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INTRODUCTION

The development of equipment to measure the impedance of the

middle ear has taken many years before it was possible to use

electro-acoustic methods. This has made it practical to introduce

portable equipment which can be used under field conditions in the

community. Many studies in children have indicated the usefulness

of impedance measurements or tympanometry in the diagnosis of middle

ear conditions. A close correlation has been found between certain

types of impedance tympanometry results and the presence of serous

otitis media (SOM).

The pathology of SOM indicates that under conditions where the

ventilation of the middle ear is impaired changes can occur in the

epithelial lining which could lead to permanent presence of a serous

secretion and a glandular type of epithelium. The impaired ventilation

of the middle ear is usually associated with blockage of the

eustachian tube and the presence of infection in the post nasal space.

However, although bacteria may be present in the middle ear secretions

the continued secretion of serous fluid appears to be unrelated to

this. The later sequelae of unresolved SOM is subject to debate and

controversy, but it seems likely that some will continue to have

sclerotic changes in the middle ear and the tympanic membrane. There

is some evidence that the development of cholesteatoma may be

linked with continued middle ear pathology, especially the collapse

of the tympanic membrane against the middle ear wall, As a cause

of temporary and possibly permanent deafness in children the presence

of SOM is probably the most important factor from the age of three

years old onwards.
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The present research explores the use of impedance measurements

in populations of children and follows through the same population

of 1,000 children from before school entrance to about 12 months

after. The difficulties of eliminating false positive results and

reducing false negatives is described and the programme shows how

it would be possible to introduce impedance tympanometry in a

hearing conservation programme for children. The pilot study

shows that compared with otoscopy and "sweep testing" audiometry

there could be a better procedure introduced in the school health

programmes rather than present practices.

Some characteristics of those children found in the research to

have SOM are explored, particularly the relationship to the first

child in the family and previous ENT history, A study of the

subsequent operations carried out on the children found in the

research show that the diagnosis of SOM was confirmed in all cases

and one case of cholesteatoma was found.

A significant number of cases continued tq haye problems which

required further surgical intervention.

The researcher concludes that over the population of school

children it is possible to introduce impedance bridge measurements

in a hearing conservation programme, The present studyv of over

1,000 children following the pilot study shows that a properly phased

and staged programme should not overload existing facilities. The

conclusion is that there should now be a review of hearing conservation

programmes in children and the procedure of impedance tympanometry

should be introduced as a routine,
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CHAPTER 1

THE STUDY OF AUDITORY IMPEDANCE

Introduction

In order to appreciate the techniques applied in the present

study this chapter describes the meaning and measurement of

impedance as applied to function of the middle ear. The development

of techniques for this measurement has been a long and evolutionary

progress which required the emergence of electro-acoustic systems

in order to make the technique more accessible for widespread use,

especially as portability of the equipment is of concern to the

operators and clinicians alike.

Impedance Measurement

Impedance or opposition offered by a system to a flow of

energy as applied in audiometry concerns the study of electrical,

mechanical and acoustic systems. Resistance or impedance has been

known in electrical terms for many years, but as applied to the

hearing system, as described by Webster in 1919, the impedance for a

single given frequency is valuable in replacing all the quantities

usually described as involved in the reactions of the system by a

single number.

Impedance may be defined as the ratio of the force like quantity (force

voltage or sound pressure)to the velocity like quantities (velocity current

or volume velocity).

Input impedance of a given system is the total opposition

offered by the system to the flow of energy. A system offering a

high input impedance will have less energy flowing through the

system than that with a low input impedance.
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Clinical acoustic impedance measurements are classified as

either

(A) Static Measurements: These are made at the atmospheric air

pressure in the external auditory meatus with the middle ear muscles

in a state of normal tension."^ These impedance measurements are in

physical units and are described as absolute.

(B) Dynamic Measurements: The impedance at the surface of the

tympanic membrane (Ztm) changes when:
(i) The middle ear muscles contract.

(ii) The air pressure in the external auditory canal is higher or

lower than ambient pressure.

(iii) When the eustachian tube opens.

These changes are measured in absolute units. If corresponding data

from other patients or from subjects with normal ears is obtained,

comparison results can be obtained. However, when comparison is not necessary

calibration of the instrumentation may be simplified and the dynamic

changes are reported in relative terms. Measurements of dynamic

changes have been used to study the effects of:

(a) Air pressure on the middle ear system.

(b) Contractions of Tensortympani muscle.

(c) Contraction of Stapedius muscle.

(d) Opening of the Eustachian Tube.

(e) The threshold and adaptation of the acoustic reflex.
2

(f) The existence of an acoustic reflex.

In practice for the purpose of the survey, the dynamic

measurements are used, as in all cases a direct comparison is made

between different conditions of the tympanic membrane. The electro-

acoustic system for dynamic measurements is modified by the inclusion



- 5 -

of a pump which can change the air pressure in the external auditory

meatus from -400 mm to +200 mm of water and this is measured by

direct reading, provision being made to set the pump to Zero once in

the external auditory meatus, as alterations could occur when the

probe was inserted. Also for measurement of muscle reflex,

injection of various tones into an earphone in

the opposite ear can be made (contralateral reflex). It is also

possible to inject a tone into the same ear as that under test for

impedance (ipsiiateral reflex). An attenuator can be applied to the

reflex tone. An electro-acoustic instrument can be used in the

survey situation and by using a direct XY plotter or plotting the

results by hand, curves can be obtained for a variety of middle ear

conditions.

During routine testing the seal obtained between the probe and

the ear canal can be verified by observing the stability of the

manometer on increasing or decreasing the pressure in the meatus.

If the pressure is not sustained, then it is clear that a further

adjustment will be necessary to obtain an airtight seal. In

practice, in children, the elasticity of the external auditory

meatus ensures a seal.
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STATIC IMPEDANCE MEASUREMENTS

Most of the early work on acoustic impedance has been carried

out measuring the static impedance, i.e. the acoustic measurements

with atmospheric air pressure in the E.A.M. and the middle ear

muscles in a state of normal tonus. Zwislocki

considered that the difficulties arising from the anatomy of the ear

meant that theoretical precision of acoustic methods of measuring

static impedance were of secondary importance. There were three

difficulties associated with the measurement of (Static
tm

Impedance).^
1. Precise determination of the Z- the impedance of the air

trapped between the probe device and the tympanic membrane.

2. The distance of the probe device relative to the tympanic

membrane holding this constant.

3. Maintaining the hermetic seal between the device and the E.A.M.

Acoustic Systems:

The acoustic impedance bridge has been the most commonly used

equipment for the static measurement of Z . The first bridges were

devised by Schuster ^1934) and various workers up to 1939 constructed

Schuster type bridges for use in the measurement of Z . Metz^ began

work on investigation of various conditions and published the

results in 1946. From this time the first clinical applications of

impedance measurements occured.

THE METZ ACOUSTIC IMPEDANCE BRIDGE

This is a device which used the principle of the Wheatstone

Measuring Bridge in electricity and worked by comparing acoustic
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appliances. (Figure A).

The two resistances to be compared are fixed at 0 and B. 0 is

equal to the external auditory meatus and B is attached to a

measuring resistance. A is attached to the examiner's ears by means

of auscultation tubes. Sound is generated by the diaphragm at M and

the resistance at B is varied by means of the comparison resistance

until little or no sound is heard in the examiner's ears, because

the phase/anti-phase at the diaphragm is cancelled All the tubes

have to be completely airtight. The graduation of the comparison

resistance was complex and was one of the difficult problems which

delayed the widespread adaptation of the instrument. Metz described

the use of the instrument for measuring pathology in the middle ear

of an inflammatory nature as well as the measurement of the muscle

reflexes. Different frequencies were applied at the vibrating

diaphragm. Problems during the examination remained, particularly as

change in the volume of air could create difficulties in readings for

a long or short meatus. Measurements on normal ears were carried out

by Metz during the same day and he repeated the examinations on

different days. A considerable amount of work took place on the

reflexes of the intra-aural muscles, One of the most important

series was described in Section 7 of his monograph on pathological

ears and it was shown that the absorption curves for different

frequencies were very different between the pathological ear and the

normal contralateral ear as well as between pathological ears and

normal.

(See Figure B)

From this, Metz clearly showed that a static impedance bridge

could be used to detect pathological conditions in the middle ear.
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(See Figure C)

Although this technique could be used to diagnose accurately the

presence of middle ear disease, evaluation of the static did not1 tm

develop as a clinical test for the following reasons:

1. Measurements of Z were time consuming and additional time was

needed to calculate the basic data using the Metz bridge and

transform into standard notation.

2. The concepts, procedures and terminology were not familiar to

the audiologists and oto-laryngologists of the time.

3. Micro-surgery of the middle ear had not developed and the

importance of diagnoses of certain middle ear conditions, e.g.

oto-sclerosis was not appreciated.

4. The instrument was difficult to construct and maintain.

5. A commercial instrument was not available.

ZWISLOCKI ACOUSTIC BRIDGE

This is a Schuster type bridge based on similar principles to

that of Metz but has the advantages that it is extremely stable, has

a variable compensation cavity on the comparison side, is small,

portable, and each instrument is calibrated before use.

A development of the Metz/Schuster principal of an acoustic

bridge was proposed by Zwislocki in the late 1960's and directly

measures the effect of acoustic resistance and compliance at the ear

drum (Z ). A diagram of the speculum is enclosed (See Figure D).

Essentially, the bridge is almost identical with that of the Metz

bridge except for the impedance matching device. The balance of the

impedances obtained by the cancellation of both the negative and the

positive wave form degenerated at the transducer E. The resulting
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Mean value and standard deviation of the absorption for 10 ears with
conduction affections On account of inflammations and sequelae of such,

and for the contralateral normal ear

Normal ears pathological ears

X
a

a X
a

a t f
t equivalent
to 1#- level

384 24 ± 8# 11 ± 5# 3.9 14 3.0

512 35 ±10# 15 i+ 5.3 18 2.9

768 54 ±15# 19 ± 8# 6.1 16 2.9

1145 73 ±15# 24 ±13# 7.3 16 2,9

FIGURE C
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reflections in both tubes cancel each other out. The volume, V.l is

adjusted to measure the ear canal and this is determined by filling

the ear canal with alcohol with the help of a calibrated syringe. The

second volume, V.2 supplies the acoustic compliance which is matched

to the compliance at the ear drum. The measurement is carried out by

varying the volume V.2 and the resistance at R until the sound in tube

Y is minimised. When this has taken place, the compliance and

resistance can be read directly on the bridge dial. The improvement

over the Metz impedance bridge is the more sophisticated method of

reading the compliance and resistance directly.

