susceptance
between adults and children. The present study is ained at

finding the age effect on susceptance in Indian popul ation.

This study is to be carried out using 226 Hz probe tone
for the conparison of the follow ng paraneters across norna
hearing adults and children
- Physical vol une
- Peak pressure

- Static acoustic susceptance.



Wley, Ovlatt and Bl ock (1984) found that the static
nmeasures for both acoustic adm ttance conponents, acoustic
suscept ance and conduct ance under bot h neasurenent condi -
tions (peak pressure and anbi ent pressure) were slightly
hi gher for subjects with notched 660 Hs tynpanograns com
pared to static val ues of subjects with single peaked 660 Hz
t ynpanograns. So using the paraneter susceptance at tynpanic
menbrane present study is ained at validating these results

at higher and | ower probe tone frequency.

Jerger (1972) reported that mal es show hi gher acoustic

conpliance than fenales at all ages.

Gst erhammel and Gsterhammel (1979) reported that there
was no dependency of conpliance val ues on sex. This study
Is to validate the above obtained results in the children
and adult group and find out the significant difference in

values, if any in mal es and fenal es.

Present study is ained at establishing normative data
for susceptance and admttance in children and adults in

| ndi an popul ati on.

Al M:

|. To establish nornative data for susceptance tynpanograns
and adm ttance tynpanograns in adults and children using
G ason- Stadl er Incorporation-33 version 2 mddle ear
anal yser.



1. T6 study the effect of 3 probe tone frequencies (226 Hz.
678 Hz, 1000 Hz) .

- On susceptance at tynpanic nmenbrane in adult mal es,

adult fenales, male and fenal e chil dren.

I11. To find the effect of age and sex on -
- Physical volune at 226 Hz.
- Peak pressure at 226 Hz.

- Susceptance at tynpani c nenbrane.
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REVI EW OF LI TERATURE

Admttance is the swa of a real part, conductance G
and an inaginary part 1 nultiplied by susceptance (B)

Y=G+ iB

_ REAL.
CONDOVLTANCE Axis

Conpl ex nechani cal systens such as the m ddl e ear
mechani sm can be represented by many interconnected
mechani cal parts that are either resistance el enents, nasses
or springs. The admttance of whol e device can be derived
fromthe conbined admttance of each part of the entire
systemWi ch are as fol | ows:
Resistance : Y = 1/r

Mass @ Y = -1

Compliance :Y=(2 fQ)i
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Whore f = frequency, m = nass

C = conpliance, r =friction

The adm ttance of a resistance el enent does not depend

on frequency and has a nmagnitude of 1/r.

The admttance of a nass elenent is purely inaginary
with a magnitude of /2 fm Since the admttance of a
mass only has a negative imaginary part, it's vector wll
lie along the imaginary axis and point in a negative
direction. The magnitude of the admttance of a nass
el enent, which is a measure of hownmuch it will vibrate for
a fixed applied sound pressure, decreases as frequency
i ncreases. The admttance of a conpliance elenent is also
purely imaginary with a magnitude of 2 fC. This nagnitude

decreases as frequency decreases.

The acoustic susceptance of the mddl e ear should be
directly calculated by subtracting the acoustic susceptance
of the outer ear fromthat of the total ear. S mlarly the
acoustic conductance can be derived. Then the acoustic
admttance of the mddle ear can be (Yy) obtained fromthe
formila - Y\? = Buwe? + Gue?.

Where Yy Static acoustic admttance of the mddl e ear.

Guwe = Static acoustic conductance of the m ddl e ear
B = Static acoustic susceptance of the mddle ear.



Normative values

There have been few studies carried out to establish
normative data in children and adults using otoadmittance
meters for admittance, conductance and susceptance tympano-

grams.

Porter (1972) took 3 groups of subjects consisting
of 18 adults (18-40 years, meen = 25 years) and 18
children (7-14 years, mean = 9 years) who had normal
hearing and 18 children with severe - profound hearing
loss. The instrument used was Modd 1720 Otoadmittance

meter.

The values obtained using 220 Hz and 660 Hz probe

frequencies are as follows:

220 Hz 660 Hz
B Y B Y
Adul t s Mean .71 .79 101 2.93
SD .22 . 48
Hear i ng Mean .60 .65 1.01 2.91
children SD 19 40

The results showed that for susceptance at 220 Hz
and 660 Hz, there was no significant difference between

adul ts and chil dren.
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. Feldman (1972) studied 100 normal persons, using
220 Ha and 660 Hz probe frequencies and gave the mean

and ranges of admittance.

At 220 Hz, the mean was about 0.52 mmhos with a
range extending from about 0.30 - 0.80 mmhos. At 660 Hz
the mean was 2.6 mmhos with a range of 1.20 - 4.20 mmhos,

Beattie and Leamy (1975) studied 2 groups of
subjects. Group-l consisted of 7 males and 13 females
in the age of 17-29 years, with a mean age of 20 years.
Group-Il consisted of 20 males in the age range of 60-78

years with the mean ege of 65 years.

They established normative data for susceptance and

conductance at 220 Hz and 660 Hz. The values are as

follows:
G oup- |
Mean SD
B. 220 Hz 0.75 0.33
660 Hz 1.46 1.3

According to the Table, B values at 220 Hz are smal | er

than the respective values at 660 Hz probe frequenci es.

The mean val ues obtained in this study are in close

agreenent with the above nentioned Porter's study.
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The normati ve data on adm ttance for chil dren est a-
bl i shed by Brooks (1971) and Jerger and Jerger et al.

(1972) for older children and adults are as fol |l ows:

Tabl e-1: vp (mmhos)
10% 90%
Jerger et al
(1972) 0.39 1.30
Brooks (1971) 0.35 1.05

For adults is as foll ows:

Punp speed was 200 dapa/s at 220Hz.

200 dapa/s
Table-11 Adults o
Lower 3Limt 0.57
Medi an 1.08
Upper Iimt 2.00

The normative data on the static acoustic mddle ear
admttance, for the 220 Hz probe tone, when the ear canal
static acoustic admttance was cal cul ated at +200 dapa as
In Table-1 shows that it is reasonable to consider the
nor mal acoustic mddl e ear admttance range for 80%of the

school age popul ation (between 10th and 90t h percentiles).

PromTable-11, it was inferred that the nornal static
acoustic mddle ear admttance ranges for 90%of the adult
popul ation to be between 0.57 and 2.00 acoustic nmhos

respectively for the 226 Hz probe tone when t he ear canal
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static acoustic immittance is calculated at -400 dapa
with high pump speed (Jerger et al. 1972).

Wiley, Oviatt and Block (1967) studied admittance,
conductance and susceptance of 77 women and 50 men with
normal hearing. Their age ranged from 20-30 years. These
values were computed et 220 H, and 660 Hz probe tone
frequencies, at peak pressure as drum free condition and
-250 dapa as drum tight condition.

