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Effectiveness of impedance audiometry in diagnosing

serous otitis media in children was examined in this study.

The impedance test battery was performed on seventy-six

ears of pre-myringotomy children (Mean age: 4.6 years).

The status of the middle ear was assessed by the operating

physician during surgery, and impedance results were

correlated with the operative findings.

Middle ear effusion was the variable that most influenced
impedance results. Acoustic reflex threshold and tympanometry

were the most sensitive tests in predicting effusion.

Multiple correlations between these tests and the presence

of significant effusion indicated that both measures together

are diagnostically more sensitive than either test alone.
Also, reflex measurement at one test frequency is as accurate

a predictor of effusion as reflex measurement at all

frequencies.
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CHAPTER I

INTRODUCTION

Recent research has suggested that middle ear disease

and the concomitant mild-to-moderate hearing loss can have

a detrimental effect upon a child's social and educational

development (Holm and Kuntz, 1969). Thus, an additional

goal has been set for Hearing Conservation Programs for

children. Not only must the Hearing Conservation Program

identify those children with a significant sensori-neural

loss, it must also attempt to identify the larger population

of children with medically treatable hearing loss due to

middle ear disease (Harker and Van Wagoner, 1974).

It is generally agreed that middle ear disease is a

common condition in young children. In a National Health

Survey in which a sample of 7,119 children aged six to

eleven years were examined for hearing abnormalities,

16 per cent, or an estimated 3.7 million non-institutionalized
children, had at least one abnormal tympanic membrane indic-

ative of present or past middle ear problems (Roberts, 1972).
The most common middle ear disease in children is serous

otitis media (Chalat and Lounsbury, 1966; Davison, 1966).

The Department of Otolaryngology of Children's Hospital in
Columbus, Ohio, reported nearly 30 per cent of the total

ear, nose, and throat surgical cases for 1973 (1,800 cases)
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were myringotomy and tubal insertion due to serous otitis

media (Liu, et. al., 1975).

The underlying cause of serous otitis media is a

malfunctioning Eustachian tube. Tubal obstruction produces

absorption of air by the middle ear mucosa and results in

negative middle ear air pressure. Membrane changes occur in

the mucosal lining of the middle ear when it is continuously

exposed to negative pressure, and increased secretion of

fluid results. Middle ear effusion hinders the action of

the middle ear system which results in a mild-to-moderate

conductive hearing loss.

Of the four hundred cases of serous otitis media examined

by Lemon (1962), 90 per cent were between the ages of three

and eight years; 50 per cent of these were five to six years

of age. Since the incidence of this disease is greatest for

preschool and early school age children, educational as well

as medical ramifications must be considered.

Research has suggested that children with even slight

hearing impairment due to middle ear disease score lower on

vocabulary and reading tests than do normal hearing children

(Schwartz and Redfield, 1976).

Lewis (1976) demonstrated in his study of Australian

aboriginal children that children with middle ear disorders

resulting in a mild hearing loss were linguistically penalized.

He also reported that "certain types of middle ear disorders

tend to encourage inefficient listening strategies that can

persist well beyond the episodes of active ear disease."
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The focus of school screening programs in the past has

been on identification of the educationally significant

sensori-neural loss. In recent years, public school Hearing

Conservation Programs have been re-evaluated, and it is

currently believed that screening procedures should identify

as many correctable ear conditions as possible in order to

prevent the development of hearing loss which might inter-

fere with educational development (Harker and Van Wagoner,

1974).

From this change of focus has come increased examination

of the efficiency of traditional pure tone screening tech-

niques in the detection of middle ear pathology.

Melnick, et. al. (1964) reported 70 per cent of the

children with past middle ear pathology passed not only a

conventional pure tone screening, but also passed a more

precise threshold measurement. In 1961, Eagles' Pittsburgh

Study indicated that audiometric screening could not identify

all children with medically treatable middle ear disease.

The use of impedance audiometry as a screening device

for middle ear pathology is considered by many to be a

viable solution to the inefficiencies often displayed by

pure tone screening procedures (McCandless and Thomas, 1974;

Orchik and Herdman, 1974; Harker and Van Wagoner, 1974;

Bluestone, et. al., 1973).

Impedance audiometry is a relatively objective measure

of the functional state of the tympanic membrane and the
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middle ear. The impedance battery includes tympanometry,

static compliance, and acoustic reflex threshold.

Tympanometry describes how eardrum compliance changes

as air pressure is varied in the external ear canal. The

relationship between compliance change and pressure variation

is plotted as a tympanogram. Tympanograms have been clas-

sified into basic types by Jerger (1970). Tympanometry has

been employed as the major component in impedance screening

programs. It has been suggested that tympanogram type might

be useful in the diagnosis of serous otitis media. However,

some question exists as to the strength of the relationship

between tympanogram type and middle ear fluid (Northern and

Downs, 1974; Bluestone, et. al., 1973; Jerger, et. al., 1974b;

Orchik and Dunn, 1976).

Also, compliance changes can provide an indirect measure

of existing air pressure in the middle ear. Conflicting data

have been reported as to when negative middle ear pressure

is significant enough to use as a diagnostic clue (Jerger,

1970; Beery, et. al., 1975; Orchik and Herdman, 1974).

Static compliance is an estimation of the volume of the

middle ear space. It is measured by subtracting the air

volume of the external canal from the equivalent volume of

the external ear canal and the middle ear system combined.

This compliance value is expressed in cubic centimeters

(Jerger, 1975).

Acoustic reflex threshold is a sensitive index of the

entire stapedial reflex arc. In a normal middle ear,
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contraction of the stapedius muscle produces a measureable

change in acoustic impedance at the lateral surface of the

tympanic membrane. Reflex threshold is defined as the lowest

hearing threshold level (ANSI 1969) that will produce

detectable changes in compliance in the probe ear when the

pure tone signal is presented to the contralateral ear.

Middle ear disorders usually affect all three measures

of this typical test battery (Jerger, et. al., 1974a). Strict

adherence to a set failure criterion in an impedance screening

procedure utilizing tympanometry alone can result in an inor-

dinate number of false positives (Orchik and Herdman, 1974).

Several suggestions have been made to increase the diagnostic

accuracy of impedance screening techniques.

Lewis (1975) has recommended the use of serial tympano-

grams. An open-ended concept has been suggested whereby

questionable test results would be retested prior to referral.

An impedance test battery approach has also been recommended.

This method would attach considerable significance to the

overall results rather than to any individual impedance

measure (Jerger, et. al., 1974a).

The present investigation was proposed to examine the

results of the impedance test battery in cases of serous

otitis media confirmed at myringotomy. The following

questions were asked:

1. What, if any, is the typical configuration of

impedance results in serous otitis media?
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2. Is either component of the impedance battery a

more sensitive detector of serous otitis media?

3. Does any combination of test components in impedance

audiometry significantly enhance its sensitivity in the

detection of serous otitis meiia?

4. What other clinical features of serous otitis media,

in addition to the presence of effusion, routinely influence

the results of impedance audiometry?