Problems associated with its use are that each one has to be

held in the head of the patient, which means either an assistant has

to hold the instrument or this has to be fixed with a bracket. The

head has to be held still and for small children, this is difficult.

Secondly, the air volume of the external E.A.M. has to be determined

by the use of alcohol before the instrument can be used. This again

could present problems for use with children.

The results of Acoustic Measurements

Compliance and resistance values were measured by Zwislocki

for normal and otosclerotic ears as well as during attacks of
7

otitis mediawith severe retraction of the ear drum . The compliance

in the results is plotted in terms of an equivalent volume of air

(V.2) and the resistance in acoustic ohms. As Zwislocki pointed out

in his original work, at frequencies below 500 Hz. all the middle ear

components act as one unit, the motion being controlled by the

ossicular attachments and the membrane of the round window. Above

500 Hz. the mass of the ossicles comes into the resistance and over
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about 1000 Hz. the compliance tends to become infinite in a normal

ear. It is to be expected therefore, that in graphs showing the

normal ear the difference would be not so marked at the higher

frequencies and the most marked differences would be observed between

125 and 500 cycles. (See Figure E.)

In a later publication Zwislocki refers to the errors that can

be caused in use including an ill-fitting speculum. Later studies

were to discuss the resistance shown in certain other middle ear

conditions. (See Figures F and G.) Most of the early mechanisms

were concerned with the diagnosis of otosclerosis because of the

great interest shown in this by E.N.T. Surgeons and the developing
8

techniques in micro-surgery. Feldman gave the results of use in a

subject suffering from serous otitis media and showed the seriously

reduced compliance in this condition compared with otosclerosis.

(See Figure H.) Other conditions studied by these workers were

concerned with the acoustic reflex, especially in relation to

recovery from Bell's Palsy.
9

Discussion was already occurring on the relative use of the

Relative and Absolute Impedance Measurements. It was

recommended that Relative Impedance was much more versatile for

general clinical use and by this time electro-acoustic methods were

being devised for determining the relative impedance. These workers

refer to the greater ease in using relative measurements because of

the factors mentioned above and the co-operation needed in children.

Also pointed out was the subjective element in absolute measurements

of the judgement by the examiner of the point of weakest sound. The

same writers pointed out the inadequacy of otoscopic examinations

for the diagnosis of secretory otitis media and the ability to study
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Compliance component of the absolute impedance compared for normal and
pathological ears at 125 cps through 1000 cps. All values are medians
except those for serous otitis media which represent an individual case

Compliance expressed in cc of equivalent
volume of air

•

125 cps 250 cps 500 cps 750 cps 1000 cps

Otosclerosis

Gerous otitis media*)

•30 .50 .55 .55 .65

.14 .14 .10 .16 .26

NORMAL .60 .60 .80 1.05 1.55

*■) represents single subject

Resistance component of the absolute impedanoe expressed In arbitrary
unitB for normal and pathological ears at 125 ops through 1000 cps. All
values are medians except for aerous otitis media which represents an

individual oass

Resistance expressed in arbitrary units

125 ops 250 ops 500 ops . 750 ops 1000 ops

Otosclerosis

Serous otitis media*)

2000 1000 800 . ' . 400 550

10000 9000 1200 700 500

NORMAL 1000 800 500 400 400

*) represents single subjeot

FIGURE H
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impedance changes as a function of middle ear/external meatus pressure

is described as an outstanding feature of the relative impedance

method, especially in young children.

Zwislocki referred to the estimates of the state of the middle

ear and referred to the use mainly in the diagnosis of otosclerosis.

It would appear that the difference in emphasis between the two

workers was due mainly to the use of various instruments as screening

or as a clinical diagnostic tool and it is clear that already a move

was taking place away from the clinician's use of the Zwislocki

Acoustic Bridge to the screening uses of relative impedance meters.

Other workers^* refer to the use of the Zwislocki type bridge and the

freedom from subject co-operation, apart from that of tolerance of the

instrument. Others^* yet again refer to the difficulties of measurement

of the volume of the external auditory meatus and the effects of over-

estimation and under-estimation of the volume. A total error

in the measurements of plus or minus 0.1 ml, is easily made and an

over-estimation of this size could displace the impedance readings

to the upper limits of normal. Under-estimation has little effect.

In general, it could be seen that the Zwislocki bridge was an

important clinical application of previous developments and continues

to be used in some clinical settings. The disadvantages of it in the

testing of children, as a screening tool, have been described.

Further developments in the electro-acoustic field were needed

before it was possible to develop screening in the school child and

portable equipment for this purpose Field calibration of the Zwislocki

acoustic bridge is difficult because calibration standard and

procedure are not provided with each instrument. In general, although

the static acoustic bridge is useful in the clinical situation, as a
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general screening instrument for children it has limitations not

overcome until more recently when impedance meters using relative

pressures and the electro-acoustic principle have become available.

Electro-Acoustic Systems in the Measurement of the Impedance
of the Auditory System

A carrier or probe signal of pure tone is delivered to the

input terminals of a magnetic hearing aid earphone. The resistance

of the earphone can be measured and the input impedance of the ear¬

phone is related directly to the load that exists at the acoustic

output. (See Figure I .) The coupling tube of the transducer in the

diagram is in contact with air in the external auditory meatus and the

shading represents the system that is related to the air that is

trapped between the diaphragm and the tympanic membranes. If the

volume is short and with a small signal, the low frequency signal of

275, it is not considered necessary to consider the incident and

reflected waves separately, The impedance of the transducer

(represented by the symbol Z) is a value with a complex number of

unit ohms. The resistance of the acoustic system (Z^) is the
opposition encountered by the acoustic wave. This is referred to as

acoustic ohms. It is conventional to measure this at the point in

the external auditory meatus (E.A.M.) where the coupling tube

terminates. More accurately, the acoustic impedance (Z&) = the acoustic
impedancecf the surface of the tympanic membrane (Z^) + the acoustic
impedance of the volume of air (Z^J , In practice, as Z^ is
approximately constant for all measurements, then this is usually

ignored in the results.

The wave front originating from the transducer reaches the

tympanic membrane and the acoustic energy is:
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1. Used to set the membrane in motion.

2. Absorbed at the membrane.

3. Reflected back towards the source.

The energy reflected back towards the source depends upon the

resistance or mechanical impedance (Z^) of the middle ear system. A
microphone tube (See Figure I ) samples the sound pressure and the

output from the microphone is measured by voltmeter and phasemeter.

It is then possible to calibrate the voltmeter to read the acoustic

impedance (Z ) in acoustic ohms and the phase angle of Z relative to3 3

the phase of the original signal. This kind of system has been

described by various authors and does not require a comparison circuit
12

piece as in the original Metz system . Later modifications have

included a constant volume velocity generator as the source of

energy which ensures that the flow of air particles will remain

constant regardless of the acoustic load (Z&) .

The external auditory meatus usually contains varying amounts of

cerumen epitheleum dust and debris. Changes in the amount of these

substances, together with changes in the volume of air may affect

certain readings. Unless there is total occlusion however of the

E.A.M. by blocking wax, in practice, it is found for screening

purposes that this can be ignored. However, the interaction of the

compliance resistance and mass within the middle ear constitutes the

mechanical impedance (Z^) at the lateral surface of the membrane.

Electro-Acoustic Methods of Measuring Impedance
13 -14

A method described by Terkildsen and Thomsen essentially

meant that the electro-acoustic impedance bridge described by these

workers is based on the Metz principle but consists of two identical
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micro-telephones which are connected by narrow tubes to the external

auditory meatus. They are built together in a single ear insert

which is sealed into the ear. One telephone produced 220 cycles per

second Test Tone at a constant intensity. The sound level obtained

depends exclusively on the impedance of the space of the external

auditory meatus, which is varied by the impedance of the tympanic

membrane closing one end of the meatus. The other micro-telephone is

used as a sound probe which is counter-balanced to a zero state by

means of current from the 220 cycles per second sound generator

passing through units for phase and amplitude control. The degree of

counterbalancing obtained is read on a volt-meter which may be pT&-

ceeded by a selective amplifier. Calibration can be done with

cavities of varying size, the latest variation of which includes

connection of the cavity to a pressure pump which varies the pressure

in the tympanic membrane.

In the previous discussion ^ it has been shown that by varying

the pressure in the external auditory meatus, valuable information

can be obtained about the state of the middle ear, Water pressures

ranging from +30 cms. to -30 cms. were used. The electro-acoustic

impedance meter is a zero level indicator and variations of the

impedance will be registered by the voltmeter as deviations in one

direction starting from the zero level. Stationary* pressures have to

be established in order to check absolute values at the desired

levels and ordinary measurements were performed by repeated zero

balancing. A standard procedure was adopted by establishing a

positive pressure of +30 cms. and the bridge balanced to zero. The

pressure was then allowed to fall to a desired negative value and the

curves registered on a two-channel graph. One channel indicated the
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voltmeter deviations whilst the other marked pressure levels. In

normal ears, a pattern is obtained with almost symmetrical rise and

fall, the maximum level of low impedance being obtained at the

atmospheric pressure. Other calibrations were carried out on fresh

human temporal bones (See Figure J).

Two volumes are involved, the external auditory meatus and the

middle ear space. Between these two separate cavities or volumes a

tympanic membrane is interposed. When the tympanic membrane is under

tension, the impedance volume is dominated by the volume of the

external auditory meatus. Decreasing the tension of the tympanic

membrane, the influence of the middle ear space gradually increases

attaining the maximum under conditions where the pressure in both

bases are identical. A series of curves can be obtained with patients

which overlap.

Thickening of the ear drum and scarring can be mutually comple¬

mentary as a thickened ear drum tends to cause flattening of the

curve, whereas an atrophic scarred drum may show an increased peak

in the curve. A combination of both present in the same drum tends

to cancel each other out. Tubal occlusion was examined by Thomsen.