Peak Pressure

Mean SD
220 Hz BA 0.69 0. 26
220 Hz  vp 0.74 0.29
660 Hz BA 2.09 1.05
660 Hz  vp 3. 06 1.72

At hi gher probe tone frequenci es notched tynpanograns
wer e observed for susceptance and hi gher static val ues were

obtai ned at such not ched suapept ance tynpanograns.

Static Immttance:

This is the immttance of the tynpani c nenbrane al one,

Static immttance can be affected by factors such as
1. Age

2. Sex

3. Probe-tone frequency.
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Ef fect of age and sex:

Brooks (1971) studied 1053 children with t he age
range of 4-11 years Who had nornmal hearing. Conpliance
of each ear and m ddl e ear pressure were conputed. The
results showed that there was no detectable difference
bet ween boys and girls but there was sone indication of
an i ncrease of conpliance with increase in age. Average
val ue for conpliance was 0.70 cn? with a range of 0.35 cm -
1*40 cm and these have been taken as the limts of

conpl iance wi th increasi ng age.

Jerger (1972) studied 700 subjects both nornal
heari ng and sensori-neural hearing | oss cases, Age range
taken was 6-90 years. Subjects were divided by sex and
by age decades. For each sex at each age decade, both
t he nean and standard devi ation of the conpliance were
conputed. The results showed:

- Wnen consistently showed a | ower average conpliance and
| ess variance than nmen at all ages.

- There is a pronounced age efffect in both sexes, but
especially nen show a wel | defined naxi rumin both nean
and variance in the age decade 30-39 years. Above this
age decade t he average conpliance declines relatively

systematically with increasing age for both sexes.
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The nmaxi mum aver age conpliance and SD for nen aged
30-39 years m ght be possibly due to greater noi se exposure
of men in this range. This in turn mght fatigue the intra-

aural nuscl es thereby increasing conpliance.

Zwi sl ockl , Fel dman and Bi cknel | and Morgan noted t hat

wonen seened to show | ower conpliance than nen.

Bi cknel | and Morgan al so noted that wonen seened to
show a narrower conpliance range. Neither study provided

gquantitative data on sex difference.

Gsterhammel and Gsterharanel (1979) studied sex variation
for the tynpanonetric conpliance val ues on 286 persons in
t he age range 10-80 years who had nornal hearing. They
reported that there was no dependency of canpliai ce val ues

on sexX.

Stati c susceptanece and age:

Few studi es have been conducted to find out the

rel ati onshi p between age and static susceptance.

Thonpson, Sills, Recke and Bui (1979) neasured the static
admttance, static susceptance and static conductance in
60 subjects, 20 through 79 years of age with normal hearing.
It was reported that the static values are mninmal upto

60 years.
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W1l son (1981) conputed the aural acoustic inmttance
(adm ttance and inpedance) during the quiescent and refl e-
Xive states in the 18 subjects with normal hearing in each
of the age groups (less than 30 years and greater than

50 years).

The results indicated that there was no significant
di fference between the 2 age groups. The relation between
t he magni t ude changes i n sueceptance fromqui escent to the

refl exive state was the same for the 2 groups.

A study by Bl ood and G eenberg (1976) contradicts this.
They reported that mean of acoustic admttance decreases

as the age progresses.

In all these studies children were not included. So

t he exact effect of age on static susceptance is not clear.

I nfl uence of probe tone frequencies on static susceptance:

Fromdifferent studies conducted, it was found that
t he incidence of Wpattern or Wnot ching increased while
going from|ow probe tone frequencies to high probe tone
frequenci es. Though acousti c conductance at 220 Hz and
660 Ha was found to be symmetrical, susceptance becones

assymmet ri cal at hi gher frequenci es.
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Porter and Wnston (1973) studied 16 nornmal hearing
subjects,11fermales and 5 nal es were tested on 5 separate
occasi ons. Recordings of susceptance (B) were obtained
Wi th pressure decreasing from4-200 mm H20 at standard probe
frequencies of 220 Hz and 660 Hz. Mean and SD of the nal es
for susceptance in acoustic mmhos at 220 Hz and 660 Hz are

as foll ows:

B 220 Hz Mean 0.78

SD 0.31
B 660 Hz Mean 1.62
D 0.51

These val ues were cal cul ated at nmaxi num susceptance as the
drumfree values. It was found that test-retest correlation

coefficient was found to be very high.

Porter and Wnston (1973) did one nore study using
220 Hz and 660 Hz probe tone frequencies on 32 nornmal hearing
adults. Recordi ngs were done during increasing and decreasi ng
pressure. Drumfree condition was considered to be at nmaxi mnum
susceptance and drumtight as at +200 dapa. The nean and SD

val ues are as foll ows:

Increasing pressure -

Mean D)
B 220 Hz 0.9 0.52
B 660 Hz 1.3 0.77

Fromthe above nentioned 2 studies, it can be seen t hat as
t he probe tone frequency increases, the static susceptance

I NnCr eases.
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Shanks and Lilly (1981) studied static val ues on 4
wonen and 4 nen age ranging from 20-31 years (nean - 26 years)
with normal hearing. The values were obtained at 220 Hz
and 660 Hz. Ear canal pressure was varied from-400 dapa
to + 400 dapa and al so at ear canal pressure that produced

maxi mum suscept ance ( MAX) .

Static immttance (mean, SD) for 220 Hz and 660 Hz
probe tones cal cul ated at nmaxi mrum (MAX) usi ng reconmrended

(660 Hz at -400 dapa) procedures are as foll ows:

Static val ues 220 Hz (MAX) 660 Hz (MAX)
(acoustic mhos)
By 0.93 (0.37) 1.67 (0.38)
Ya 0.99 (0.4) 3.09 (1.51)

SD are given in parentheses.

W | son, Shanks and Kapl an (1984) studied 24 young
adul ts, probe tones used were 226 Hz and 678 Hz. Static
val ues, nean and nedi an for 8 subjects with single peaked
t ynpanogram and 8 subj ects w th notched tynpanogram for

ascending pressure direction are as fol | ows!

Suscept ance 226 Hz 678 Hz
Single Notched Single Notched
Mean 0.59 1. 26 1.36 0.32
SD 0.16 0. 56 0. 39 1.34

Fromt he above val ueS, it can seen that there is di screpancy
in the static susceptance val ues between notched and single
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peaked tynpanograns at 226 Hz and 678 Hz. Also it is seen
that as the probe tone frequency increases static val ue

. i ncreases.