CHAPTER II

REVIEW OF LITERATURE

Serous otitis media, its etiology, incidence, age of

onset, and effect upon speech and language development are

discussed in this chapter. Following this discussion is a

general overview of impedance audiometry and a specific

review of research dealing with the diagnostic use of the

impedance battery in the detection of serous otitis media.

Etiology of Serous Otitis Media

Serous otitis media is the result of an inflammatory

process of the middle ear associated with deficient ven-

tilation of the middle ear space (Lundgren and Rundcrantz,

1976). Eustachian tube dysfunction which causes this insuf-

ficient ventilation is considered by most authorities to be

the underlying cause of serous otitis media (Bluestone and

Beery, 1976; Paparella, 1976; Grahne, 1964). The current

success obtained with ventilating tubes as treatment for

this disease seems to confirm Eustachian tube malfunction as

an important etiological factor in the appearance of middle

ear fluid (Mawson, 1974).

Eustachian tube obstruction may be mechanical or func-

tional or both (Bluestone, et. al., 1974). The mechanical

obstructions most commonly reported result from bacteria,

allergy, or enlarged adenoids.

7
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Identification of microorganisms in middle ear effusion

suggests the possibility of bacterial contribution in many

cases of serous otitis media. Samples of effusion from 175

serous otitis media patients yielded a positive bacterial

smear in 80 per cent (Liu, et. al., 1976). Pathogenic bac-

teria in the nasopharynx of 84 per cent of 96 patients with

serous otitis media was reported by Lundgren and Rundcrantz

(1976). Nasopharyngeal bacteria in these subjects was five

times more prevalent than nasopharyngeal bacteria in healthy

subjects. Davison (1966), however, reported only 36 per cent

of 100 patients had serous otitis media as a result of

bacteria.

Recently, association between allergy and serous otitis

media has been noted with greater frequency. Twenty-one

per cent of Davison's 240 serous otitis media cases were

attributed to clinical allergy. This is twice the normal

incidence in the general population (Davison, 1966). In the

chronically allergic patient, the pure allergic phase is

often interpreted as the normal state, and therefore, the

allergic component usually passes unidentified and untreated.

Allergy enhances the possibility for infection, and thus both

allergy and bacteria may contribute to mechanical Eustachian

tube dysfunction (Clemis, 1976).

Enlarged adenoids can result in another form of mechan-

ical obstruction of the Eustachian tube. Davison (1966)

reported 50 per cent of one hundred serous otitis media

patients displayed hypertrophied adenoids as an apparent
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etiological factor. Grahne (1964) reported that with adenoid

hyperplasia, serous otitis media will usually occur.

Eustachian tube malfunction may also be functional

(Bluestone, et. al., 1974). Bluestone reported that a

functional problem seems attributable to increased Eustachian

tube compliance. The protective and clearance functions of

the Eustachian tube in children with recurrent serous otitis

media were investigated by the instillation of radiopaque

media into the nasopharynx. Results indicated that the

Eustachian tube "failed to protect the middle ear" from this

foreign material. Thus, excessive distensibility of the

Eustachian tube as demonstrated by these children may be a

predisposing factor in serous otitis media (Bluestone and

Beery, 1976).

Sade (1974) suggested that it seems reasonable to look

at the tubal muscles as being responsible to a degree for the

proper or improper ventilation of the middle ear. Chan

reported the functional problem of a congenitally small

Eustachian tube (Chan, et. al., 1967).

A current trend in the literature is to consider several

contributing factors as being responsible for Eustachian tube

malfunction. No one etiology exists for all cases, and more

than one factor may apply at a given time in dynamic fashion

(Davison, 1966; Chan, et. al., 1967; Paparella, 1976; Clemis,

1976). Thus, a child may have multiple components that

require specific identification before treatment for serous

otitis media may begin.
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Incidence of Serous Otitis Media

Serous otitis media is the most common abnormality seen

by otologists treating the pediatric patient (Chalat and

Lounsbury, 1966). Yet, generalizable information about the

prevalence of serous otitis media is scarce. Available pop-

ulation studies of serous otitis media are few and difficult

to compare (Paradise, 1976a).

The incidence of serous otitis media seems to be

increasing (Lemon, 1962; Grahne, 1964; Chalat and Lounsbury,

1966; Chan, et. al., 1967; Sade, et. al., 1976). Three

possible reasons for this increase could be, greater awareness

of the disease, less frequent occurrence of perforation in

acute otitis media which in the past brought middle ear

drainage, and widespread use of antibiotics which eliminate

infection and may leave fluid as a residue (Sade, 1974).

Paradise surmised that more middle ear effusion may exist

than is generally recognized (Paradise, 1976a).

A study of 378 Eskimo children revealed 62 per cent had

otitis media one or more times from birth to four years

(Reed, et. al., 1967). Depending on the time of year at

which tests are carried out, as many as 30 per cent of

children in their first year of school may have middle ear

effusion (Brooks, 1976).

The Canadian Department of National Health and Welfare

sponsored a Hearing Survey of five Indian reservations off

the Pacific coast of British Colombia. Middle ear pathology

was diagnosed in 12 per cent of 1,109 children (Roberts, 1976).
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Harker and Van Wagoner (1974) found 15 per cent of a

mixed racial southeast Alaska grade school population had

either middle ear effusion or persistent abnormal negative

intratympanic pressure indicative of Eustachian tube dys-

function.

In the province of Ontario, ventilating tubes are used

annually on 3 per cent per 1,000 population as treatment for

serous otitis media. The incidence of serous otitis media

may be even greater than realized as an estimated two million

ventilating tubes are manufactured annually (Crysdale, 1976).

Age of Onset of Serous Otitis Media

Most researchers agree that serous otitis media is most

often found in children under ten years of age (Glorig and

Gerwin, 1972). Some disagreement exists, however, as to the

exact age of onset of this disease.

Of four hundred cases of serous otitis media investigated

by Lemon (1962), the age of onset was between the ages of

four and seven years with a peak at age six.

Davison (1966) reported that in 240 cases of serous

otitis media, the peak incidence occurred between the ages

of five years and seven years.

In a 1967 study of 234 Eskimo children with otitis media,

89 per cent had their first episode before their second

birthday (Reed, et. al., 1967).

Birck and Mravec (1976) reported that 78 per cent of

736 children had tubal insertion for serous otitis media
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between one year and six years of age with a marked decrease

after age six.

In Robert's study of seventy-three serous otitis cases

who were diagnosed by a physician, over 50 per cent were

under four years of age (Roberts, 1976).

The more recent investigations seem to indicate a down-

ward trend in the age of onset of serous otitis media.

Paradise reported that the more serous otitis media is

searched for, especially in infants, the more it is going to

be found (Paradise, 1976a).

Effect of Serous Otitis Media Upon Speech
And Language Development

Because serous otitis media is often episodic and

because the concomitant hearing loss is of mild degree, this

disease has been considered primarily a medical problem in

the past (Lewis, 1976).

However, since the age of onset of serous otitis media

is during critically formative years, the possibility of

adverse effects on both cognitive development and language

skills exists (Paradise, 1976b).