These curves were almost completely flat. This follows earlier work

by Thomsen"^ using the Metz type instrument when the early work

confirmed that it was possible to measure changes in the middle ear

without detailed examination of the tympanic membrane.

Other workers were concerned to measure and compare the results

obtained between the Zwislocki acoustic bridge and the commercially

available bridge based on Thomsen's principles (Madsen Electro-

Impedance Bridge). It was pointed out that the two measurement

systems involved are quite different and the type and form of data
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obtained with each differ . These workers tested forty-two ears

using both the acoustic reflex and impedance and compliance

measurements. It was necessary only to use the Zwislocki bridge at

220 Hz. for these measurements. (See Figure K.)

From this it may be noted that the standard deviation and

standard error were smaller with the Zwislocki bridge, that this

could be accounted for by the slightly skewed distribution of

scores obtained with the compliance measure of the Zwislocki

instrument. The correlation between the Madson instrument and

Zwislocki was also described. (See Figure K.)

From this, at the frequency of 220 Hz., it is clear that there

is a considerable degree of correlation between the two types of
18

instrument. Later workers describe the use of the Madson type

instrument in:

(a) Tympanometry

(b) Middle ear impedance measurements

(c) Stapedial reflex estimations

These authors came to the conclusion that clinically the use of the

instrument for the measurement of middle ear pressure in the presence

of intact tympanic membrane was most useful in the diagnosis of

serous otitis media. The pressure measurements were easy to perform

in young children and seventy-one diagnosed patients were tested.

Retest correlations and applications using both the Zwislocki and

Madson bridge have indicated the high degree of reliability of the

system*^ and have confirmed the value of dynamic measurements using

the electro-acoustic principle for tympanometry.
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Acoustic Impedance. Comparison of results obtained with the Madsen
and Zwislocki bridges at 220 Hz

1
Impedance (Acoustic Ohms)

Mean 5.D. S.E. Pearson r

Madsen 1,650 736-7 115.4

Zwislocki 1,812 677.6 105.8 .81

(N«40)

FIGURE K
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CHAPTER 2

PATHOLOGY OF SEROUS OTITIS MEDIA

The middle ear and mastoid air cells form a closed^ ventilated

cleft. As has been described before, the patency of the communication

between the cleft and the naso-pharynx is an essential part of

keeping the pressure equalised in the middle ear. In terms of non¬

purulent otitis media the patency of the tube is the most important

single factor in aetiology. However, the link between naso-pharyngeal

infections and the middle ear will be discussed later.

The time sequence over which changes will occur in the middle

ear cleft can form but a snapshot in time. An important aspect of

the changes is the effect on the mucosal lining of the middle ear.

Reduction in pressure in the middle ear creates a condition in which

changes can occur in the lining, some of which may become permanent.

Initial Stage

When the mucous membrane responds to irritation, the result is a

transformation or metaplasia of the mucosa from simple, non-ciliated

cuboidal cells into a secreting membrane. In the region of the

Eustachian tube there are simple columna or ciliated columna cells.

As vessel dilation and proliferation hyper-plasia takes place in the

epithelium differentiation of cells into goblet and ciliated forms

occurs. The structure of the epithelium in the middle ear varies

according to the position, but the density of goblet cells is small.

During this initial phase, the goblet cells are greatly increased

anteriorly in the middle ear and the epithelium becomes thick and

hyper-plastic. In the posterior part of the cavity flat epithelium

is transformed into a pseudo-stratified form, the epithelium becoming
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two or three cells thick and the density of goblet cells is

multiplied* .

Formation of Glands

Serial sections of temporal bones have revealed details of the
3-4

processes involved . Mucus accumulates in the inter-cellular

spaces which is forced to the surface creating the initial stages of

a lumen and the forerunner of a secreting gland. The secretory

epithelium increases and this is similar to glands found elsewhere

in the respiratory tract. The process starts from below rather than

an invagination from the cavity. Effusion occurs and mucus

production is greatly increased as the number of goblet cells and

glands form*'.

Secretory Stage

Tos, in studying 84 children with secretory otitis showed a

density of 7.1 glands per mm^ °. The density of the glands shows an
enormous increase which results in considerable volume of secretion

from the mucosa.

2
Normal Children - Goblet cell density = 175 cells per mm

Children with - Median density = 8,000 goblet cells
Secretory Otitis per mm2

This change in density has been compared with that seen in the trachea

in mild chronic bronchitis. The glands do not persist in most cases

and in one study of a six-month old child 60% of the glands

formed were already degenerative and inactive.

Resorption of Secretion

The middle ear mucous membrane has the ability to absorb the

effusion. The watery component would be absorbed first which leaves



- 33 -

a mixture of exudate and mucus which becomes viscous and glue-like.

In the middle ear impacted with effusion there will not be a marked

negative pressure. However in continued exudation with resorption

the result would be an increase in glue-like effusion. In some

cases this effusion becomes a cohesive lump of mucus.

Degenerative Stages

The glands in the middle ear degenerate as described above and

in biopsies from 48 patients who earlier in life had suffered from

secretory otitis media only 11% of all glands were found to be
7

active . If the degenerative process continues there is a good

prospect for recovery and normalisation of the middle ear

epithelium can occur although it is often slow. Exfoliation of the

metaplastic cells will occur leaving the generation of normal basal

cells.

Stagnation of Mucus

This will probably occur in:

(a) Poor conditions of growth for the glands, e.g. in a very-

thin mucosa.

(b) Reduced cilia activity.

(c) Obstruction of the duct as a result of fibrous tissue

growth.

(d) Increased viscosity of the mucus.

(e) Disappearance of ciliated cells - this seems to be the most

probable according to Tos.

Sequelae Changes

Adhesions may be formed in the middle ear but in most cases

changes occur in the tympanic membrane. Atrophy and tympano-sclerosis
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may occur according to Figure A below:

Figure A #

CHANGES OF PARS TENSA THREE TO EIGHT YEARS
AFTER TREATMENT OF SECRETORY OTITIS MEDIA

(527 EARS)

Condition "o

Atrophy only

Atrophy and pexis
Atrophy and adhesive otitis

Atrophy and tympanosclerosis

Tympanosclerosis only
Total

21.3

54. 9

18.8

9.1

2.5

3.2

Atrophy is probably associated with a permanent negative pressure

and retraction of the drum which results in the loss of elasticity.

The prognosis of these changes is poor and middle ear disease may

be the result in adults. Tympano-sclerosis is an irreversible

degeneration of the fibrous part of the drum. This occurs

predominantly in the degeneration stage and becomes evident one to

two years after the absorption of secretion. In the table above this

was evident in 27% of the ears.

Micro-biology

It might be expected that the serous otitis media described

above would by and large be sterile. However, as the link in the

early stages of Eustachian tube blockage is associated commonly with

infection in the post-nasal space, then it might be expected that

some bacteriological problems may occur. A frank infective otitis

media is commonly associated with streptococcus pneumoniaeas shown

in Figure B overleaf.
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Figure B

BACTERIAL PATHOGENS ISOLATED FROM
MIDDLE EAR FLUIDS OF CHILDREN

WITH ACUTE OTITIS MEDIA*

% of Children

Microorganism with Pathogen

S, pneumoniae 35
H. influenzae 20

Streptococcus, group A 8
B. catarrhalis 3

S. aureus 2

Gram-negative enteric bacilli 1

Mixed 2

None or nonpathogens 29

*Reports from centres in the United
States, Finland and Sweden, 1965-1975,
including 3583 children.

Haemophilus influenzae is commonly found up to about the age of

ten years. Anaerobic bacteria have also been isolated as

have certain types of virus shown in Figure C below:

Figure C

ISOLATION OF VIRUSES IN 663 PATIENTS
WITH OTITIS MEDIA*

Virus No. Pt.

Respiratory syncytial virus 22

Influenza viruses 4

Coxsackievirus B4 1

Adenovirus 3 1

Parainfluenza 2 1

Totals 29#

No growth 634

*622 patients had acute, 41 had chronic
otitis media.

#4.4%

QtUwujK Max, batfoctlccjj &ncl i/iAoloyy of cmk, otxtu, AMtduv cm xoeit (fou bacteuoiocjtj
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The role of the bacteria in the genesis of chronic middle ear

disease remains uncertain. However, there is some evidence that

42% of patients with chronic otitis media may have anaerobic
3

bacteria in the persistent effusion in the middle ear .

9
Teele and Healy however concluded that in a sample of thirty

children with persistent effusion, anaerobic infection was not

identified. The children were entirely below the age of 60 months

although both investigators reported difficulties in the procedures

used to sterilize the tympanic membrane prior to paracentesis.

It may be concluded from the above studies that secretory

otitis media is a reversible condition providing that treatment

occurs before atrophy and tympanosclerosis occurs.

Long Term Results

On reviewing the literature there appears to be some difficulty

in definitions due to the varying ways in which this condition is

described. It is common on the other side of the Atlantic to call

this condition serous otitis media and to regard "glue ears" as an

extension or late stage of the serous effusion. However, in this

Country the term exudative otitis media has been used and this appears

to be synonomous with serous otitis media so far described.

Serous otitis media can result in the following according

to Harrison1^:

1. Resolution with normal or near normal hearing.

2. Resolution with conductive deafness of varying degree

(adhesive otitis media).

3. Chronic supperative otitis media with or without cholesteatoma.

As can be seen from the above discussion on pathology, the number

of cases which resolve spontaneously without intervention is large.
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Harrison has referred to the fact, that many cases in clinical

practice may not be noted and a search may only be made because the

child is referred for an ENT opinion for reasons not connected with

symptoms suggestive of middle ear disorder. The parent or

teacher may have noticed fluctuating deafness, usually with a cold,

and a history of deafness may be elicited as a significant finding

as described in the pilot and substantive study later.

Clinical examination has been found to be of varying use in

diagnosis of the condition and it seems likely from the results of

the present survey that a significant number of cases may be missed

by clinical examination alone. A common finding however in

established cases is that the mobility of the tympanic membrane is

reduced, mobility being tested by use of Siegel's Speculum, and

sometimes fluid can be seen beyond the tympanic membrane, neither

of these findings always coincides with results using

electro-acoustic impedance measurements.