Peak Pressure and Age:

The nmeasurenent of mddl e ear pressure represents an
I nportant diagnostic tool for identifying mddle ear dis-
orders. The tynpani c nmenbrane best transmts sound ener gy
when the air pressure on both sides of the tynpanic nmenbrane

I s equal .

Though nost researchers agree regardi ng the range of
t ynpani ¢ nmenbr ane peak pressures, consistent wth nornal
m ddl e ear pressure, in adults they di sagree about the range
of tynpani c nenbrane peak pressures, consistent w th nornal

m ddl e ear pressure in children.

Brooks (1971) studied 1053 children 4-11 years of age,
m ddl e ear pressure was conputed. The results showed the
lower limt of the range of tynpanic nenbrane peak pressures
consistent with normal mddle ears in children is as high as

- 30 dapa.

Burke and Herer (1972) studied 7 fenmales and 3 nal es
aged 20-24 years (nmean = 22 years) and 7 mal es and 3 fenal es

aged 6-11 years (mean = 8 years) having nornal hearing.
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Measurenent of m ddle ear pressure with otoadnBttance
meter was done. Two response curves for each probe frequen-
cies, a conductance curve (G and a susceptance curve (B)
were obtained. O the 4 curves per ear, thus obtained, each
seened to peak at different pressure points. The difference
ranged from+4 to +22.5 mmH,0 wth adults and from-4.5to
+ 13,5 mMm H20 wi th children.

Conparing the pressure estimates at 220 Hz and 660 Hz
there was siOgnificant nmean difference at 0.01 |evel of con-
fidence wth the adult group and at the 0.05 level with
children group. The values of peak pressure in both children
and adults are as foll ows:

220 Hz (B) 660 Hz (B)
Adul ts 11.2 25.5
Chi | dren 6.0 13.5

Jerger (1970) proposed - 100 dapa as the lower limt of

normal range of tynpanonetric peak pressures.

Renval | et al (1975) found that 90%of their sanples of
school children who were presunmed to have normal m ddl e ears
had tynpanonetric peak pressures exceeding -150 dapa. There-
fore, they considered -150 dapa to be the lower limt of

normal m ddl e ears.
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The presence of | ower tynpanonetric peak pressure in
children than in adults is attributed to the ability of
sone children to maintain relatively | ower m ddl e ear

pressures than adults (Brooks, 1980).

But it was found that if -150 dapa or -170 dapa is
used as the lower Iimt of nornal range as proposed by
Renval | et al (1975) 18%of children's ears with mddle
ear effusion were mssed. |f -100 dapa is used as the
lower Iimt of normal range as proposed by Jerger, false
positive rate was increased to 17.8% though fal se nega-
tive rate is reduced. So it was clear that screening for
t he presence of mddl e ear effusion based on tynpanonetric
peak pressures is insufficient in children resulting in
either a high positive or fal se negative rate dependi ng

upon the cut-off tynpanonetric peak pressures enpl oyed.

Brooks (1980) found that the tynpanonetric peak

pressure was between -50 and +50 dapa in adults w th nor nal

m ddl e ear.

Physi cal vol une:

Physi cal volunme is a neasurenent of the volune of the
external auditory canal as a seal ed cavity under positive

pressure of 200 dapa.
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Sone investigators regard the ear canal volunme as pure
susceptance. Ml ler (1960) and Van Peperstraete et al (1972),
wher eas ot her investigators suggest the ear canal vol ume con-

tributes sone finite conductance.

Mol | er (1960) supporting the former, reported that the
ear canal has no effect on the real conponent of admttance

(i e) conductance.

Cretan (1978) did not assune that the ear canal coul d
be nol ded as pure susceptance. He reasoned that the hairs
and cerunen in the ear canal produce sone sound absorption
and thus a finite value of ear canal conductance. Both
suscept ance and conductance at a given ear canal pressure
are attributed to the ear canal volune. It was further
reported that at the probe frequency of 220 Hz the ear canal
suscept ance can be assuned, to be proportional to its
volume. But this proportionality was reported to break down

at high frequency of 660 Hz (Van Peperstraete et al. 1978).

In normal ears, the recorded tail val ue of susceptance
for negative pressure is always snaller than the one for
positive pressure. The vol une nmeasurenents indicate that
the assynetry in suscpetance cannot be attributed conpletely
to the vol unme change in the ear canal. Sone part shoul d be

attributed to the mddl e ear al so.
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Fel dman (1967) studied 33 subjects w th nornal
hearing, Determnation of ear canal vol ume was done for
24 subjects. The nean val ue of ear canal vol une was
0.56 cc and the normal range was 0.4 to 0.8 cc. This
mean val ue does not agree with the nean of 0.8 cc reported

by Nl xon and G orig.

4 repeated neasurenents on 13 subjects. Alsowth
t he means ranging fromO0.72 cc to 0.87 cc reported by

Tillman et al.

Northern and Gimers (1978) reported that for
children the nornal ear canal vol une, peripheral to an
intact drumis approximately 0.6¢cc - 0.8cc and for adults

approximately 1 cc to 1.5 cc.

Shanks and Lilly (1981) studied 4 wonen and 4 nen
age ranging from23-31 years (wth a mean age of 26 years)
with nornmal hearing. They had no evidence of m ddl e ear
pat hol ogy. Susceptance and conductance at 220 Hz and 660 Hz
were recorded for pressures ranging from-400 dapa to
+400 dapa and at peak pressure. Results showed that the
| argest nmean error in estimating ear canal vol une from
t ynpanonetry occured for probe frequency and pressure, nost
commonly used to estinate ear canal volune (ie) for 220 Hz

tone and +200 dapa pressure.
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Shanks (1984) reported that the anplitude of tynpano-
grans is inversely related to the vol une of the ear canal
(ie) the tynpanonetric anplitude is greater for a snaller
ear canal volume. The tynpanonetric anplitude reduces non-
linearly with increases in ear canal volune. The changes
in sound pressure level will be greater and therefore tynpano-
metric anplitude will be greater in snaller ear canals. The
| arger the ear canal vol une becones, the broader and shal | ower

t he tynpanogram becones.

The di screpancy in the mean val ues of ear canal vol une
in adults and children across different studies can be
attributed to the difference of techniques related to the
depth of insertion of the speculum Wen ear canal vol une
exceeds the 0.55 to 0.6 cc range, the inplication is that
the examner is not inserting the specul umdeep enough into

t he ear canal .

Tynpanonetric configuration - Effect of probe frequencies:

Al berti and Jerger (1974) described, tynpanonetric peak
anpl i tudes and shapes observed using vari ous probe tones in

normal m ddl e ears.