The language development of sixteen children who experi-

enced fluctuating hearing loss as a result of serous otitis

media were evaluated by Holm and Kuntz in 1969. These

children, between the ages of five and nine years, had

chronic serous otitis media but no other known medical

problems. They all were functioning in the regular classroom
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and had normal school attendance records. Serous otitis media

had appeared in these children before two years of age and

continued to be a problem at the time of this study. A group

of standardized language measures (ITPA, PPVT, Templin-Darley

Picture Articulation Screening Test) and the Mecham Verbal

Language Developmental Scale were administered to the sixteen

children with chronic serous otitis media and to a control

group of children. Results revealed that the children

suffering from fluctuating hearing loss due to serous otitis

media were delayed on all listed language skills as compared

to the control group of children. Results also suggested that

the difference between these two groups of children was

greater on the tests more dependent on auditory and vocal

skills than on the tests designed to measure motor and visual

skills. These findings indicated that children with chronic

serous otitis media have a marked language handicap (Holm

and Kuntz, 1969).

Two groups of aboriginal children (Mean age: eight years)

were selected for study by Lewis in 1976. The experimental

group of fourteen children, diagnosed as having chronic serous

otitis media, had consistently failed audiometric, tympan-

ometric, and otoscopic examinations administered every six

months for four years. The control group of eighteen children

had consistently passed the auditory tests during the four

year period and were presumed to have normal middle ear

function.



All the children were administered a seven item test
battery. Results showed a general tendency for the control
group to perform better than the experimental group, even
though significant discrimination between the groups was not
noted on four items in the test battery. Those aboriginal
children who had suffered chronic serous otitis media did not
perform as well as aboriginal children of equivalent back-
ground who were disease free. Results of this investigation

suggested that middle ear disease is potentially harmful to
a child's educational achievement (Lewis, 1976).

Impedance Audiometry

The audiometric evaluation of children has improved
substantially with the use of impedance audiometry. Advan-
tages of this technique are that it is quick to administer,
requires little patient cooperation, and provides objective

results (Jerger, 1975).

Impedance is a measure of a system's ability to trans-
mit or accept energy per unit time. Acoustic impedance is
used to measure the opposition encountered by an acoustic
wave at the lateral surface of the tympanic membrane. Cur-
rently available electroacoustic bridges measure the sound
pressure level of a reflected acoustic wave as air pressure
is varied in the external ear canal.

The Madsen ZO-70 Electroacoustic Impedance Bridge
coupled with a pure tone audiometer is typical of the
instrumentation currently used to measure acoustic impedance

14



Cd

(1)
p4
rco

0

I-

0 4->

0C

$4

PH

0
,0

0

+.i Apo.

L 4-:

0

qi oH

C 4

(1

-P

r q

15

H

H

0

E-i

.q

V4

H

0r
zi

I

/1



16

(Jerger, 1970). A diagram of the principal components of the

impedance bridge is illustrated in Figure 1.

Three tubes contained within a probe tip are sealed in

the external ear canal creating a closed cavity. One tube

delivers a 220 Hertz probe tone. The second tube is connected

to a probe microphone which monitors the sound pressure level

of the 220 Hertz probe tone via a bridge circuit and balance

meter. Sound pressure level variation over a range of 0.2 to

5.0 cubic centimeters (equivalent volume) is achieved by a

potentiometer. The third tube, connected to an airpump,

allows air pressure variation in the closed cavity from

positive to negative 400 millimeters of water.

A small housing mounted at the end of a conventional

headband contains the probe microphone and receiver which

are connected to the probe tip by two small rubber hoses.

A third rubber hose delivers air to the probe tip. A con-

ventional earphone is affixed at the opposite end of the

headband. When this headband is properly positioned on the

patient's head, accurate measurement of middle ear function

may be obtained.

The three basic components of the impedance battery

are: tympanometry, static compliance, and acoustic reflex

threshold (Jerger, 1970).

Tympanometry

Tympanometry is the measurement of compliance changes at

the tympanic membrane as air pressure is altered in the



external ear canal. These measurements are graphically plotted
on a tympanogram. Jerger classified basic tympanogram shapes
in four hundred patients with various types and degrees of
hearing impairment (Jerger, 1970). The tympanogram shapes
as classified by Jerger fall into three basic types. Illus-
trations of these basic patterns are seen in Figure 2.

Type A tympanograms, found in normal and otosclerotic
ears, are characterized by a sharp rise to the point of
maximum compliance at or near atmospheric pressure. As
negative pressure is applied, an equally sharp drop in
compliance is observed. Type B tympanograms, typical of
serous otitis media, show a flattened curve. Little or no
change in compliance is observed when pressure is varied. In
type C tympanograms, the point of maximum compliance occurs
to the left of atmospheric pressure indicating the presence
of negative air pressure within the middle ear space. Negative
middle ear air pressure is not considered significant until
the point of maximum compliance reaches or exceeds negative
100 millimeters of water (Jerger, 1970).

Static Compliance

Static compliance provides an estimate of middle ear
volume via two volume measurements. The C, measure, an
estimate of the volume of air in the external ear canal, is
obtained at positive 200 millimeters of water with the
tympanic membrane in a position of poor compliance (Jerger,
1975). The second volume measurement (C2) is made with the

17
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tympanic membrane at its point of maximum compliance where

sound is transmitted most efficiently. The C21 therefore,

provides a measurement of the volume of air in both the

external ear canal and middle ear space.

By subtracting the C, reading (volume of external ear

canal) from the 02 reading (volume of external ear canal and

middle ear space), an estimate of the volume of air in the

middle ear cavity may be obtained. Thus, C, minus C2 equals

the static compliance of the ear (Jerger, 1975).

Acoustic Reflex Threshold

Acoustic reflex threshold is the third portion of the

impedance battery. The stapedial muscle contracts bilaterally

when one or both ears is stimulated with a sufficiently loud

sound. This contraction decreases the compliance of the

tympanic membrane by increasing the impedance of the middle

ear system (Jerger, 1975).

Air pressure is adjusted to the point of maximum com-

pliance where most efficient sound transfer will occur. The

balance meter is adjusted to zero, and an acoustic signal is

introduced via the conventional earphone. When the signal

reaches sufficient intensity to elicit a bilateral acoustic

reflex, the muscle contraction decreases compliance in the

probe ear. This'change in compliance is observed as a sudden

upward deflection of the needle on the balance meter. The

lowest signal level at which a deflection can be observed is

recorded as the acoustic reflex threshold.



Impedance Audiometry In Identification
Of Serous Otitis Media

The majority of research with impedance audiometry in
serous otitis media has dealt with the relationship between

tympanogram type and presence or absence of effusion.
Type B and type C tympanograms strongly suggest middle

ear disorder (Jerger, 1970). In children under six years of
age with conductive hearing loss, 85 per cent demonstrated a
type B or type C tympanogram (Jerger, et. al., 1974b).
Abnormal tympanometry (type B or type C) was shown to accu-
rately predict middle ear pathology in 96 per cent of fifty-
three otoscopically confirmed children with middle ear
disorders (Schwartz and Redfield, 1976).