Politzer^ over 100 years ago described a thinning, collapsed

tympanic membrane , often described as gossamer-like

lying against the medial wall in the middle ear. However, before

this stage an injected tympanic membrane may be seen which has a

yellowish hue, but it is our experience that many in a population of

school children are likely to have injected and somewhat opaque,

yellowish tympanic membrane on examination and the value of this sign

is limited by being a widespread condition, especially at certain

times of the year. Examination of the tympanic membrane using the

microscope can be of considerable advantage in the ENT clinic if the

co-operation of the patient is obtained. However, final diagnosis

cannot be made until myringotomy is performed and the presence of the
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serous effusion is ascertained.

12
Tumarkin described chronic suppurative otitis media as being

the natural consequence of unresolved serous otitis media and other

workers have described the collapsed membrane as being a fore-runner

of cholesteatoma. In adhesive otitis media, as described by
13

Harrison , the tympanic membrane showed relics of previous

inflammation with atrophic changes and some degree of permanent

collapse. Even with these changes hearing can often appear normal.

Tumarkin, in the study referred to above, considers that

unresolved serous otitis media can lead to changes in the membrane

lining the middle ear and the establishment of pre-epidermosis and a

tendency for basal cells formed as a consequence to proliferate invasively

inwards. However, Harrison on reviewing his own experience and that

of Bezold and Wittmaach, considers that the collapse of the tympanic

membrane is the fore-runner of the deep, blind sac described by those

workers. This forms a dry, adherent crust which produces irritation

and destruction of the epithelium resulting in ulceration. Granulation

develops and eventually destruction of the soft tissues of the

tympanic membrane takes place which enables the squamous

epithelium to pass inwards into the tympanic cavity with the

formation of cholesteatoma.

Studies of the sequelae of serous otitis media are still at the

stage when there is considerable variation in the opinion expressed

as to the importance of treating cases vigorously. It would appear

however that by re-ventilating the middle ear to compensate for the

non-ventilation by the normal eustachian tube mechanism, many cases

can be reversed and it is usually recommenced that the grommet

inserted for ventilation should remain in situ for at least six months.
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NATURAL HISTORY OF SEROUS OTITIS MEDIA

Introduction

It is usually postulated that an exudate forms in the middle ear

following occlusion of the eustachian tube. The obstructed eustachian

interferes with the normal equalization mechanism whereby the pressure

of the middle ear equalizes with that of the atmosphere. Obstruction

of the eustachian tube may be due to the presence of infection in the

post-nasal space or mechanical factors such as the presence of

enlarged adenoids. The eustachian tube is shorter and more

horizontal in direction in children than in adults and this may be an

additional factor which interferes with the normal drainage mechanism.

As the partial pressure of oxygen in the air of the middle ear

is higher than that in the blood vessels lining the mucosa there is

a loss of oxygen from the middle ear into the blood resulting in

lowering of pressure within the cavity. Usually the act of

swallowing opens the eustachian tube allowing the air from the naso¬

pharynx to enter the middle ear. However, if the tube is blocked

a negative pressure persists and changes occur which result in
14

mucosal swelling and the formation of secretions

Eustachian Function

It has been found that the ability to equilibrate applied

over and under pressures in the middle ear by deglutition or

jaw movements is significantly poorer in children

than in adults. This result has been found to be more severe in

younger children than the older and it indicates the vulnerability

of younger children to middle ear problems.

A possible explanation for the poorer muscle opening might be the
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differences in tubal anatomy between children and adults as shown

by Holborow The middle ear pressures recorded are lower

in children than in adults and in a series described by Bylander

it appears that children were less able to correct inactive middle
17

ear pressures than adults

The opening of the eustachian tube associated with the tensor

veli palatini and levator veli palatini muscles have been examined

and the results suggest that the muscles concerned dilate different

parts of the tube. The levator stimulation produces dilation of

the pharyngeal orifice but no tubal opening. The tensor muscle

however produces opening of the tube as a whole by outward

displacement of the lateral wall of the tube. It appears then that

the tensor muscle almost entirely opens the cartilaginous part of the

tube whereas the distal end of the tube increases in diameter by the
18

action of the levator

Various studies have indicated that there are variations in

middle ear pressure, not only from day to day but also by season and

that a reduction in pressure as measured by tympanometry can continue

for some time and occur in as many as 25-55% of children during the

course of a year. Negative middle ear pressures however do not

always associate with conductive hearing losses and this has

implications for use of the measurement of middle ear pressure as a

19
screening mechanism . Clinical studies in humans have shown

functional obstruction of the eustachian tube to be the primary
20 ~ 21

causal effect of pathogenesis of otitis media with effusion '.

Retraction of the tympanic membrane as a result of reduced middle

ear pressure is a common clinical finding. There is some dispute as

to whether the reduction of middle ear pressure or shrinkage of
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middle ear adhesions causes long term retractions, However there

appears to be a consensus of opinion that short term reductions in

pressure, i.e. of less than two years, are probably mostly

associated with a retraction and only in long term retraction of the

middle ear is there a question of adhesions being present.

Gas Absorption in the Middle Ear

The middle ear mucosa, the tympanic membrane and the round

window are the possible sites of gas exchange in the middle ear. The

tympanic membrane is a considerable diffusion barrier and exchange of
22

gas through the membrane is negligible , Studies, however show

that the gas exchange with the perilymph through the round window

can occur in experimental animals. A middle ear partial pressure of

775 mm H^O is the equilibrium point with the perilymphatic oxygen
tension. The usual oxygen partial pressure in the normal middle ear

23 24 25
is reported to be about$85-mm H2O by various investigators ' '

Non ventilation of the middle ear would result in the

equilibration of the middle ear partial pressures by perilymphatic

oxygen exchange and a resulting/09mm H^O deficiency in the middle
ear pressure. Equalisation however with mucosal blood tissue

503-557
oxygen tension, usually mm H^O, would create a negative

26
pressure of Studies by Cantiken indicating a maximum under

pressure of 97 mm H^O suggest that gas exchange elsewhere is possible
and this can only mean that diffusion through the round window occurs.

On impairment of the function of the eustachian tube when intermittent

openings of the tube occur at intervals longer than normal, a time

sequence develops in which the middle ear gases from almost being

in equilibrium with the mucosal blood tissue partial pressures, pass
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through a phase where a slight negative pressure continues

until the tube opens and a bolus of air passes into the middle ear.

This is slightly larger than the normal bolus. As a result the

equilibrium partial pressures of the middle ear and during the next

time phase, while the Eustachian tube remains closed, the gas

absorption rate is faster and a larger negative pressure develops in

a shorter time span. On the re-opening of the tube the gas absorption

rate is again accelerated and the time span shortened yet again. This

could proceed to the stage where the negative pressure in the middle

ear is high enough to temporarily block the Eustachian tube

resulting in no further ventilation of the middle ear.

Figure D

EFFECT OF INITIAL GAS COMPOSITION ON
THE MIDDLE EAR PRESSURE*

Middle Ear Pressure (mm ^0)Physiological After Air After Oxygen
Time Gas Composition Politzerization Politzerisation

(min) (N = 21) (N = 6) (N = 6)

10 10 + 57 -71 + 33 -227 + 129

20 21 + 65 -136 + 30 -407
+

182

30 15 + 75 -182 + 47 -541 + 170

60 1 + 68 -274 + 72 -728 + 177

90 -42 + 70 -336 + 56 -745 + 151

120 -60 + 72 -369 + 35 -646 + 196

150 -58 + 78 -393 + 50 -591 + 187

180 -55 + 83 -402 + 73 -622 + 158

210 -59 + 78 -408 + 71 -610 + 159

240 -59 + 77 - -626 + 170

*Mean and standard deviations are :shown where air and oxygen
data are normalized with respect to positive pressure after
politzerization.

tu'tM avi cuui xo'Ub coajj&n, dtkou^k
AVClo COmh Uwr-ouytvUj, total imfrioL /COClo /Aob dud Uw
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tl\JL dwaCiUayv cC the AloxdXi ottculuoL,
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It can thus be seen that during long periods when the eustachian tube

is not open the result is one of decreasing middle ear pressure which

intermittent openings cannot relieve and in fact exacerbate the

problem.

Conclusions

27
Since Politzer described otosalpingitis catarrhalis in 1873,

discussion about the sequelae of the condition which we now call

serous otitis media has interested clinicians and pathologists for

many years. It would appear to be a reversible condition if

treated early, but a majority of clinicians refer to unresolved

serous otitis media as leading to atrophy and tympanosclerosis

together with the possibility as described by Harrison that the

collapsed tympanic membrane can result in cholesteatoma formation.

It would appear from these conclusions that the child before and at

school entrance could develop complications as a result of non

detection of unresolved serous otitis media. An equally important

point is that the attacks of intermittent deafness, or undetected

long term deafness, result in educational problems for the child

as well as communication difficulties with his peers and family.

Studies have continued as to the educational effect of intermittent

deafness, especially on language development and cognitive
28 29

development. Menyuk and Horowitz have suggested that more

research is needed as to the effect of intermittent deafness in the

envelopment of communication skills.
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CHAPTER 3

THE STUDY OF AUDITORY IMPEDANCE IN CHILDREN

Since the availability of portable equipment enabled the

examination of patients outside the specialist clinic, there have

been many studies associated with the use of tympanometry to identify

middle ear disorders. Difficulties have inevitably followed because

the use of impedance measurements as a screening aid requires

different criteria from its use as a diagnostic tool. The presence of

middle ear pathology in association with abnormal tympanometry has

been studied both in Denmark and the United States and the usual

method has been to conduct myringotomy immediately fol lowing measure¬

ments using tympanometry. Two studies in particular have shown the

high degree of correlation between an abnormal tympanogram and the

presence of middle ear fluid. Using the portable equipment based on

the electro-acoustic principles described above, the usual

procedure after inserting the probe in the ear is to ensure that the

pressure in the external auditory meatus is at current atmospheric

pressure. This is done through the equipment using a valve. The

pressure in the external auditory meatus is then increased up to

+250 mm H^O and then is progressively reduced down to -400 mm H^O.
The conductivity of the middle ear is measured by the amount of

sound transmitted and in the normal ear is at the maximum at the

current atmospheric pressure. Figure A overleaf is a typical

result. The compliance is measured using the formula described by

Brooks^. Under conditions where the middle ear pressure is reduced

in for example eustachian occlusion, the maximum compliance will be

at a minus -pressure and the following Figure B gives a typical result.
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Finally, under conditions in which fluid is present in the

middle ear then the curve is flattened and the transmission of sound

is uniform throughout the range of change of pressure and as

illustrated in Figure C.(over).