Figure illustrates the rel ationship between peak anpli -
tudes, shape and probe tones. It shows that as the probe tone

frequency increases, the anplitude al so i ncreases, when probe
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tone frequency approaches 660 H,, notching of the tynpano-
gram begins to occur. This notching becones nore prevail nent
as the probe tone frequency increases beyond 660 Hz upto
900 Hz, Alberti and Jerger (1974) referred to t he notching
shape as ' W shaped. Majority of normal m ddl e ears have

"W shaped tynpanograns for probe frequency above 900 Hz.

Liden, Harford and Hallen (1974) stated that since high
frequency probe tones around 800 Hz were near the resonance
frequency of the mddle ear and since ear canal pressure
changes cause changes in the resonance characteristics of the
m ddl e ear, the 'W shaped tynpanograns refl ect increased
I nteracti on anong t he probe tone frequenci es, resonance

characteristics of the mddle ear and external ear canal

pressure.

Colletti (1976) studied 72 ears - 20 nornmal and rest
pat hol ogi cal ears. All selected ears underwent the nulti -
frequency tynpanonetry. The investigation started from
200 Hz and noved towards hi gher frequencies in 200 Hz step.
In the group with normal m ddl e ear, follow ng types of
t ynpanogr ans wer e observed.

- From 200 "z to between 650 Hz and 1200 Hz 'V shaped

characteristics (Ist range).
- "W shaped was present in an interval of around 300 Hz

over the frequency previously described (2nd range).
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- Finally, the tynpanograns aasuned the 'V inverted shaped
Wi ch began at between 1000 Hz and 1400 Hz and becane
nore evident at higher frequencies (3rd range).

Thi s study supported Liden et al. who proposed t he usage of

800 Hz probe tone, as tynpanonetric shape shows cl ear

dependency on the probe tone frequency.

Margol is and Popel ka (1977) investigated tynpanonetric
assymetry in 17 nornal adult subjects. The data are dis-
cussed in terns of 5 categories of subjects based on otol ogic
hi story and shape of the 660 Hz tynpanogram Al |l subjects
had si ngl e peaked tynpanogram at 220 Hz.

Case | - Included five audionetrically and otoscopically
normal subjects with normal, single peaked tynpano-
grans at 660 Hz.

Case Il - Included 3 normal subjects wi th doubl e peaked 660Hz
acoustic susceptance tynpanogram

Case Il - Included 2 normal subjects with doubl e peaked
acousti c susceptance (Bs) and conductance (G)

t ynpanogram at 660 Hz.

As the probe tone frequency increased, the tynpanogram

becane nore assymmetrical w th hi gher B, val ues on the positive

pressure side of the tynpanogram The nmean G, t ynpanogram

for normal subjects increased in magnitude as probe frequency
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i ncreased, but remain nearly symmetrical around t he maxi num

that occurs near anbient ear canal pressure.

In the Case Il and I'1l, the absol ute val ues of acoustic
react ance and resistance are nearly equal at 660 Hz and
t hese subj ects denonstrated substantially | ower acoustic
react ance than acoustic resistance in the region of anbient

ear canal pressure.

Van Peperstraete, Oeten and Van Canp (1979) investigated
the tail assymmetry of susceptance tynpanogram A flow
nmeasuri ng devi ce enabl ed an accurate determ nation of ear
canal vol ume changes during tynpanonetry. For these measure-
nerits one finds that not only is the assymretry due to t he
ear canal volune change, but that finite drum susceptance
exi st at high transtynpanic pressure. They found B, and G
at 220 Hz and 660 Hz using Grason Stadl er otoadmttance neter
nodel 1720.

Susceptance at the drumfromneasurenents of 19 ears:

* Aresidual By existed, both for high positive and high
negati ve transtynpani c pressures. For both pure tone fre-
quenci es 220 Hz and 660 Hz the val ues By" and By wer e

unequal .
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- The ratio of the susceptances By 660 Hz / By 220 Hz at
the tails of the tynpanogramis nostly smaller than 3.

- The By for a negative pressure is greater than By for
a positive pressure across the drum

For a hard-wal |l ed cavity of small dinmensions, the recorded

susceptance is proportional to the probe tone frequency

whi ch neans that B 660 Hz/B 220 HZ = 3.

Vanhuyse et al. and Van Canp et al (1984) devel oped a
classification systemfor simultaneously recorded suscep-
tance (B) and conductance (6) tynpanograns using a high
frequency probe tone such as 678 Hz. The susceptance and
conduct ance tynpanogranms were described according to the
nunber of extrema or direction changes neasured. The
adm ttance tynpanograns are explained with reference to the
rel ationshi p between resistance and reactance whi ch exhibit
| ess conplex patterns. The 4 basic nornmal tynpanograns are
as follows:

1) The single peaked or 1B1G tynpanogramhas one extrenum for
each admttance conponent. This tynpanogramis recorded
when reactance i s negative (ie. ear is stiffness controlled)
and resistance is snaller.

2) The 3B16 patterns shows notching of the B tynpanogram
al though susceptance remains positive for all ear canal
pressures. Here the mninumnotched Bis slightly nore
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negative than maxi numG value. |In addition, the nore
positive B maxinumis larger in anplitude than the
negative mninum Vanhuyse et al. attributed this
difference to the nmonotonically reduced resistance

t ynpanogram as a function of ear canal pressure.

3) Notching occurs in both the B and G tynpanogramin the
3B3G pattern. \hen, this pattern is recorded, the
m ni mum not ched B val ue generally is negative. The
3B3G tynpanogram i s recorded when reactance is recorded,
when reactance is positive, near 0 dapa and is negative
for extreme pressures and when resistance is greater

t han reactance.

4) The nost conplex pattern, 5B3G also is found when the
m ddl e ear systemis mass controlled. |In contrast to
the 3B3G pattern, the reactance in 5B3G pattern is greater

than resistance near ambient air pressure.

According to Vanhuyse et al. the nornally notched tynpanogram
must meet the following criteria:
- The number of extrema must not exceed 5 for B and 3 for G
t ympanogr anse
- The di stance between the outer nmost B maxi ma must be smaller

than the di stance between the B maxi na.
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- The di stance between the outer nost naxi na nmust not exceed
75 dapa for tynpanograns with 3 extrema (3B3G and nust
not exceed 100 dapa for tynpanograns with 5 extrene (5B3G).

Margolis, Van Canp, WIlson and Oretan (1985) descri bed
the anplitude and shape of susceptance, conductance and
adm ttance tynpanograns obtained fromyoung adults w th nornal
m ddl e ears using probe tone frequencies varyi ng between 220 Hz

and 910 H, and an absol ute acoustic i mmttance devi ce.
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Ve NN
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Suscept ance, conductance and admttance tynpanograns
fromone normal subject at 6 probe frequencies and positive

and negative direction are shown in the figure.