Of sixty-two otitis media patients investigated by
Jerger, et. al. (1974a), fluid was present in 88 per cent.
Of these patients with middle ear effusion, type B tympan-
ograms were observed in 44 per cent, type C in 45 per cent,
and type A in 11 per cent. Of those subjects without middle
ear effusion, 38 per cent were type B, and 62 per cent were
type C tympanograms. Therefore, even though type B and type C
tympanograms are suggestive of abnormal middle ear function,
Jerger suggested that tympanogram type was not strongly
associated with the presence or absence of fluid in the
middle ear (Jerger, et. al., 1974a).

Orchik and Dunn (1976) found that of fifty-two type B
tympanograms, all had middle ear effusion present at myrin-
gotomy. Eighty-nine per cent of the type B tympanograms had

20
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significant amounts of middle ear effusion. Of the thirty

type C tympanograms in this study, 87 per cent had some fluid

present at myringotomy, and 4 7 per cent had significant

effusion in the middle ear.

Bluestone found that 83 per cent of patients with middle

ear effusion present at myringotomy demonstrated a flattened

tympanogram equivalent to Jerger's type B classification

(Bluestone, et. al., 1973).

Most recent data indicate that type B tympanograms are

indicative of middle ear effusion, and the type B tympanogram

is generally accepted as failure criterion in a screening

program for serous otitis media.

However, a diagnostic dilemma occurs with the type C

tympanogram. Determination of significantly negative middle

ear air pressure is difficult (Bluestone, et. al., 1973). No

true standard exists as to when the amount of negative pressure

present in the middle ear represents otologic risk. Jerger

(1970) recommended negative 100 millimeters of water as the

borderline negative pressure between type A (normal) and

type C (pathological) tympanograms. More recent investigations

have suggested that negative 100 millimeters of water pressure

might be too stringent a criterion. Thus, using this guide-

line, many normal ears would be judged pathological (Orchik

and Herdman, 1974).

Roberts (1976) recommended negative 200 millimeters of

water middle ear air pressure as the boundary between normal

and pathological ears. Using this more lenient criterion,



22

17 per cent of ninety serous otitis media cases displayed type A
tympanograms. Perhaps then, negative 200 millimeters of water
is too lax in that 17 per cent of the pathological ears were
not identified using this criterion.

Beery used negative 150 millimeters of water as the
borderline between normal and pathological tympanogram shapes.
He qualified this failure criterion by stating that those
patients with negative pressure higher than negative 150
millimeters of water should not be referred immediately to a
physician unless they displayed other symptoms. This type
tympanogram should be considered high risk and should be
periodically retested (Beery, et. al., 1975).

Another problem in the use of tympanometry for diagnosis
of middle ear effusion was demonstrated by Orchik and Dunn

(1976) when 23 per cent of one hundred forty ears with
effusion at myringotomy displayed type A (normal) tympanograms.

In 12 per cent of these type A tympanograms, significant

amounts of middle ear effusion were revealed at myringotomy

(Orchik and Dunn, 1976).

Thus, with the exception of the type B tympanogram,

tympanometry does not appear to be an accurate predictor of
middle ear fluid in serous otitis media.

Despite this apparent weakness, tympanometry is being

recommended and employed as the major component in hearing

screening programs (McCandless and Thomas, 1974; Cooper,

et. al., 1975).
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One possible solution to this diagnostic weakness is the

use of serial tympanometry as recommended by Lewis (1975).

Lewis studied tympanometric variations over time in two groups

of children. Short term variations were demonstrated by the

ten children in group one. In this group, tympanogram type

changed frequently over five consecutive days of testing. A

35 per cent probability existed that a type A tympanogram

would change to a type C tympanogram on the following day.

For type A tympanograms, the change was always to type C,

never to type B tympanograms.

Type B tympanograms were more consistent and showed a

19 per cent probability for change to type C. The type B

tympanograms in this group did not change to type A in the

five consecutive days of testing.

A 27 per cent probability existed for the type C tym-

panograms to change. Most of the type C tympanograms changed

to type A. Occasionally, however, a type C changed to a

type B tympanogram.

Long term variations in tympanometry were observed via

the thirty-eight children in group two. Tympanometry was

performed twice on these children with a two month separation

between tests. In 32 per cent of these children, the second

testing reversed the indications of the first testing.

Type C tympanograms showed the most variability over the two

month period.
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Data from Lewis' study suggested that tympanometric

results are highly variable over time. A real danger of over-

referral exists as a result of this variability, especially

for the type C tympanogram which often reflects a transitional

phase of serous otitis media.

As a solution to this variability, Lewis recommended that

children be screened on successive days. Lewis contended that

consecutive day tympanometry has more face validity as this

testing technique is more congruous with the target disease

(serous otitis media) which is intrinsically unstable.

Using this open-ended concept for tympanometric screening,

type B tympanograms would constitute immediate failure. Type A

and type C tympanograms would be retested on successive days

until a conclusion regarding the stability of the middle ear

system was made. Only after successive day testing was

performed would children be referred to a physician for

treatment.

Utilization of results from the entire impedance battery

has been suggested as another solution to the diagnostic

problem encountered in using tympanometry alone as a predictor

of fluid in serous otitis media.

Jerger (1970) suggested that a test battery approach

would alleviate the ambiguity of individual test results.

The overall configuration of results can have considerable

diagnostic significance. A sample pattern as demonstrated by

the patient with serous otitis media would be type B tym-

panograms, low static compliance, and absent reflexes.
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(Jerger, et. al., 1974a). Schwartz and Redfield (1976) on

fifty-three serous otitis media patients found 96 per cent

agreement between the entire test battery results and otoscopy

in the detection of serous otitis media. The impression of

serous otitis media with effusion was not confirmed at

myringotomy, but the data suggested that a test battery

approach may be a highly accurate predictor of serous otitis

media.

This study is designed to determine if a test battery

approach (tympanometry, static compliance, and acoustic

reflex threshold) can increase the sensitivity of impedance

as a screening device for serous otitis media. Specifically,

subjects scheduled to undergo myringotomy will be administered

the entire battery no more than thirty minutes prior to

surgery. Following surgery, presence or absence of effusion

and the condition of the middle ear will be compared with the

impedance test battery results.



CHAPTER III

EXPERIMENTAL PROCEDURES

Information concerning subjects, instrumentation, test

environment and experimental procedures are presented in this

chapter.

Sample

The sample for this investigation included seventy-six

ears of patients between the ages of five months and fourteen

years (Mean age: 4.6 years - Standard Deviation: 3.2 years)

All subjects were scheduled to undergo myringotomy for serous

otitis media and were obtained with the cooperation of a local

otolaryngologist. The age distribution of this sample is

illustrated in Table I.

TABLE I

AGE DISTRIBUTION OF

Age of Subjects

0-6 months. . . . . .
6-12 months. . . . .

1 year. . . . . . .
2 years . . . . .
3 years . . . . . .
4 years . . . . .
5 years . . . . .
6 years . . . . . .
7 years . . . . .
8 years . . - - - -
9 years . . . . . .

14 years . . . . .