Tympanogram Type A = Normal Curve

Tympanogram Type Ag = A flattened curve, but normal
pressure peak.

Tympanogram Type C = A reduced middle ear pressure

Tympanogram Type Cg = A reduced middle ear pressure
with flattened curve.

Tympanogram Type B = Totally flattened curve, usually
indicating the presence of
middle ear effusion.

It has become conventional to describe tympanograms by type

letters and these are given in Figure C overleaf. Various workers

have carried out myringotomy following tympanometry and the results

of their study show a high degree of correlation between the

presence of middle ear fluid and the flattened curve of tympanogram

type B, Figure D shows the relationship as described by Orchik,

Punn i and McNutt.

Figure D

Relationship Between Tympanogram Type
and Presence of Effusion

Rate of Effusion, No.
-A.

of Ears

Tympanogram
Type

r 1

None Minimal Moderate Impaction Total

A and A
s

11 15 6 9 41

c 4 12 10 4 30

c
s

5 5 2 7 19

B 0 6 7 39 52

Total 20 38 25 59 142
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FREYSS, V.E. et al,
Acoustic Reflex as a Predictor of Middle Ear Effusion,
The Annals of Otology, Rhinology & Laryngology,
Supplement 68 - Vol. 89, May-June 1980, No. 3, Part 2,
Page, 196-199.

FIGURE C
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Other studies have confirmed the predictive value of the type

B tympanogram. However there still remains the problem of negative

middle ear pressure without effusion. The studies of acoustic

reflex which can be carried out during tympanometry have been
2 8 3

described by Brooks who has previously indicated that this could

be used as a screening test for the presence of middle ear fluid.

However, there appears to be sane dispute as to the value of this
4

used as the sole screening test and in the study by Freyss et al

a detailed survey was carried out using both the acoustic reflex

threshold and tympanometry followed by myringotomy as a predictive

test for the presence of middle ear fluid. In their study of fifty

children, when impedance measurements were performed just before

myringotomy without anaesthesia, in children of average age about 4.6 years

the sensitivity and specificity of the acoustic reflex threshold was

found to be high as shown in Figure E overleaf. Compared with

tympanometric peak pressure which proved to have a low sensitivity

but high specificity, the reflex threshold in this study appeared to

be better than tympanometric peak pressure. However, as sensitivity

is the measure of pathological results identified and specificity is

the ability of a test to find this with normal hearing, a test that

has high specificity but low sensitivity produces few false positives

but many false negatives. The Youden Index referred to^ is given as

Y = (SE + SP - 1). The nearer the test index approaches 1 the more

efficient the test is. Other studies have compared clinical

examination with tympanometry and this is referred to in the results

obtained in the pilot study described later.
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COMPARISON BETWEEN ACOUSTIC REFLEX THRESHOLD #
AND MYRINGOTOMY FINDINGS IN 99 EARS

Reflex

Diagnostic Threshold Findings at Myringotoniy
Prediction (dB at 1000 Hz) Effusion Dry

Effusion >115 dB 57 4

Dry <115 dB 19 19

Total 76 23

The decision factor: Acoustic reflex threshold, was fixed at 115 dB
at 1000 Hz.

Sensitivity: 57/76 = 75%: Specificity: 19/23 = 83%: Youden index:
0.58.

Youden Index =[(Sensitivity + Specificity)- 1]
is a measure of the efficiency of a screening test.

0 = low efficiency 1 = high efficiency

COMPARISON BETWEEN TYMPANOMETRIC
PEAK PRESSURE AND MYRINGOTOMY FINDINGS

IN 99 EARS

Diagnostic Peak Pressure Findings at Myringotomy
Prediction (rmf^O) Effusion Dry

Effusion ^ -100

Dry > -100

Total

40 4

36 19

76 23

Hie decision factor: Peak pressure, was fixed at -100 mn H2O.

Sensitivity: 40/76 = 53%; Specificity: 19/23 = 83%; Youden index:
0.36.

MOURE E

Tkt ujUx tlwiskoLcL 14 kue sko^n LoUk peak pie&Hiie,
com^puoaaglj g-uxduLul QaaxL auy-iw^otouup juajdjuacjd, See jyxjji 63jcyi cUscuSJco/h-
ojL Level at u)kick lelUx UvesUotd and.jiaclienl la and -teicdcoa to sensdulitij
cxaxL spex.LCultux
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FIGURE E Cont.

OQMPARISCN BETWEEN MAXIMUM COMPLIANCE
AND MYRINGOTOMY FINDINGS

IN 99 EARS

Maximum

Diagnostic Compliance Findings at Myringotomy
Prediction (Madsen Units) Effusion Dry

Effusion ^4 39 5

Dry >4 37 18

Total 76 23

Hie decision factor: Maximum compliance, at 4 Madsen units.

Sensitivity: 39/76 = 51%; Specificity: 18/23 = 78%; Youden index:
0.29.

COMPARISON BETWEEN TYMPANOMETRIC
GRADIENT AID MYRINGOTOMY FINDINGS

IN 99 EARS

Diagnostic Gradient Findings at Myringotomy
Prediction (Madsen units) Effusion Dry

Effusion <1 47 5

Dry 5:1 29 18

Total 76 23

The decision factor: Gradient, was fixed at 1 Madsen unit.

Sensitivity: 47/76 = 62%; Specificity: 18/23 = 78%; Youden index:
0.40.
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The Relationship Between Tympanometry and the
Presence of Effusion

The application of tympanometry as a screening test was

described by Brooks^ amongst others, This was put forward by his

study as an alternative to the current use of sweep testing in the

United Kingdom. The variation of percentage failures on sweep

testing through various counties of the U.K. were described by
7 c g

Brooks and he refers to the work by Eagles et al where skilled

testers in ideal environmental conditions using calibrated equipment

found that 29% of the children who failed the primary screen were

shown by threshold audiometry to have hearing within normal limits.

He also refers to a more serious condition in which sweep testing

failed to identify more than 50% of children with active pathology

of the middle ear. Brooks considered that it was possible to use

tympanometry as an adjunct to the school screening programme and

refers to the small compliance change which he found in abnormal

ears from a relatively wide change of pressure as shown in Figure F

overleaf.

From these early studies other workers have carried out screening

programmes over child populations using similar techniques to those

of Brooks and have discussed in detail the use of the technique as a

screening tool. It is clear from some of these studies that the age

of screening for middle ear disorder is of some importance as indeed
9 10 5 11

is the time of year when it is carried out, Tos and Poulsen '

studied the tympanograms of children from birth through to four years

and show that from an early age inactive middle ear pressure is common,

but there is a peaking of the flattened type B curves between two

and four years, particularly in the month of February as shown in
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Pressure, mmH20

FIGURE F
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Figure G below.

Figure G

DISTRIBUTION OF TYMPANOGRAM TYPES
IN SCREENINGS OF CHILDREN AT DIFFERENT

AGES AND/OR DIFFERENT SEASONS

Tympanogram Types
Time of Total A Ci C? B

Age Evaluation No. Ears O.
O %l %2 %

2-4 Jan-April 300 89.4 10.6

days
3 mo April-Feb 252 82.1 17.1 0.8 -

6 mo July-Oct 238 61.7 27.3 9.6 1.3

9 mo Oct-Jan 236 47.5 37.7 10.6 4.2

12 mo Jan-April 206 40.3 27.7 18.9 13.1

2 yr November 556 49.6 19.4 20.1 10.8

February 508 47.4 18.3 20.3 14.0

May 480 52.1 22.1 14.6 11.3

August 444 63.7 18.5 10.6 7.2

4 yr February 744 35.9 21.5 29.0 13.6

Application of Impedance Audiometry in Children

The primary purpose of a hearing service for children may be

defined as the identification of as many correctable ear conditions

as possible in order to prevent the development of hearing loss which

might interfere with social and educational growth and development.
12

The classical Pittsburgh study of Jordan and Eagles indicated

that audiometric screening could not identify all children with ear

disease who needed medical treatment. It was indicated from the

study that a child may experience a significant decrease in hearing

sensitivity without the decrease being detected by conventional

audiometric screening, i.e. sweep testing. Various studies have
13

taken place since that time and in one study 700 school children

were screened and of the 40% who failed impedance screening criteria,
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70% had type C tympanograms and 30% had type B. Abnormal impedance

results were found however in nearly 10% of the children who passed

audiometric screening. From that time discussions have occurred as

to the age at which tympanometry should be carried out.

It has been found that during the first year'of life nearly all

children have a normal middle ear pressure at birth but, as has been

seen above, this changes by the age of six months. Tos, Poulsen and
14

Hancke indicated that at the age of one year the tympanograms were

significantly worse than at earlier ages and only 40% of children at

that age have normal readings and as many as 13% out of a total of

150 children investigated have the type B flattened curve indicating

secretory otitis. The investigators in this series concluded that

the percentage of ears with a flat B type curve is very small during

the first six months of life and this would be concordant with the

pathology of the disease described previously, i.e. it takes some

time before the chronically reduced function of the eustachian tube

(tympanogram type C) leads to metaplastic changes of the middle ear

mucosa. Thus, those children in the first year of life who do not

resolve their tubal occlusion which is manifested as tympanogram type

C progress to a type B tympanogram. The results showed a significant

association between attacks of catarrh and children with abnormal

tympanograms, but there were no significant sex differences in this

particular study.

The Pre-School and School Child

The organisation of routine screening of hearing in Britain in

the young child is mainly concerned with finding cases of

sensorineural deafness as soon as practicable and essentially before
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the child is about 12-18 months old. After this the next major

screening of hearing takes place soon after school entrance. It is

usually carried out by audiometry using 'sweep' testing, Various

studies indicating the limitations of 'sweep' testing have made

little impact on this practice. 'Sweep' testing requires the

co-operation of the child to indicate whether he/she hears a sound

or not; and a quiet environment, not usually obtained in schools.

Even under ideal conditions considerable variations in results can

occur.