In the figure, the peak anplitude on the susceptance
tynpanogramis greater than that on the conductance tynpano-
gramand the peak anplitude on the admttance tynpanogram
is only slightly greater than that on the B tynpanograns
for 220 Hz probe tone. This relation betwen the 3 conpo-
nents occurs at 220 Hz as the resistance of mddle ear is
very snall here. As the probe tone frequency increases,
normal mddle ears start to denonstrate notching in the B, G

and Y tynpanogr ans.

Maryolis et al. (1985) attributed the changes in the
suscept ance and conduct ance tynpanonetric patterns with
probe-frequency changes, to the shift in acoustic reactance

fromlarge negative value to small positive val ues.



VETHODOLOGY

The net hodol ogy of the present study is described under

t he fol |l owi ng headi ngs: -

1. Subjects:

Criteria for selection of subjects:

Adul ts - Totally 30 nornmal hearing adults whose PTA of
both ears within 20 dB HL i n octave frequencies
from250 Hz to 8 KHz (ANSI 1969) were sel ected.
The subjects were 15 nmal es and 15 fenal es age
rangi ng from 18- 26 years.

Children - 30 nornal hearing children whose PTA of both
ears liewthin 20 dB HL i n octave frequencies
from250 Hz to 8 KHz (ANSI 1969) were sel ected.
Thi s group consisted of 3 age groups ie 8 years,
10 years and 12 years respectively. Each age

group had 10 subjects ie. 5 females and 5 mal es.

In order to neet the criteria for selection the subjects

shoul d have an ' A" type tynpanogramw th the refl exes present

on an immttance instrunments which would indicate the absence

of any m ddl e ear pat hol ogy.

Justification:

1. The occurrence of m ddl e ear pathology after the age of

8 years is |ess.
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2. Significant difference in terns of physical vol une peak
pressure and static admttance val ues are not expected
bet ween t he adj acent age groups. Hence children in the

age group of 8, 10 and 12 years were sel ected.

2. Instrunentation:

The Grason Stadler Mddle Ear Anal yzer 33 version 2
was used for the present study. It is a mcroprocessor
based adm ttance audi oneter which has facilities for com
pl ete automati c or manual diagnostic testing for anal ysis
of mddle ear function. Admttance (Y) and its conponents
susceptance (B) and conductance (G can be neasured with

probe tone frequencies of 226 Hz, 678 Hz and 1000 Hz.

An audi oneter nanely Madsen OB 822 cali brated according
to 1SO Standards was al so used to check the behavi our al
t hreshol ds (air conduction using earphone TDH 39 and bone
conduction using bone vibrator RADIO EAR B-71 ) at octave

frequenci es using the Mdified Hughson-Wst | ake Procedure.

3. Calibration:

The Grason Stadler Mddl e Ear Anal yzer 33 version 2 has
been calibrated according to the standards specified in the

manual .
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The audi oneter has been calibrated using a Sound Level
Meter - B&K 2230 and a m crophone - B&K 4144. The calibra-
tion of earphone output has been acconplished with the help
of artificial ear - B& 4152, along with the sound | eve

nmet er and m crophone of one inch and earphone (TDH 39).

4. Test environment:

The test was conducted in an air conditioned sound
treated room The noise |levels were neasured using a Sound
Level Meter (B&K 2209) an Cctave Filter Set (B& 1613) and
a Condensor M crophone (B&K 4165) and the noise |levels were
within the permssible [imts as given in ANSI Standards

(1969).

5. Test procedure:

The patient was seated confortably. The probe box was
attached to the velcrostrip on the shoul der nount or cl othes
clip and position on the patient. Then the presence of
obstructive cerunmen in the ear canal was checked. The
correct size of the 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 t he punp speed was sel ected as 200 dapa. Then

the ' start' button was pressed.
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The pressure was varied front -400 dapa to +200 dapa to
obtain a tynpanogram Since the instrunment was an autonatic
one, the tynpanonetric val ues including the values of the
physi cal vol unme, admttance at the tynpani c nenbrane, peak
pressure and gradi ent was di spl ayed on the screen after
getting the tynpanogram Tytnpanograns at 678 Hz and 1KHz

wer e obtai ned using a sim/lar procedure.

Suscept ance tynpanogramwas then obtained for 226 Hz,
678 Hz and 1 KHz using a simlar procedures The susceptance

t ynpanogram obt ai ned at 226 Hz is represented as shown bel owz
A

Svs a-ftmce

"7"""’

Sucé
Crmon ot

”Rne

acoustic

=>

- . ¥ ¥ -
Peak Pressure:" %0 ~100 & 190 200 300

The ear canal pressure corresponding to the tynpanonetric

peak was considered as the estinate of peak pressure.

Physi cal vol une:

The physical vol unme Wiich is the volunme of the ear canal
was cal cul ated at high positive pressure (ie) +200 dapa which

was built in the ear canal.
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Peak conpensated acoustic susceptance at the tynpani c nenbrane

The susceptance of the mddle ear without the effects
of the ear canal was estinmated fromthe tynpanogram The
followi ng steps were used in calcul ating suaceptance at the

t ynpani ¢ nmenbr ane.

1. Acoustic susceptance was calculated with the ear pressurised
to + 200 dapa, the value that results in the mni mumval ue
B(MN).

2. Acoustic susceptance calculated at the ear canal pressure
corresponding to the tynpanonetric peak gave the peak
val ue for single peaked tynpanogram Biwy. In a notched
t ynpanogram the susceptance at the tynpani c, nenbrane was

cal cul ated at the m ni num value 1 n the notch.

3. The pressure change was done from -400 dapa to +200 dapa.
Equation for cal cul ati ng susceptance at the tynpani c nmenbrane:

Btm: Bmax - Bmin
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RESULTS AND DI SCUSSI ON

One of the ains of the present study was to find the
effect of probe frequency, on susceptance tynpanogramin

nmal es and fenales in both adults and chil dren.

At | ower probe tone, frequencies as well as for high
probe tone frequencies (678 Hz and 1000 Hz) not ched suscep-
tance tynpanograns were obtained. At 226 Hz, only single
peaked t ynpanograns were obtained in the present study.

Ef fect of probe tones on admttance tynpanograns was al so

f ound.

The percentage of occurrence of notched tynpanograns
in both males and fenmales in both adults and children for

suscept ance and admttance tynpanograns are given in Tabl e-1.

Admittance Susceptance
678 Hz 1000 Hz 678 Hz 1000 Hz

Adults

Males 0% 30% 30% 70%

Females 0% 50% 23.3% 93.3%
8 years

Males 0% 10% 0% 30%
10 years

Males 0% 30% 0% 20%

Femaj es 0% 0% 0% 0%
12 years

Males 0% 20% 20% 40%

0, 0,
Females 0% 10% 0% 30%
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Fromthe Table-1, it can be seen that, in the adm -
ttance tynpanogram notches are seen only at 1000 Hz and
not at 678 Hz. The percentage of occurrence of the notches
isnmore in adult females (ie) 50% when conpared to adult

mal es and chil dren.