SUBJECTS

Number of Ears

*
.*0.0

S

.a

.I

.I

.1

.I

.I

2
4
6
13
6

11
7
7
9
5
2
4

26
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Instrumentation

The impedance data for this investigation were obtained

using a Madsen, model ZO-72, electroacoustic impedance bridge.

This unit provides the capability of obtaining tympanometric,

static compliance, and acoustic reflex data.

A small metal case containing three tubes is attached

to a ZO-72 headband. One tube delivers a 220 Hertz probe

tone. The second tube is connected to a probe microphone

which measures the sound pressure level of the reflected

probe tone. The third tube is connected to an airpump and

allows air pressure variation in the sealed cavity from

positive 400 millimeters of water to negative 400 millimeters

of water. Soft eartips fitted on the end of this case are

inserted into the ear canal to form an air tight seal. The

seal creates a closed cavity system, and once it is obtained,

accurate measurement of middle ear function may be achieved.

Biological calibration of the impedance bridge was

performed daily to validate proper functioning of the

instrument.

Test Environment

All impedance data were gathered in the holding area

for the operating rooms of a local hospital. The subjects

were brought in approximately thirty minutes prior to

surgery. The impedance data were gathered in ten minutes or

less per child. This included the testing of both ears and

recording of results.
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Experimental Procedure

Each subject was brought to the operating room area

approximately thirty minutes prior to surgery. The subject

was in a supine position and partially anesthetized. The

patient's transport bed was placed in a position adjacent to

the cart containing the Madsen ZO-72 electroacoustic impedance

bridge, and the following data were obtained for each ears

1. A tympanogram was plotted from positive 200 millimeters

of water to negative 400 millimeters of water in 100 millimeter

steps, including the point of maximum compliance. In

addition, the points at positive and negative 50 millimeters

of water in reference to the point of maximum compliance were

plotted.

2. The measurement of static compliance for the middle

ear was obtained.

3. The acoustic reflex threshold was assessed at 500

through 4000 Hertz.

The patient was then taken to the operating room where

the myringotomy was performed. The surgeon had no prior

knowledge of the impedance test results. During the surgery,

data relative to the status of the middle ear was recorded

by a second observer as the operating physician dictated.

The following information concerning the condition of the

middle ear was obtained.
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1. Tympanic membrane plane

a. normal

b. retracted

c. distended

2. Tympanic membrane - elasticity

a. increased (flaccid)

b. normal

c. reduced

3. Effusion

a. presence or absence

b. amount

(1) minimal

(2) moderate

(3) impaction

4. Middle ear mucosa

a. normal

b. edemic

The impedance data were then correlated with the

operative findings to determine which component or components

of the impedance battery best reflect the condition of the

middle ear at surgery in serous otitis media.



CHAPTER IV

RESULTS AND DISCUSSION

Results obtained on seventy-six ears of forty-two
patients between the ages of five months and fourteen years
will be presented in this chapter. Results were analyzed in
terms of the simple correlation between impedance test results
(tympanogram type, static compliance, acoustic reflex thresh-
olds) and the status of the middle ear at myringotomy

(amount of effusion, tympanic membrane plane and elasticity,
and condition of middle ear mucosa). In addition, multiple
correlations were obtained for various combinations of
impedance test battery components and the status of the middle

ear.

Tympanometry and Middle Ear Effusion

Of the seventy-six ears examined, fifty-five were found
to have fluid present in the middle ear at myringotomy. Of
these, thirty-two ears were impacted, and seven ears were
judged to have moderate amounts of fluid in the middle ear.
The remaining sixteen ears displayed minimal amounts of middle
ear effusion. A significant correlation (r = 0.59, p>.01)
was found between the tympanogram type and the amount of
effusion in the middle ear. Table II displays the ears
according to tympanogram type and the amount of fluid present

in the middle ear.

30
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TABLE II

TYMPANOGRAM TYPE AND AMOUNT OF EFFUSION

Insignificant Effusion Significant Effusion
Type - --

None Minimal Moderate Impacted

A 14 (52%) 10 (37%) -.. 3 (11%)
C 5 (19%) 6 (23%) 4 (15%) 11 (42%)

B 2 ( 9%) -.. 3 (13%) 18 (78%)

Using this designation of moderate and impacted as indic-

ative of significantly abnormal findings at myringotomy,

thirty-nine ears displayed significant amounts of middle ear

effusion. Twenty-one (54 per cent) of those with significant

fluid exhibited type B tympanograms. Of those remaining,

fifteen ears (38 per cent) were type C tympanograms, and

three ears (8 per cent) were type A tympanograms.

An insignificant amount or no fluid was found in thirty-

seven ears. Twenty-four of those ears (65 per cent) showed

type A tympanograms, eleven ears (30 per cent) showed type C

curves, and two ears (5 per cent) showed type B tympanograms.

The twenty-six type C tympanograms were further differ-

entiated into three categories according to the amount of

negative middle ear air pressure. A type C classification

was applied to those curves whose point of maximum compliance

fell within the negative pressure range of negative 100 to

negative 150 millimeters of water. The point of maximum

compliance for a C2 tympanogram occurred between negative
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151 and negative 200 millimeters of water. Those tympanograms

with a point of maximum compliance greater than negative 200

millimeters of water were classified as C3 curves. Table III

presents a breakdown of the type C tympanograms as a function

of the amount of effusion present in the middle ear at

myringotomy.

TABLE III

TYPE C TYMPANOGRAMS AND AMOUNT OF EFFUSION

Insignificant Effusion Significant Effusion
Type

None Minimal Moderate Impacted

C1 5 (56%) 3 (33%) ... 1 (11%)

C2 -all* 3 (23%) 2 (15%) 8 (62%)

C oo. .. 2 (50%) 2 (50%)

Fifteen type C tympanograms displayed significant

amounts of effusion. Of these, one ear (6 per cent) was a

C curve, ten ears (67 per cent) were C2 curves, and four

ears (27 per cent) were C curves.

Insignificant effusion was present in eleven ears with

type C tympanograms. Eight of these (73 per cent) were C
curves, and three ears (27 per cent) were C2 tympanograms.

Tympanometry and the Condition
Of the Tympanic Membrane

Under the operating microscope at surgery, each tym-

panic membrane was assessed in terms of plane and elasticity.
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The physical findings were then correlated with the results

of tympanometry. A significant correlation between tympa-

nogram type and tympanic membrane plane and elasticity was

not found (r = 0.25). The condition of the tympanic membrane

as a function of tympanogram type is shown in Table IV. The
lack of significant trends is readily apparent upon inspection

of the table.

TABLE IV

TYMPANOGRAM TYPE AND CONDITION OF
THE TYMPANIC MEMBRANE

9 C.-0 o d I .)(1

H ) 4) *+i ) -P

A 11 8 8 1 7 20

c 9 8 9 2 7 17
B 2 1 10 2 5 15

Tympanometry and Middle Ear Mucosa

During the myringotomy, the middle ear mucosa was rated

by the operating physician as either normal or edemic.