The use of impedance measurements in school children has been

explored by Eagles^ and many others and it was found that in

20,000 school children using pure tone tympanometry, seme 3-5% would

have hearing that deviates from normal using a threshold of 20 dBs.

This study is particularly interesting as it compared the acoustic

reflex threshold, otological examination, pure tone screening and

impedance audiometry. The findings were indicated in the following

figure E.

Figure E

Percental distribution of 200 selected ears investigated with
screening audiometry, otoscopy and impedance audiometry, The
figures in brackets indicate the numbers

Screening Otological Tympanometry Stapedial
audiometry examination reflex

Normal findings 36% (72) 14.5% (29) 4.5% (9) 1% (2)

Pathological 64% (128) 85.5% (171) 95,5% (191) 99% (198)
findings

Tympanometry alone identified 95% of the children who had

pathological findings whereas the otological examination missed 29

cases, all of which the Otologist considered normal and had an
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elevated or absent stapedial reflex and type C tympanograms with a

peaking of inactive middle ear pressure between -200 to -300 mm

water. Of the 72 ears that showed normal to the 20 dB sweep testing,

on repeated .examination 66 showed abnormalities. Two weeks later of

the 200 ears with pathology findings, 36% showed hearing within

normal limits.

A further study of ten-year old children showed a similar

pattern as shown in Figure F.

Figure F

A comparison between screening audiometry, otoscopy and impedance
audiometry in 103 random 10-year-olds (206 ears). The figures
in brackets indicate the numbers.

Screening Otological Tympanometry Stapedial
audiometry examination reflex

Normal findings 98.5% (203) 92% (190) 88% (181) 65% (134)

Pathological 1.5% (3) 8% (16) 12% (25) 35% (72)
findings

The conclusions of this study showed that pure tone screening

needed tympanometry with stapedial reflex testing to identify all the

potential cases which were present in the survey. The Authors

hesitated to recommend the use of tympanometry alone because of the

possibility of missing sensorineural deafness.

Other studies, including that of Orchik and Herd-man^ indicate

similar problems with full frequency sweep testing at a level of

200 dBs when over half of those with tympanometric evidence of

probable middle ear effusion passed the whole sweep test. It is

suggested that the use of type C tympanogram as a failure criterion

could result in an inordinate number of false positives.

Other studies have found similar situations and in the study

in Salt Lake City by McCandless and Thomas, a comparison between
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impedance and routine otoscopy showed a high correlation in older

age groups, but a low correlation between pure tone audiometry

sweep testing and otoscopy. The time taken, the Authors suggest,

was not greater than that of otoscopic examination alone.

Problems of Using Impedance Measurements for Screening

It can be seen from the previous discussions that it is

possible to use the following techniques alone or in combination to

ascertain middle ear function in children.

1. Otoscopic examination.

2. Audiometric testing, especially sweep testing.

3. The acoustic reflex.

4. Tympanometry.

All four have problems in relationship to the degree of

sensitivity and specificity and the presence of middle ear effusions.

Some of the studies carried out indicate conflicting evidence as to

which of the combinations of tests are most likely to be helpful and

a large number of studies have taken place which indicate that in

this age group sweep testing as currently carried out in the Health
18 19 20 21 22 23

Service, United Kingdom, have serious limitations >*>>>>

24,25,26,27., sufficient evidence has now accumulated to consider

a new approach to screening for middle ear disease in older children,

The relationship however of the otoscopic examination and

diagnosis to the findings at myringotomy indicate a comparatively

low level of specificity ie the ability of the test to produce a

negative when the ear does not have middle ear secretion as illustrated

in Figure G.
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Figure G ^

OTOSCOPIC DIAGNOSIS OF OME IN RELATION
TO FINDINGS ; at MYRINGOTOMY

Otoscopic
Diagnosis No OME OME Equivocal

Myringotomy
Findings

No

OME OME
No

OME OME
No
OME OME

Sensit¬

ivity
0.
0

Specif¬
icity

%
4->
t/> A

pi'N = 384)
o

114 7 26 223 7 7 94 78

S(N =b381) 120 25 29 176 14 17 81 74

o

This table shows the results that have been indicated using two

clinicians examining over 380 patients. The two investigators showed

a close correlation between each other when it came to declaring an

ear free of secretory otitis, but less agreement when a positive

diagnosis was required. A similar type of investigation by the same

group using the middle ear acoustic reflex showed also that in their

view the reflex set at 105 dBs or below had an unacceptably low

specificity. See Figure H below.

Figure H %

DIAGNOSTIC VALUE OF MIDDLE EAR MUSCLE REFLEX
MEASUREMENTS IN THE IDENTIFICATION OF OME

Stimulus Type of Measurement Sensitivity Specificity
Frequency Stimulation Condition No. % %

(Hz)

1000 I A 396 96.3 34.6
I P 372 92.9 52.0
c A 397 97.9 24.8
c P 370 95.5 37.4

2000 I A 368 95.5 37.4
I P 370 91.9 50.7
c A 346 97.1 29.4
c P 346 93.3 39.4

= Ipsilateral; C = Contralateral; A = Ambient pressure;
= Tympanogram's peak pressure.

CanteKiN EI., 8 Lues fane C. DyFxlcl TJ., Shot S.E.J Seen) Q_Cy
Scfao E.L.j jckntijicxutfan. c>j Otitis MecLLce COLtfaElusion i>n CkifaLizn.
Ann Otx>U UtiiAAoi LoMjncjoL. 1980, VoL 8?. StippL G8. hf°3 PtZ j> 190-/95.
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The same study also classified tympanogram types and in

tympanogram type B there was a very high correlation between a

flattened curve and the presence of effusion although, as previously

noted, a high negative pressure can produce a small number of

cases without necessarily there being a flattening of the curve.

In contra-distinction to this study, the investigation by
28

Freyss, Narcy, Manac'h and Toupet showed that by using a reflex

threshold of 115 dBs the specificity was much higher - 83% - as

shown in Figure I below.

Figure I %

COMPARISON BETWEEN ACOUSTIC REFLEX THRESHOLD
AND MYRINGOTOMY FINDINGS IN 99 EARS

Reflex
Diagnostic Threshold Findings at Myringotomy
Prediction (dB at 100 Hz) Effusion Dry

Effusion i»115 dB 57 4

Dry ^115 dB 19 19

Total 76 23

The decision factor: Acoustic reflex threshold, was fixed
at 115 dB at 1000 Hz.

Sensitivity: 57/76 = 75%; Specificity: 19/23 = 83%; Youden
index: 0.58.

It would appear from these results that the acoustic reflex

alone could be unreliable in certain circumstances and particularly

if the threshold is set too low. The same study indicated that there

was a similar high sensitivity and specificity when the curve was

flattened and at a low gradient. See Figure J overleaf.

footnote, o/uv flxgz S3.



- 64 -

Figure J

COMPARISON BETWEEN TYMPANOMETRY GRADIENT
AND MYRINGOTOMY FINDINGS IN 99 EARS

Diagnostic
Prediction

Gradient Findings at Myringotomy
(Madsen units) Effusions Dry

Effusion 1 47 5

Dry 1 29 18

Total 76 23

The decision factor: Gradient, was fixed at 1 Madsen unit.

Sensitivity: 47/76 = 62%; Specificity: 18/23 = 78%;
Youden index: 0.40,

This was more reliable than a comparison between the peak

pressure and myringotomy findings.

Previous Studies

It is possible to use the following battery of tests for
29

screening purposes and the recommendation of Renvall and Liden is

that the acoustic reflex should be excluded and pure tone screening

less than 20 dBs at 500 kHz or at 4,000 kHz and a middle ear pressue

of -150 mm H^O or a flat tympanogram offer the best combination of
tests. Furthermore the same authors recommend that the children

failing the screening battery of tests should have a repeat test

after four to six weeks and only those who do not pass at this stage

should be referred to an Otologist.

This seems to be the current opinion as regards the use of

screening tests in school children and coincides with the methods

used in our own studies. Dr. Brooks has described the use of an

31
impedance bridge for these purposes in the U.K. and this has

piloted the use of the technique in this Country. However, population
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studies in school children controlled according to current criteria

have not been widely carried out in the U.K. and it was with this in

mind that the research described here was undertaken.
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CHAPTER 4

A PILOT STUDY IN A SCHOOL POPULATION

Population studies, particularly in school children have been

carried out in this Country by Brooks^ who was in contact with the

Author from the early stages of some of his population studies. As

a result of Brook's initial work in this Country it was decided to

conduct a small pilot study on the feasibility of using impedance

measurements for a group of children in their first year at school

during the months of December, January and February. A total of

490 children were tested from a small market town, Kendal in the south

part of Cumbria. All the tests, i.e. otological examination, sweep

testing and impedance measurements were completed on each child within

a 48-hour period, the majority being completed at the same session.

As well as these examinations a questionnaire was administered to the

parent of each child which referred particularly to social factors

and the background of the previous health of the child. Particular

enquiries were made with regard to upper respiratory infection and

associated ear conditions. The ENT examination was carried out by

the Author who was previously an ENT Registrar in a teaching hospital.

The audiometric examinations were carried out separately by an

audiometrician using the sweep test and a teacher of the deaf used

the Peters equipments which was then available on the market. As

described by Brooks, the compliance change was measured for 1%

pressure changes. This would be expected to be high in a normal

ear, but low in a fluid filled ear as shown in chapter 2, Figure F.

Comparison of Impedance Measurement with ENT Examination

During the examination by the Medical Officer, as described

above, the tympanic membrane (TM) was examined to determine whether

there was:
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(a) Loss of light reflex.

(b) Presence of fluid behind the TM.

(c) A yellow or opaque TM.

Any other abnormalities were noted, e.g. perforations. During the

course of the series three children were examined who had acute

inflammation of the middle ear and these were referred for immediate

treatment.

Scarring of the TM was found in about 67 children, but this

was not found to be a significant factor when measured against the

middle ear pressure by the impedance bridge as shown in Figures B and

C below.

Figure B

E.N.T. Examination: Scarred Tympanic Membrane v. Pressure - L, Ear
(Using Tympanometry as Standard Reading)

Scarred
T.M.

0 - 150mm -150mm - -250mm -250mm + TOTAL

Yes 40 10 16 66

No 243 74 73 390

All 283 84 89 456

="0.50.*. Not'Sig. at 5% Level

Figure C

E.N.T. Examination: Scarred Tympanic Membrane v. Pressure - R. Ear

Scarred
T.M.