In the susceptance tynpanogram the percentage of
notches is nore in adults than in children. 1In adults

f emal es have t he hi gher percentage of notches (ie) 93.3%

Anong children of 12 years age, the group has nore

per cent age of notches than 8 years and 10 years age group.

Rel ati vel y nore notched tynpanogram wer e observed with
1000 Hz tone conpared to 678 Hz probe tone. Al nost all age
groups showed not ched tynpanograns at 1000 Hz, even if their

t ynpanogr ans showed no notches at 678 Hz.

Present study supports the study by Margolis et al.
(1985) who reported that as the probe tone frequency
i ncreases, the occurrence of notching occurs nore in suscep-

tance than admttance tynmpanogram

One of the ains of the present study was to establish
normative data for admttance and susceptance tynpanogramns

for adults and children of both sexes.
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Mean, standard deviation and range for physical vol une,
peak pressure and neasurenents at tynpani c nenbrane, are

given in Tabular formin the foll ow ng pages.

Statistical analysis was done using 'paired’ and 'unpaired
't' test to find the significant difference betwen nal es and
females in both adults and children at 0.05 level of signifi-

cance for the follow ng paraneters.

1. Physical volunme at 226 Hz i n susceptance tynpanogram

2. Peak pressure at 226 Hz in susceptance tynpanogram

3. Susceptance at tynpani ¢ nenbrane.

Tabl e-2: Show ng t he nean, standard deviation and range for

physi cal volune for admttance and susceptance at
226 Hz, 678 Hz and 1000 Hz for mal es and femal es i n

adul ts.
Pr obe Mean St andard Range
Paranmeter tone devi ati on
frequency

(inHz)  Males Females Hale Females Male Fenales

Adnmttance 226 1.14 1.48 0.16 0.26 0.0 1-
15 2.2
678 3.46 4.35 0.45 0.76 2.5- 2. 8-
4.6 5.3
1000 575 7.3 0. 63 1.4 4.4- 4. 2-
7.1 9.7
Suscept ance 226 1.11 1.48 0.16 0.22 0.7 1-
1.4 2
678 3.41 4.33 0.42 0.79 2.5- 2.37-
4.2 5.4
1000 5.71 7.44 0. 63 1.49 4. 4- 4. 3-
7.1 10. 4




37

o
9-¢€ T96°€ T0'T ¥8 0 88 ¥ 0 'S ZH 000T 9
9'¢€6'T LEVC 090 9 0 66 ¢ €0 € H 8.9 u
¢ T-90 <¢1T-L°0 10 LT°0 66 0 66 0 ZH 92¢ sleak g1 e
SY-1T€ €9-¢CV 6€ 0 6.0 L6°€ 86 ¥ ZH 000T d
9¢-8T L'E€E-TC 6¢ 0 €S0 ¢¢ v, '¢ H 8/9 3
60-G0 G¢-L0 ¥T°0 120 690 €01 74 92z Stedk 0T 4
G-G'¢E G'8-€ 650 8L'T ST 8¢ v ZH 000T S
T€86'T €¥-8'1T 9€ 0 ¢80 vE ¢ T9 ¢ ZH 8.9 n
TT90 €T9%0 9T 0 vZ 0 ¢80 g8 0 ZH 9g¢¢ sJtesk g S
6'G-€°€C 96 0 0T 88 ¥ TT°S ZH 000T °©
9'¢6'T 8¢€E-E€C 65 0 S0 96 ¢ ¢0 € H 8/9 Y
¢T-90 <¢T-LO0 TC¢ 0 LT 0 860 96 0 ZH 92¢ sJedk g1 m
EVE €9-¢v 140 6,0 ¢9°€ TC'S ZH 000T |
9¢C8T LEVC Ge0 €50 éc’¢ 70 '€ H 8/9 |
6090 <¢T-80 €T 0 9T 0 ¢L 0 96 0 ZH 922 sleak 01 _
G- '€ 6 '8-€ ¢S°0 98 'T 66 '€ 1€ ¥ ZH 000T w
T€TZC LV8'T 9€ 0 68 '0 85 ¢ 19%¢ ZH 819 *
T-.'°0 €190 61 ‘0 vZ 0 €80 .80 ZH 92z sieak g A

abe pue

9 [aus4 3 [aN 9 [audH 3 |9\ 9 [aua4 3 8N Aouanba i}
abuey as ueagn auo0 1 9qo Id 13 1aue Jed

‘U9 Ip | IYd B |rUS } pue B |au

0] zH 000T pue zH 8/9 ‘zH 92Z¢Z 1le aojue1dadsns pue aduellwpe IO}

aun |oA |ed ISAyd Jo abue s pue uo Ile IABp pJepuels ‘ueau ayl Bu moys :€-9 |gel



38

Table-4: Showing the mean, standard deviation, ' t' values
and probability of physical volume at 226 Hz in
susceptance tympanogram between adults and children.

Mean D 't" value Probability Signifi-
level cance
Adults 1.3 0.27
8.2505 0 S
Children 0.9 0.29

Table-5: Showing the mean, SD, 't' value and probability of
hysical volume between males and females in both
adults and children at 226 Hz in susceptance tympano-

gram.
Mean SD 't" vaue Probability Signifi-
level cance
Adults
Maes .11 0.16
-7.18 0 S
Females 1.48 0.22
8 years
Males 0.85 0.24
0.324 0.75 NS
Females 0.82 0.16
10 years
Males 103 054 1.04 0.686 NS
Females 0.69 0.14
12 years
Males 0.99 0.17 0 L Me

Females 0.99 0.21

FromTable-2 it could be inferred that for adults, both
in males and fenal es as t he probe tone frequency i ncreases,
t he physi cal vol unme al so increases in both admttance and

suscept ance tynpanogr am
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Prom Tabl e-3, it could be inferred that there is
an increase in physical volume as the probe tone increases
wi thin each age group in both males and fenmal es in adm -

ttance and susceptance tyrapanogram

Between the children's group, there is a slight increase
i n physical volunme in 10 year, old and 12 year ol d nal es and
f enal es when conpared to 8 year old nal es and fenmal es, but
there was no significant variation between the 10 year ol d
and 12 year old group in either admttance and susceptance

t ynpanogr ans.

As shown in Table-4, frompaired 't' test, it was
found that there was significant difference between adults
and children in physical volune for susceptance tynpanogram

at 226 Hz.