Table V presents the ears according to tympanogram type and

the status of the middle ear mucosa at myringotomy. A

smaller, yet significant, correlation between tympanometry

and the condition of the middle ear mucosa was found (r = 0.34,

p >0.01).
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Examination of Table V reveals an interesting relation-

ship between the incidence of ears in which the mucosa was

judged edemic and the results of tympanometry. The incidence

shows a consistent increase as the tympanometric classification

goes from normal (A), to transitional (C), to abnormal (B).

TABLE V

TYMPANOGRAM TYPE AND MIDDLE EAR MUCOSA

Mucosa Mucosa
Normal Edemic

A 22 5

C 17 9

B 7 16

Static Compliance and Middle Ear Effusion

A significant negative correlation was shown to exist

between the static compliance measurement and the amount of

middle ear effusion. That is, as the amount of effusion

increased, static compliance decreased (r = -0.36, p .01).

Table VI presents the relationship between the static com-

pliance value and the amount of effusion present in the

middle ear. It is apparent that the relationship is not as

strong as that found between the results of tympanometry and

the amount of middle ear effusion.

Of the seventy-six ears examined, nineteen had static

compliance values within the normal range (0.28 to 1.72 cubic

centimeters) as specified by Brooks in 1971. Of these,
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fifteen (70 per cent) exhibited insignificant effusionat

myringotomy. However, significant effusion was discovered

in four (21 per cent) of the ears with normal static com-

pliance.

TABLE VI

STATIC COMPLIANCE AND AMOUNT OF EFFUSION

Static Insignificant Effusion Significant Effusion
Compliance None Minimal Moderate Impacted

Normal
(> 0.28) 9 6 1 3
Reduced
(<0.28) 12 10 6 29

Reduced static compliance values (< 0.28 cubic

centimeters) were evident in fifty-seven ears. Of these,

twenty-two (39 per cent) were judged to have insignificant

amounts of effusion present at myringotomy. Significant

effusion was present in thirty-five ears (61 per cent) with

reduced static compliance.

Static Compliance and Condition Of
The Tympanic Membrane

No significant correlation between static compliance

and the condition of the tympanic membrane was evident

(plane, r = -0.18; elasticity, r = 0.06). Table VII displays

the relationship between static compliance and the condition
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of the tympanic membrane. The findings are similar to
those observed earlier with tympanometric results.

TABLE VII

STATIC COMPLIANCE AND CONDITION OF
THE TYMPANIC MEMBRANE

C) (d C.)-P H 0 01 + OH+(1)+)ut

Cd r- H 0 H*$44-31 4'4-') HO Z 4 P+4 w'0
t,2C0d 0 W 1)O ~HHH H

Normal 10 45 .. 811

Reduced 12 23 22 51141

Static Compliance and Middle Ear Mucosa

Analysis again revealed a small, yet significant,

negative correlation between static compliance and the status
of the middle ear mucosa at myringotomy (r = -0.34, pP .01).
The relationship between these two variables is illustrated
in Table VIII.

TABLE VIII

STATIC COMPLIANCE AND MIDDLE EAR MUCOSA

Static
Compliance

Normal

Reduced

Mucosa
Normal

18

28

Mucosa
Edemic

1

29



Of the nineteen ears exhibiting static compliance values
within the normal range, eighteen ears (95 per cent) were
judged to have normal middle ear mucosa at surgery. One ear

(5 per cent) with normal static compliance displayed edemic

mucosa.

Of the fifty-seven ears with reduced static compliance,
twenty-eight (49 per cent) displayed normal mucosa and twenty-
nine (51 per cent) were judged to have edemic mucosa. Thus,
it would appear that although normal static compliance is
usually consistent with a normal mucosa, reduced static
compliance does not necessarily imply an edemic mucosa.

Acoustic Reflex Threshold And
Middle Ear Effusion

Acoustic reflex thresholds were examined at the octave
frequencies from 500 Hertz to 4000 Hertz. The correlation
coefficients for reflex threshold and amount of effusion are
displayed in Table IX. Each was significant at the 0.01

level of confidence.

TABLE IX

CORRELATION COEFFICIENTS FOR REFLEX THRESHOLDS
AND AMOUNT OF EFFUSION

Reflex Correlation
Threshold Coefficient

500 Hertz - - - * . . . . . r = 0.57
1000 Hertz . . . , . * . . . r = 0.61
2000 Hertz 0 . - - - . . . . r = 0.61
4000 Hertz . . . - . . . . r = 0.51

37
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The relationship between the acoustic reflex threshold

and the amount of effusion is illustrated for each test

frequency in Tables X through XIII. The results at each

frequency suggest similar trends.

First, in impacted middle ears, the probability of the

reflex being absent (greater than 110 dBHL) is very high,

ranging from 94 per cent at 500, 2000, and 4000 Hertz to

97 per cent at 1000 Hertz.

If one considers all ears which showed moderate effusion

as well as the impacted ears, the probability of an absent

reflex is lessened, but remains high. The percentage of

absent reflexes in the significant effusion categories range

from 87 per cent at 500, 2000, and 4000 Hertz to 90 per cent

at 1000 Hertz.

TABLE X

REFLEX THRESHOLD AT 500 HERTZ AND
MIDDLE EAR EFFUSION

Reflex Insignificant Effusion Significant Effusion
Threshold
dBHL None Minimal Moderate Impacted

90 
3

95 4 1

100 3 6 1 0..

105 1 3..00

110 2 3 2 2

absent 8 3 4 30
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TABLE XI

REFLEX THRESHOLD AT 1000 HERTZ AND
MIDDLE EAR EFFUSION

Reflex Insignificant Effusion Significant Effusion
Threshold
dBHL None Minimal Moderate Impacted

85 3
90 3

95 3 2

100 3 3

105-- 5 ... I

110 2 2 2

absent 7 3 4 31

TABLE XII

REFLEX THRESHOLD AT 2000 HERTZ AND
MIDDLE EAR EFFUSION

Reflex Insignificant Effusion Significant Effusion
Threshold

dBHL None Minimal Moderate Impacted

80 1.......

85 
3

90 3

95 2 4
100 3 4.1

105 1 4 2 1

110 1 1 1

absent 7 2 4 30
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TABLE XIII

REFLEX THRESHOLD AT 4000 HERTZ AND
MIDDLE EAR EFFUSION

Reflex Insignificant Effusion Significant Effusion
Threshold

dBHL None Minimal Moderate Impacted

85 5 ... ...

90 3 1 ... ...

95 2 6 ... I

100 3 2 .. o ..f

105 0-0 3 2 1

110 1 2 1.so*

absent 7 2 4 30

In contrast, the percentage of absent reflexes in ears

with less than significant effusion is quite low, between

23 per cent and 30 per cent depending upon the test frequency

employed.