0 - 150mm -150mm - -250mm -250mm + TOTAL

Yes 38 12 16 66

No 247 74 73 394

All 285 86 89 460

P<C0.50/.Not Sig. at 5% Level.
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In this series there was no correlation found betweeen a high

gradient and scarred TM, all those with a scarred TM having gradients

of one or less as shown in Figures D and E below.

Figure D

Scarred T.M. - Left Ear v. Gradient

Gradient: 0.05-0.10 0.10-1.00 o° + TOTAL

Scarred (Yes 11 56 67
T.M. (

( No 79 313 - 392

All 90 369 - 459

PX). 30.*. Not Sig, at 5% Level

Figure E

Scarred T.M. - Right Ear v. Gradient

Gradient: 0.05-0.10 0.10-1.00 1,00 + TOTAL

Scarred Yes 15 52 67
T.M.

No 74 322 - 396

All 89 374 - 463

P:>0.30.\Not Sig. at 5% Level

However it should be noted that although scarring was present

in the 67 cases, this scarring was not gross.

A scarred TM normally increases the resistance of the middle ear

and a typical high peak response is found with a high degree of

compliance, however, in this series this did not seem to have a

significant association. The parameters used for further otoscopy were:
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A. The loss of light reflex and indrawing of the TM using a

standard oral Speculum without a pneumatic attachment on the

basis that this would be the most common method likely to be

used in the field outside specialist ENT clinics. The groupings

of the middle ear pressure were arbitrarily taken as between

0 to -150mm H^O and -150mm to -250mm+. The results as shown
in the following Figure F indicate that with peak measurements

of an individual middle ear pressure, the sensitivity of the

otological examination is low, whereas the specificity is high

giving a Youden index of 0.31. Furthermore it was found that

some 172 ears with abnormalities would have been missed on these

criteria alone using an otological examination. This represents

a loss of about 50% of patients with reduced middle ear pressure

which is higher than would have been expected.

Figure F

Otological Examination and Middle Ear Pressure

Sensitivity and Specificity
(Using Tympanometry as Reference Standard)

LEFT EAR

Indrawn 0 -150mm. -150mm t -250mm+

YES 58 (20%) 91 (52%)

NO 225 (80%) 82 (48%)

283 (100%) 173 (100%)

RIGHT EAR

Indrawn 0 - - 150mm. -150mm - -250mm+

YES 52 (18%) 86 (49%)

NO 233 (82%) 90 (51%)

285 (100%) 176 (100%)
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Figure F Cont.

OTOLOGICAL EXAMINATION IS NEGATIVE FOR 48% - 51% Op PATIENTS

WITH NEGATIVE MIDDLE EAR PRESSURE OF -150mm, OR LESS,

RIGHT AND LEFT COMBINED

SENSITIVITY = 50.7%

SPECIFICITY = 80.6%

On further analysis when comparing indrawn/loss of light

reflex TM with a high negative pressure, i.e. greater than

-250mm, it was found that a significant relationship existed

between negative pressure and the ENT examination, but still

some cases would be missed on the ENT examination alone -

Total = 73 (8.6%). It would thus appear that a higher

correlation occurs between a high negative pressure greater

than -250mm; but that a significant number may be missed by

otoscopic examination alone.

B. The ENT examination was extended to specifically look for

post-TM fluid and a yellow or opaque TM, This was then compared

with the impedance measurement of pressure in the middle ear in

three groupings, 0 to 150mm, -150mm to -250mm and greater than

250mm. Altogether it was found that there was a significant

relationship between the ENT examination for these factors

and the high negative pressure in the ear, However, some eleven

cases showed an acceptable negative middle ear pressure, i.e.

less than -150mm, but seventeen cases with either a yellow or

opaque TM and fluid showed high negative pressure of greater

than -250mm. In the series on the left ear however a high

negative pressure was not found, but there was a reduction in

compliance in both cases as shown in the following Figures G 5 H.
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Figure G

E.N.T. Examination: Post T.M. Fluid and Yellow T.M. or

Opaque v. Pressure - Left Ear,

0 -> -150mm -150mm -250mm -250mm+ TOTAL

Post TM Yellow TM
Fluid or Opaque

Yes 11 2 17 30

No 272 80 70 422

All 283 82 87 452

P<0.001/.Sig. at 0.1% Level

Figure H

E.N.T. Examination: Post T.M. Fluid and Yellow T.M. or

Opaque v. Pressure - Left Ear

0 - -150mm -150mm - -250mm -250mm+ TOTAL

Post TM Yellow TM
Fluid or Opaque

Yes 5 14 - 19

No 280 160 - 440

All 285 174 - 459

P;>0,001 ,\ Sig. at 1% Level

When grouping the results they showed a low sensitivity but

high specificity which would indicate that some sixteen cases may

have been missed using the negative middle ear pressure alone

as a criteria, whereas son]e thirty-three cases would have been

detected as shown in Figure I overleaf.
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Figure I

Otological Examination (ii) y, Pressure

LEFT EAR

Any Post TM
Fluid or Opaque

YES

NO

0 » -150mm -150mm •> -250mm+

11

272

19 (11%)

150

283 169

RIGHT EAR

Any Post TM
Fluid or Opaque

YES

NO

0 -> -150mm -150mm -250mm+

5

280

14 (8%)

160

285 174

ONLY 8 - 11% OF ABNORMAL M.E. PRESSURES ASSOCIATED WITH

POST T.M. FLUID OR OPAQUE T.M,

SENSITIVITY RIGHT AND LEFT EAR
(Using Tympanometry as Reference)

35
x 100 = 9.6%

343

SPECIFICITY RIGHT AND LEFT EAR

55?
x 100 = 97,1%

568

It would appear from these results that as previously

discussed a high negative pressure peak is npt necessarily a

reliable measure of the presence of post-TM fluid or opaque TMs,

A more reliable measure would be the presence of a low compliance
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which indicates a flattened curve.

These results indicate that there are difficulties in considering

any one parameter of impedance measurement as the sole screening

maximum when compared with an ENT examination. One must assume that

ENT examinations will miss a significant number of cases if used

alone and the presence of indrawn TM would most likely correlate, as

would be expected, with a high negative pressure, whereas the

presence of fluid and an opaque or yellow TM would more closely

associate with a low gradient. Further analysis of the data obtained

indicates that the yellow or opaque TM equates more closely with a

high negative pressure than the presence of post-TM fluid which

equates most closely with the low gradient. It would be seen from

the following Figures J and K that the indrawn TM while significantly

related to the compliance, is likely to miss 12% (120) of cases if used

as the sole criteria.

Figure J

E.N.T. Examination: Indrawn Tympanic Membrane v. Compliance -

Left Ear

Indrawn
T.M.

L 0.3 0.3 L - Q.4 0-4 - 1,4+ TOTAL

Yes 52 19 78 149

No 14 43 253 310

All 66 62 331 459

PCO.OOl/.Sig, at 0.1% Level
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Figure K

E.N.T. Examination; Indrawn Tympanic Membrane v, Compliance -

Right Ear

Indrawn
T.M.

L 0.3 0.3 L - 0.4 0-4 - 1.4+ TOTAL

Yes 37 21 80 138

No 22 41 264 327

All 59 62 344 465

P 0.001 Sig, at 0.1% Level.

Summary

There have been at least ten studies in which the impedance

measurement has been compared with otoscopy and these are summarised

as follows in Figure L.

Figure L

SENSITIVITY 5 SPECIFICITY OF IMPEDANCE TESTING

RELATIVE TO OTOSCOPY

Authors Year N Sensitivity Specificity

McCandless 3 Thomas 1974 730 92 98

Paradise, Smith §
Bluestone 1976 253 77-88 89-92

Roberts 1976 1013 97 90

Schwartz £ Redfield 1976 53 96 -

Weaver et al 1976 120 96 -

Findlay, Stool § Svitko 1977 97 79-100 82-88

Roeser et al 1977 191 69-80 89-94

Urban 1978 1020 87 -

Stewart et al 1979 822 95 99

Su 1979 154 95 88
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The average sensitivity was 91% (range 69% -100%), The

specificity was 95% average (range 82% - 99%), It should be noted

however that controversy exists as to the value of otoscopy for

detection of Serous Otitis Media. Studies comparing clinicians have
2

indicated that cases may be missed and the study by Paradise found

that although a number of individuals were aware that their skill

was under test, serous otitis media was missed in 15% - 20% of

3
cases and an 18% error was reported by Reicherfc et al in 1978.

4
Roeser also reported that experienced otologists disagreed in 11% of

cases as to whether otoscopy indicated a need for treatment.

Although the sensitivities and specificities given in the figure

above are more impressive than the present series, there still seems

to be an element of doubt about the value of otoscopy alone as a

diagnostic standard for serous otitis media. Like most test in

screening, combinations of several tests often prove more selective

with a high sensitivity and specificity than one test by itself, but

in field situations the application of otoscopy to every child by a

suitably experienced examiner would probably be impractical except

in limited special studies. The conclusion therefore is that if a

large number of children are to be screened then it looks as though

impedance testing would be preferable to otoscopy alone.

Conventional Audiometry and Impedance Tympanometry

The conventional way of measuring a large number of children

for hearing disorder at about school age is to carry out one of the

forms of "sweep" testing. There are several versions of this, but

in general they are based on pure tone signals applied at levels no

higher than 25 dBs. The main problem is that the environment in
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which the test is carried out has considerable influence on the

child's ability to hear threshold pure tones. Co-operation is of

course essential and this means explaining to the child that he is to

signal at some point when he hears an appropriate sound . The usual

frequencies are 500,1,000, 2,000, 4,000 and 6,000 and failure to

respond to one or more frequencies at the 25 level is regarded as a

failure. Discussion has taken place as to suggested levels and the

American standard usually states that threshold level should be

20 dBs. However, in surveying this level throughout the usual

schools in which the tests are carried out in some Areas, it is usually

found that the background noise level is at least 20 dBs and this is

why a higher level has been taken,

During the pilot study a sweep test was carried out and compared

with pressures and compliance of the ears as ascertained by tympan¬

ometry. The following figures M and N indicate the resultsdobtained

for pressure.