As shown in Table-5 fromunpaired 't' test. It was
found that there was no significant difference in both
mal es and femal es in the children group, consisting of
8 years, 10 years, and 12 years. But between adult nal es
and fenal es there was significant difference in physical

vol ume.
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Tabl e-8: Show ng nean, standard deviation, 't' val ue
Probal ity of peak pressure at 226 Hz for suscep-
ance tynpanogram between adults and children.

Mean SD 't" value Probability Signifi-
level cance
Adults 6.5 25.098
) 2.407 0.01%4 S
Children 2.83 18.001

Tabl e-9: Showi ng nean, standard deviation, 't' value and proba-
bility of peak pressure between males and females in
both adults and children at 226 H, in susceptance

t ynpanogr am
Mean D 't value Probability Signifi-
level cance
Adults
Males 5.33 25.05
-.36 0.7221 NS
Females 7.67 25.52
8Y ears
Maes -5.5 24.32
-0.68 0.5064 NS
Females 0] 8.16
10 Years
Males 5 13.74
3.76 0.0014 S
Females -22.5 18.6
12 years
Male* 4 16.12
0.34 0.7352 NS
Females 2 8.88

Table-6 it can be inferred that the normal range for
mal es at 226 Hz in admttance tynpanogramwas -45 to 25 dapa

and that for fermal es was -30 to 45 dapa.
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Brooks (1980) reported the normal range for tynpano-
netric peak pressures to be between -50 dapa to + 50 dapa
in adults. The results of the present study supports this

r ange.

| n suscept ance tynpanogram at 226 Hz the normal range
was between -90 to 50 dapa in nmales and -35 to 95 dapa in

f emal es.

Tabl e-7 shows that with an increase in age in the adm -
ttance tynpanogramat 226 Hz, the range became narrower in
both male and female children. In the susceptance tynpanogram
in males at 226 Hz there was a narrowi ng of the range as the

age increases unlike in fermal e children.

The norrmal range for children in admttance tynpanogram
at 226 Hz was -50 to 10 dapa and that for susceptance was

-50 to 20 dapa.

Brooks (1971) proposed that the nornal m ddl e ear
pressure in children is as high as - 30 dapa. In the present
study, the lowest |imt exceeds beyond that reported by
Brooks (1971). This difference mght be due to -

1. Nunber of subjects selected, whichWs 30, conpared to 1053
I n Brooks study.
2. Age range according to Brooks study was 4-11 years, but

in the present study it was 8, 10 and 12 years.
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3. Criteria enployed for the selection of subjects - in
Books study it was normal hearing children. In the
present study, PTAw thin 20 dB, with nornmal bone
conduction thresholds from250 Hz - 4 KHz and an'A

type in the i npedance audi onetry.

As seen in Table-8 paired 't' test showed that there
was significant difference between adults and children in

peak pressure in susceptance tynpanogram at 226 Hz.

As shown in Table-9, fromunpaired 't' test it was
found that except for 10 years nmales and fenal es, there
was no significant difference between nmal es and fenal es
in the adult group, 8 years and 12 years group i n peak

pressure.
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Tabl e-13: Showi ng the nean, SD, 't' value and probability
of susceptance at tynpani ¢ nmenbrane between nal es
and females in both adults and children at 226 Hz,
678 Hz and 1000 Hz,

Mean So RN & Probability Signifi-
vaue level Y ance
226 Hz.Adults
Males 2.28 0.46
Females 1.93 046 ~2.82 0.0067 S
| yearsMal 1.39 0.21
es : :
Females 1.24 023 15 0.15 NS
10 yearI\S/I al 1.35 0.20
es : :
Females 106 017 346 0.0028 s
12 yearI\S/I al 1.75 0.49
es : :
Females 152 047 10489  0.3081 NS
678 Hz Icl\glults £ > ,
es ) 1.25
Females 465 093 182 0.0748 NS
° yearsM al 3.61 1.04
es : :
Femal es 339 054 060 0.5553 NS
10 yearI\S/I al 4.16 0.66
es : .
Females 306 031 476 0.0002 S
12 yearI\S/I al 4.25 0.67
es : :
Females 399 126 07 0.5777 NS
1000 HZMAéJdUItS 5 )10
es : :
Females 344 158 -8.028 0 s
° yearsMal 513 1.86
es : :
Females 452 1 0.91 0.3748 NS
10 Y a 5.7 0.72
es : .
Femal es 5 0.45 255 0.0199 S
12 yearI\S/Ial 5.83 1.02
es . :
Females 568 151 026 0.7970 NS
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Tabl e-1 O shows that the susceptance at the tynpanic
menbrane ranges from1.42 - 3,25 mrhos in adult mal es and
in females fromO0.78 . 2.9 mmhos at 226 Hz.

Tabl e-11 shows that the admttance at the tynpanic
nmenbrane ranges from0.4 - 2.2 at 226 Hz in nal e children

and 0.1 - 1.2 mmhos in fenal e chil dren.

Tabl e- 11 shows that the susceptance at the tynpanic
nmenbrane ranges from1.11 - 2.99 mmhos at 226 Hz in mal e
children and in female children fromO0.75 -2. 38 mrhos.

Jerger (1972) reported that wonen consistently showed
a |l ower average conpliance and | ess variance than nen at

all ages.

The present study is in agreement with this statenent.

As seen in Table-12 paired 't' test showed that at
226 Hz and 678 Hz there was significant difference between
adults and children. But at 1000 Hz there was no significant

di fference between adults and chil dren.

As shown in Table-13, unpaired 't' test, found no

significant difference between nales and fenales in the 8
year and 12 year age group at 226 Hz, 678 Ha, and 1000 Hz.
In the 10 year group, nales and fenal es showed significant

difference in susceptance at tynpanic nenbrane at all the
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3 frequencies. In the adult nmales and fenal es, significant
di fference was found at 226 Hz and 1000 Hz but at 678 Hz ao

significant difference was found.

Tabl e- 14 shows that as the probe tone frequency increases
t he susceptance at the tynpani c nmenbrane increases. This
difference was statistically significant between 226 Hz and
678 Hz, 678 Hz and 1000 Hz, 226 Hz and 1000 Hz in adults

and children in both mal es and fenal es.
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SIMMARY

The present study was done on 30 normal hearing
adults 15 males and 15 females age ranging from 18-26 years
and 30 normal hearing children of 3 age groups (8, 10, and
12 years) consisting of 5 males and 5 females in each age
group. Using Grason-Stadler-33 Version 2 Middle Ear
Analyzer, Physical volume, Peak pressure and susceptance
at tympanic membrane were obtained and normative data for

admittance and susceptance tympanograms were established.