Acoustic Reflex Threshold and Condition Of
The Tympanic Membrane

No significant correlation was found between the

acoustic reflex threshold and the condition of the tympanic

membrane, regardless of test frequency. The relationship

between the reflex threshold level at 500 Hertz through

4000 Hertz and the condition of the tympanic membrane is

presented in Tables IV through XVII. The respective

correlation coefficients are presented in Table XVIII.
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TABLE XIV

REFLEX THRESHOLD AT 500 HERTZ AND CONDITION
OF THE TYMPANIC MEMBRANE

c **

XH H) d () ) to 4+'H 4

1oci 2 4 5 0

1H5 2 2*... .. d 3r

(1)mW HO H-i 0 H + $4'4,>+0 4J
P $4 Id P4 Z A4 -4 ()W z W rd

90 1 2 ... 1 2

95 3 1 1 4 3 2

100lo 4 2 4 1 5 4

105 2 2 .. .. 1 3

110 2 4 3 1 8

absent 1 0 16 19 4 8 33
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TABLE XV

REFLEX THRESHOLD AT 1000 HERTZ AND CONDITION
OF THE TYMPANIC MEMBRANE

H +'r 1 - '- 4-

X O H 0 0-I *0 *$ *,0r
g+ V~ )00g0 d00

E-1*-c-i *Hr- *d0
c0m (id 0 4->0 +4-" 4

0 Wd H 0 H $4 H+4-' $4 (00 mWrd

E-4 0 i H H H

85 1 2 ... ... 2 1

90 2 1 1 ... 3 1

95 2 2 1 1 ... 4

100 3 1 4 4 3

105 1 3 2 ... 1 5

110 2 2 2 ... 1 5

absent 11 16 17 4 8 33
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TABLE XVI

REFLEX THRESHOLD AT 2000
OF THE TYMPANIC

HERTZ AND CONDITION
MEMBRANE

H 0) 0 *d4)*4
Xro OH 0+ 0t H 0U2 oHic Pi4

H9 d + 4) 4 4

4)z4gT Z1 0 P4*-) HdC. Hd0 HOr
P 09 z 4) rz-IH Hz -i

80

85

90

95

100

105

110

2

I

5

1

1

1

11

1

1

2

1

2

4

0.

I

* *,

5

3

2

I

0*

2

2

2

3

2

1

1

2

3

5

6

3

absent

.. . -

16 16 4k 8 31



TABLE XVII

REFLEX THRESHOLD AT 4000
OF THE TYMPANIC

HERTZ AND CONDITION
MEMBRANE

9H 0-2 0 . .0 + ' H
09 c 2 3 g1 00

~4-40mH) PQ H iF i+1 'P 44 0 4-
(1) 4 f&P4 0 A4 41 0 W (10 (1Z 1d

P04 Z 40 oH d d (1

85 3 2 .. .. 23

90 1 2 1 .. 2 2

95 4 2 3 1 2 6

100 ... 2 3 ... 2 3

105 2 2 2 ... 3 3

110 1 1 2 ... *.. 4

absent 11 16 16 4 8 31

TABLE XVIII

CORRELATION COEFFICIENTS FOR REFLEX THRESHOLDS
AND CONDITION OF TYMPANIC MEMBRANE

Reflex Correlation
Threshold Coeffient

Plane Elasticity

500 Hertz r = 0.21 r = 0.15
1000 Hertz r = 0.14 r = 0.17
2000 Hertz r 0.18 r = 0.11
4000 Hertz r =-0.01 r =-0.01



45

Acoustic Reflex Threshold And
The Middle Ear Mucosa

Tables XIX through XXII illustrate the relationship

between the acoustic reflex threshold as a function of

frequency and the status of the middle ear mucosa. The

correlation coefficients at the respective test frequencies

are shown in Table XXIII. Small but significant correlations

were found at 1000 Hertz and 2000 Hertz, while the corre-

lation coefficients at 500 Hertz and 4000 Hertz failed to

reach significance.

TABLE XIX

REFLEX THRESHOLD AT 500 HERTZ AND MIDDLE EAR MUCOSA

Reflex
Threshold Mucosa Mucosa

dBHL Normal Edemic

90 2 1

95 4 1

100 8 1

105 3 1

110 7 2

absent 22 24
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TABLE XIX

REFLEX THRESHOLD AT 1000 HERTZ AND MIDDLE EAR MUCOSA

Reflex
Threshold Mucosa Mucosa

dBHL Normal Edemic

85 2

90 4

95 3 1

100 7 ..

105 4 2

110 5 1

absent 21 25

TABLE XX

REFLEX THRESHOLD AT 2000 HERTZ AND MIDDLE EAR MUCOSA

Reflex
Threshold Mucosa Mucosa

dBHL Normal Edemic

80 ... 1

85 3

90 4 ..

95 5

100 5 3

105 6 2

110 3

absent 20 24
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TABLE XXII

REFLEX THRESHOLD AT 4000 HERTZ AND MIDDLE EAR MUCOSA

Reflex
Threshold Mucosa Mucosa

dBHL Normal Edemic

85 4 1

90 4 0.0

95 6 2

100 4 1

105 4 2

110 4 ...

absent 20 24

TABLE XXIII

CORRELATION COEFFICIENTS FOR REFLEX THRESHOLD
AND MIDDLE EAR MUCOSA

Reflex Correlation
Threshold Coefficient

500 Hertz . . . . . . . . . . . . r = 0.27
1000 Hertz . . . . . . . . . . . . r = 0.32
2000 Hertz . . . . . . . . . . . . r = 0.31
4000 Hertz . . . . . . . . . . . . r = 0.28

In contrast to the findings presented for the amount

of effusion, the probability of the acoustic reflex being

absent (> 110 dBHL) when the middle ear mucosa was judged

edemic was slightly better than chance ranging from 52 per

cent at 500 Hertz to 54 per cent at 1000, 2000, and 4000 Hertz.
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Discussion

In serous otitis media, middle ear effusion is the most

influential factor in determining impedance test battery

results. Previous research in the use of impedance audio-

metry to detect serous otitis media has used the presence or

absence of effusion as the validating criterion for impedance

testing (Brooks, 1971; Bluestone, et. al., 1973; Beery, et. al.,

1975). Results of this study support that criterion. Of those

variables examined (middle ear effusion, tympanic membrane

plane and elasticity, middle ear mucosa), middle ear effusion

showed the highest correlation to impedance test results.

To a lesser extent, the condition of the middle ear

mucosa was also shown to be related to impedance results. In

Jerger's (1974b) description of impedance audiometry, static

compliance was defined as a measure of "the equivalent volume

or compliance of the middle ear." Edemic mucosa would reduce

the volume of air in the middle ear space. Evidence of a

significant correlation between static compliance and middle

ear mucosa lends statistical support to this definition.

The condition of the tympanic membrane (plane and

elasticity) was not found to be significantly related to

impedance test battery results. Failure to demonstrate a

significant relationship between the condition of the tympanic

membrane and impedance testing is consistent with previously

reported disagreement between results of otoscopic examination
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and impedance audiometry. Cooper, et. al. (1975) reported

75 per cent agreement between these two procedures. Only

58 to 66 per cent agreement was reported by Roeser, et. al.

(1977). The recently reported disagreement between these two

diagnostic tools occurs as a result of the subjectivity of

otoscopy and occurs most often in type C tympanograms with

significant negative middle ear air pressure (Roeser, et. al.,

1977). Thus, abnormal impedance results cannot be consistently

validated by the presence of an abnormal tympanic membrane

as visualized with the otoscope.