Statistical analysis was done for the above mentioned

parameters using paired and unpaired 't' test.
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CONCLUSI ON

The foll owi ng concl usi ons were drawn fromthe present
st udy:
1. As the probe tone frequency was i ncreased, the tynpanograns
showed notches. The notches were nore frequent for

suscept ance tynpanogram conpared to admttance tynpanogram

2. As the age increase, the physical vol une increases.

3. I n susceptance tynpanogramat 226 Hz, the m ddl e ear peak
pressure ranged from-90 to 50 dapa in males and -35 to
95 dapa in females. In children, range was from-50 to 20

dapa.

4. Regarding susceptance at the tynpanic nenbrane at 226 Hz,
the range for adult nales was from1.42 - 3.25 nmhos and
0.78 - 2.9 nmmhos in females. For nmale children the range
was 1.11 - 2.99 mmhos and 0.75 - 2.38 mmhos for fenale
children

5. The susceptance at the tynpani c nenbrane increased as the
probe tone frequency was increased.

6. There was significant difference betweenadults and chil dren
I N susceptance at the tynpani c nenbrane at 226 Hz and 678 Hz
but not at 1000 Hz.
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Limtations of the present study;

The present study has limted domain, in the follow ng
aspects: -
1. Event hough sinpl e random sanpling was done for selection
of subjects, the nunber of subjects were |ess.
2. Children less than 8 years of age were not consi dered

I n the study.



- 55-

Bl BLI OGRAPHY

Al berti, PPW, and J.F. Jerger, (1974). Probe tone
frequency and the di agnostic val ue of tynpano-
metry. Archives of ol aryngol ogy, 99, 206-210.

Al berti, PPWR, and Kristensen, R (1970). The clinical
appl i cation of inpedance audi onetry. Laryngoscope.
88p 735-746. P y ynd P

Beattie, R C, and Leany, D.P. (1975). Qoadmttance:
nor mati ve val ues, procedural vari ables, and
reliability. J.Am Audiol. Soc. |, 21- 27.

Colletti, V. (1977). Miltifrequency tynpanonetry. Audi ol ogy,
16, 278-287.

Creten, WL., and Van Canp, K J. (1974). Transient and quasi -
static tynpanonetry. Scand. Audiol .3, 39-42.

Creten, WL., Van Peperstraete, P.M, and Van Canp, K J. (1978).
| npedance and adm ttance tynpanonetry. |. Expe-
ri mental approach. Audiology, 17, 97-107.

Cretan, WL., Vande Hejmng, P.H, and Van Car‘g) K J. (1985).
Immttance audionetry: Normative data at 220 Hz
and 660 Hz. Scand. Audiol. 14, 115-121.

Pel dman, A. S. (1976), Tynpanonetry - procedures, interpreta-
tion and variables. In A S. Fel dnman and
L.A WIlber Eds.), Acoustic inpedance and
admttances The neasurement of m ddl e ear
function, PP. 103-155. Baltinore: WIllianms and

W ki ns.

Fel dman, A.S. (1977). D agnostic application and interpreta-
tion of tynpanonetry and the acoustic reflex.

Audi ol ogy, 16, 294-306.



-56-

Jerger, J., and Jerger, S., and Mauldin, L. (1972).
Studies In impedance audiometry |. Normal
and sensori-neural ears. Arch Otolaryngol.
96, 513-523.

Lilly, D.J., and Shanks, J.E. (1981). Acoustic immittance
of an enclosed vol. of air in Popelka, G. Ed.
Hearing assessment with the acoustic reflex
Grune and Stratton, New York.

Margolis, R.H. (1981). Fundamentals of acoustic immittance.
Appendix A. in G.Popelka, ed. Hearing Assess-
ment with the acoustic reflex. Grune and
Stratton, New York.

Margolis, R.H., and Popelka, G. (1977). Interactions among

tympanometric variables. J. Speech.Hear.Res.
18, 447-462.

Margolis, R.H., and Smith, P. (1977). Tympanometric asymmetry.
J.Speech Hear.Res. 20, 437-446.

Margolis, R.H., K.J. Van Camp, Kilson, R.H., C ret en, W.L.
(1985). Multlfrecluency tympanometry in
normal ears. Audlology, 24, 44-53.

Margolis, R.H., Shanks, J.E. (1985). Tympanometry. In J.
Katz. (Ed.) Handbook of clinical _audlolo%y
VEVd.IkPP. 438-475. Baltimore; Williams an
ilkins.

Osterhammel, D., and Sosterhammel, P. (1979). Age and sex
variations for the normal stapedial reflex
thresholds and tympanometric _compliance
values. Scand. ‘Audiol. 8, 153-158.

Popelka, G.R. (1981). Hearing assessment with the acoustic
ref le x « Grune and Stratton, New York.

Porter, T., and Winstox, M. (1973). Methodological aspects
of admittance measurements of the middle ear.
J.Aud.Res. 13, 172-177.



-57-

Shanks, J.E (1984). Tynpanonetry. Ear Hear. 5, 263-280.

Shanks, J.E., and Lilly, D.J. (1981). An evaluation of
tynpanonetric estimates of ear canal vol une.
J. Speech Hear. Res. 24, 557-566.

Shanks, J.E., and Wlson, RH, (1986). Effects of direc-
tion and rate of ear canal pressure changes
on tynpanonetric nmeasures. J. Speech Hear.
Res. 29, 11-109.

Van Canmp, K J., Raman, ER, and Cret en, WL., (1976). Two
conponent versus admttance tynpanonetry.
Audi ol ogy, 15, 120-127.

Van Canp, K J., Vanhuyse, V.J., Ceten, WL., and Van
Peperstraete, P.M (1978). I npedance and
admttance tynpanonetry. 1. MNathenati cal
approach. Audiol ogy, 17, 108-1109.

Van Canp, KJ, Creten, WL., Van de Hejning, P.H, Decraener,
WP. and Van Peperstraete, P.M (1983). A
search for the nost suitable immttance
conponents and probe tone frequency in
tynpanonetry. Scan. Audiol. 12, 27-34.

Vanhuyse, V.J., Oeten, WL., and Van Canp, K J., (1975).
On the Wnot ching of tynpanograns. Scand.
Audi ol . 4, 45-50.

Van Peperstraete, P.M, CGeten, WL., and Van Canp, K J.
(1979). On the assymmetry of susceptance
t ynpanograns. Scand. Audiol, 8, 17 3-179.

Wley, T.L., and Block, M. G. (1979). Static acoustic immttance
neasurenents. J. Speech Hear.Res. 22, 677-696.



-58-

Wley, T.L., Oviatt, D L., and Block, MG (1987). Acoustic
imMmttance neasures in nornal ears. J.
Speech Hear. Res. 30, 161- 170.

Wl son, RH, Shanks, J.E , and Kaplan, S. K (1984).
Tynpanonetri ¢ changes at 226 and 678 Hz
across ten trials and for two directions of
ear canal pressure change, J. Speech Hear,
Res. 27, 257-266.