Since the influence of middle ear effusion on the

impedance battery was paramount, relationships between

various aspects of the battery and middle ear effusion will

be discussed separately below.

Tympanometry and Middle Ear Effusion

Correlational analysis supports previously suggested

relationships between tympanogram type and the presence or

absence of significant effusion (Orchik and Dunn, 1976;

Bluestone, et. al., 1973). Of the type A tympanograms,

89 per cent had insignificant effusion. Ninety per cent of

the type B tympanograms had significant effusion. Type C

tympanograms were evenly distributed, with 52 per cent showing

significant effusion and 48 per cent showing insignificant

effusion.

However, when type C tympanograms were further analyzed

as to the magnitude of negative pressure, the relationship was
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somewhat clarified. Although the sample was small, data

suggested that as negative pressure increased, the probability

of significant effusion also increased.

Static Compliance and Middle Ear Effusion

The lesser correlation between static compliance and

middle ear effusion supports the generally held contention

that when used alone, static compliance is the least useful

diagnostic tool of the entire impedance battery (Jerger, 1970).

It is interesting to note that the condition of the middle

ear mucosa showed one of the highest correlations with

static compliance. This suggests that in serous otitis media,

static compliance provides an estimate of the compliant

volume of air in the middle ear space.

Acoustic Reflex and Middle Ear Effusion

Strong correlations support the use of acoustic reflex

measurement in the identification of serous otitis media as

suggested by Brooks (1976). Although similar at all test

frequencies, 4000 Hertz demonstrated the smallest correlation.

This is in agreement with Jerger's (1972) suggestion that the

probability exists that a reflex at 4000 Hertz may not appear

even though objective evidence of abnormality cannot be shown.

Even though correlations for acoustic reflex measurement

and middle ear effusion were significant, approximately

25 to 30 per cent (eleven ears) failed to demonstrate an
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acoustic reflex in the absence of significant effusion.

Further analysis of these eleven ears indicates that six of

them had an impacted sound ear. This impaction could result

in an air-bone gap of sufficient magnitude to prevent the

generation of adequate sound pressure level to elicit an

acoustic reflex.

Impedance Battery and Middle Ear Effusion

From the preceding discussion, it appears that middle

ear effusion is the most influential factor upon impedance

test results. It also appears that tympanometry and acoustic

reflex measurement show the strongest correlation with the

presence or absence of significant middle ear effusion.

Furthermore, tympanometry and acoustic reflex measurement

appear to be of equivalent power in predicting the presence

or absence of significant effusion in serous otitis media.

The possibility of improving diagnostic efficiency by combining

these two components of the impedance battery was investi-

gated. Multiple correlations were obtained for various

combinations of tympanometry and acoustic reflex measure-

ment. They are reported in Table XXIV.

Combining tympanometry and acoustic reflex measurement

improves the correlation between the impedance battery and the

presence of middle ear effusion. Moreover, it appears that

the addition of a single reflex measurement at 500 or 1000
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Hertz provides as accurate a predictor of middle ear effusion

as measurement of reflexes at all test frequencies.

TABLE XXIV

MULTIPLE CORRELATIONS FOR TYMPANOMETRY
AND ACOUSTIC REFLEX MEASUREMENT

Impedance
Test

Tympanometry, Reflex 500 Hertz
Tympanometry, Reflex 1000 Hertz
Tympanometry, Reflex 2000 Hertz
Tympanometry, Reflex 500 and

1000Hertz . . ..0.0 * .
Tympanometry, Reflex 1000 and

2000 Hertz . . ..4.* . .
Tympanometry, Reflex 500 and

2000 Hertz . . ..#.# . .
Tympanometry, Reflex 500, 1000,

and 2000 Hertz .. . . . .
Reflex 500, 1000, and 2000 Hertz

I
.I .9

" . . 9 9 .

. 9 . . . .

. . . . . .

. . . 9 9 .

. . . .a .

Correlation
Coefficient

r = 0.762
r = 0.761
r = 0.753

r = 0.763

r 0.755

r = 0.760

r = 0.760
r 0.620

Past research using tympanometry alone has suggested

use of type A and C tympanograms as normal findings (Brooks,

1971). Use of this criterion in the current population

would have resulted in 10 per cent false negatives (four

ears). Further examination of these four ears, however,

reveals that all had absent reflexes at all test frequencies.

Use of present reflexes to establish normalcy as

recommended by Brooks (1976) would result in under-referral

in 12 per cent (five ears) in this population. Additional

analysis of these five ears reveals that all displayed type C

tympanograms with negative pressure greater than negative

150 millimeters of water.

.
.
.

.
.
.
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If failure criterion were defined as type B tympanograms,

type C2 or C tympanograms, or absent reflexes, in this

population all the children with significant amounts of middle

ear effusion would have been identified.

However, the problem of over-referral would have been

present, though significantly reduced from previous studies,

with 10 per cent of the total population being false positives

(seven ears). Roberts (1976) reported an over-referral rate

as determined by otoscopic examination of 34 per cent for

the impedance test battery.

Conclusions and Recommendations

The following conclusions seem warranted on the basis

of the present data.

1. In serous otitis media, significant middle ear effusion

is the most influential factor on the impedance test results.

2. Tympanometry and acoustic reflex measurement show

the highest correlations with presence or absence of

significant effusion.

3. The addition of acoustic reflex measurement to

tympanometry would improve the accuracy of a hearing screening

program for serous otitis media.

4. Reflex measurement at one test frequency (500 or

1000 Hertz) is as accurate a predictor of middle ear effusion

as reflex measurement at all test frequencies.

5. In impacted ears, the probability of reflex absence

is high (94 to 97 per cent).
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6. The probability is high (90 per cent) that a type B

tympanogram is indicative of significant middle ear effusion.

7. As negative pressure becomes greater than negative

150 millimeters of water, the probability of significant

effusion increases for the type C tympanogram.

Based upon the findings of this study, the following

recommendations are made for future research:

1. Investigation of a larger population of type C

tympanograms to clarify the relationship between impedance

results (amount of negative pressure and acoustic reflex

thresholds) and middle ear effusion.

2. Development of a more definitive scale to describe

the status of the middle ear mucosa and tympanic membrane in

an effort to determine what, if any, correlations exist

between these variables and impedance results.

3. Continued study to examine the correlations

established in this investigation in larger samples.



APPENDIX I

QUESTIONAIRE USED DURING SURGERY

Impedance Audiometry In SOM

Patient's Name:_

Pre-op Indication: Tubotympanitis
Glue Ear

Age:

Technique of Anesthesia:

Operative Findings:

1. Tympanic Membrane - Plane
1I- normal 2 - retracted

RIGHT LEFT

2. Tympanic Membrane - Elasticity
1 - increased 2 - normal

RIGHT _____LEFT

3. Effusion - Presence

3 - distended

3 - decreased

yes _no

yes _no

4. Effusion - Amount
1 - minimal

RIGHT

5. Middle Ear Mucosa
1 - normal

RIGHT

RIGHT

LEFT

2 - moderate

LEFT

2 - edemic

LEFT

3 - impacted
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