Figure M

Sweep Test Left Ear v. Pressure

Sweep
Test

Pressure

25db
Threshold 0 > -150mm -150mm •> -250mm -250mm+ TOTAL

Pass 240 56 43 339

Fail 66 29 52 147

All 306 85 95 486

P<0.001 Sig. at 0.1% Level
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Figure N

Sweep Test Right Ear v. Pressure

Sweep
Test
25db
Threshold

Pressure

0 > -150mm -150mm > -250mm -250mm+ TOTAL

Pass 231 62 46 339

Fail 67 30 48 145

All 298 92 94 484

P 0.001 Sig. at 0.1% Level.

From this it can be seen that 89 cases with tympanogram readings

of -250mm or more would have been passed by the sweep test as having

normal hearing. Thus, although there is a significant relationship

between the pass and fail levels there is a high "miss" rate and it

would appear that the sensitivity and specificity would be

unacceptably low as illustrated by Figure 0 below.

Figure 0

Sweep Test Sensitivity and Specificity

Iifipedance Tympanometry Pressure in Middle Ear

I ppT far (Tympanometry is Reference)

Sweep (25db) 0 -150mm -150mm -y -250. cr more

PASS 240 (78%) 99 (55%)

FAIL 66 (21%) 81 (45%)

306 180
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Figure 0 Cont,

RIGHT EAR

Sweep (25db) 0 - - 150mm -150mm - 250mm, or more

PASS 231 (77%) 108 (58%)

FAIL 67 (22%) 78 (41%)

298 186

55% - 58% OF CHILDREN WITH REDUCED MIDDLE EAR PRESSURE

(-150 ^ -250mm+) PASS A ROUTINE SWEEP TEST AT 25db LEVEL.

SENSITIVITY OF SWEEP TESTING (RIGHT AND LEFT EAR COMBINED IS

43% (Tympanometry as reference)

SPECIFICITY OF SWEEP TESTING (RIGHT AND LEFT EAR COMBINED) IS

78%

A similar situation occurs with low compliance, If it is

accepted that a compliance of less than 0,4 represents a fail

situation as regards tympanometry, then, as can be seen in Figures

P and Q following, at least 142 cases would have been passed by the

sweep test even allowing for a more strict criteria regarding a

lower compliance, i.e. 0.3 or less, the sweep testing would have

missed 49 cases which is a high proportion of the total.

Figure P

Sweep Test - Left Ear v. Compliance

Sweep
Test
25db
Threshold

Compliance

L 0.3 <=3-O1JbO
|

O 0.4 L - 1,4+ TOTAL

Pass 29 48 265 342

Fail 43 17 87 147

All 72 65 352 489

PC0.001 Sig. at 0.1% Level
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Figure Q

Sweep Test - Right Ear v. Compliance

Sweep
Test
25db
Threshold

Compliance

L 0.3 0.3 L - 0.4 0.4 L - 1.4+ TOTAL

Pass 20 51 272 343

Fail 45 14 86 145

All 65 65 358 488

P 0. 001 Sig. at 0.1% Level.

It would appear from the results of sweep testing that at this

age group there could be a loss of a significant number of cases of

potential middle ear disorder if used as the sole test. A low

compliance with a high negative pressure are the potential breeding

ground for serous otitis media and the sweep test as currently

carried out seems unreliable to detect this potential pathology.

Conclusions

These results show that there is a poor

correlation between sweep testing and impedance measurements using

middle ear pressure and compliance as criteria. Thus, it must be

accepted that sweep testing could miss a large number of children with

abnormal tympanograms who may well become candidates for serous

otitis media if not resolved. On reviewing the literature, it

appears that other workers have come to similar conclusions. In spite

of this the test is still used widely because of the fear of missing

a case of sensorineural deafness. It will however be discussed later

V.'
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when the larger study is described as to how this might be overcome.

ENT HISTORY AND IMPEDANCE TYMPANOMETRY

Intercurrent Infection

The relationship between intercurrent infection and pathology

of serous otitis media has already been discussed in Chapter 2 In

the pilot study it was decided to ask about the number and frequency

of colds as described by the parents over the past year. This was

on the assumption that the memory for such events would decrease the

further back the history was asked. In spite of the difficulties of

obtaining accurate histories, a high proportion of parents were

prepared to be definite about the history and a significant relation¬

ship was found between the number of colds over a 12-month period and

a high negative pressure in both right and left ears as illustrated

in Figures R and S below.

Figure R

Relationship of Pressure and Number of Colds in
the past year for the Left Ear

Colds 0 - 150mm -150mm > -250mm -250mm+ Total Average
Rank

0 16 3 5 24 12.5

1 28 • 13 8 49 49

2 85 28 17 130 138.5

3 74 15 18 107 257

4 43 14 19 76 348.5

5 13 2 5 20 396.5

6 36 8 18 62 437.5

7 3 0 0 3 470

8 2 1 4 7 475

300 84 94 478
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Figure R Cont.

Using a Kruskal Wallis one way analysis of variance we have
H = 8.9997. On the null hypothesis of no difference between

2
the results in the 3 category this should follow a x

distribution with 2 degrees of freedom, approximately,
(0. 02^>p>-0 . 01) The result is significant. The Group
classified as -150mm y> -250mm has the least number of colds
and the -250mm+ group has the largest.

Figure S

Relationship of Pressure and Number of Colds
in the past year for the Right Ear

Colds 0 - 150mm -150mm - -250mm -250mm+ Total Average
Rank

0 17 3 3 24 12

1 30 7 12 49 48

2 86 27 15 128 136,5

3 66 24 16 106 253,5

4 40 17 19 76 344.5

5 11 5 6 22 393.5

6 36 7 18 61 435

7 2 0 1 3 467

8 3 1 3 7 472

291 91 93 475

2
With the detail as before H = 7.535 as x with 2 d,f, approx.

(0.05^>p>0.02) The results is significant,
The -250mm+ Group has the largest number of colds and the
0 - 150mm Group the smallest.

This confirms the fact that abnormal results in tympanometry

regarding middle ear pressure is related to frequent infections.

However, it should be noted that in the substantive study described

later the actual cases referred to ENT who were suspected of having
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clinical serous otitis was not significantly related to the number

of colds. This emphasises the transient nature of many tympanometric

findings an dindicates that persistent serous otitis has a somewhat

different natural history from that of transient abnormal

tympanometric findings.

Using the same kind of tests it was also found that compliance

was not significantly related to the number of colds and nor was the

gradient of the tympanogram. This reinforces the view that the low

compliance tympanogram (type B) is most likely to be associated with

the permanent problems of serous otitis rather than the high negative

pressure, see Appendix I, Figures 1 an<3 2

The position in the family might also be related to the

exposure to inter-current infection in that the first child of a

family is more likely to suffer frequent attacks of inter-current

infection. This was found to be so using the Kruskal Wallis

technique as illustrated in the following Figure T

Figure T

Number of Colds and Rank

No. of colds 1st
Child

CRank 11

2nd
Child

3rd+
Child

Total Average
Rank

0 8 9 7 24 12.5

1 13 21 16 50 49.5

2 47 55 29 131 140

3 48 40 19 107 259

4 38 21 17 76 350.5

5 9 7 6 22 399.5

6 31 19 12 62 441.5

7 1 1 1 3 474

8 4 2 1 7 479

199 175 108 482
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Figure T Cont.

Using the Kruskal Wallis technique, H = 9719 which is
2

distributed as x with 2 degrees of freedom (0. 01 >p >0 .001)
the result is significant. Children of Rank 1 have more

colds in the past year than those of Ranks 2 and 3 and over

who have a similar number.

This, when related to the middle ear pressure showed a significant

relationship at the 5% level with a high negative pressure and it would

appear that the first child in a family is more likely to have reduced

middle ear pressure and the type C tympanogram than subsequent members

of the family. However, it might have been expected that the

exposure to inter-current infection was related also to attendance

at a pre-school playgroup. This was not found to be significant;

this is on the basis that exposure to inter-current infection in a

group is more likely to dispose a child to having a reduced number

of colds.

It might also be expected that a recent respiratory tract

infection was more likely to produce a high negative pressure and

this proved to be the case, a significant relationship being found

between a recent history of colds and a middle ear pressure of

-ZSOmm^O or more. See Figures U and V overleaf.



- 87 -

Figure U

Upper Respiratory Tract Infection: (i.e. cold)
v. Pressure - Left Ear

0 - 150mm -150mm -250mm -250mm+ TOTAL

None in past
3 months 51 17 12 80

Yes, in past
3 weeks 165 52 69 286

Yes, in past
1-3 months 91 16 14 121

All 307 85 95 487

p>0.001»\Sig. at 1% Level

Figure V

Upper Respiratory Tract Infection: (i.e. cold)
v. Pressure - Right Ear

0 - 150mm -150mm -250mm -250mm+ TOTAL

None in past
3 months 60 15 7 81

Yes, in past
past 3 weeks 158 60 66 284

Yes, in past
1-3 months 81 18 21 120

All 299 92 94 485

p>0.001 /.Sig, at 1% Level

No significant relationship however was established for

compliance and recent upper respiratory tract infections (URTI).

Generally, it may be concluded that URTI is closely related to

reduced middle ear pressure on tympanometry. It appears however

that the relationship between respiratory tract infection and
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flattened type B curves is not significant and perhaps reinforces

the hypothesis that patients with serous otitis media have persistent

trouble in spite of inter-current infection. It is suggested that

although infection may be the actual precipitating factor, the

persistent serous otitis media is related to some additional factors

and from previous discussions probably from quite early in the

child's life.

Earache and Deafness

Questions were asked concerning any compliant by the child of

earache. It recognised that accurate history over even a period of

twelve months might be difficult, and surprisingly even when

questioned on whether it was present in the right or left ear a higher

number of parents gave a positive answer than might have been

expected.

It appeared that a history of earache in the last twelve months

was highly significantly associated with both compliance and reduced

middle ear pressure as shown in Figures W, X, Y and Z below.

Figure W

Previous History of Earache v. Compliance - Left Ear

L 0.3 0.3L - 0.4
0-4 -

1.4 +
TOTAL

None in past
12 months 21 40 235 296

Yes, in past
3 weeks 20 4 24 48

Yes, in past
1-12 months 31 21 94 146

All 72 65 353 490

p <0.001.* Sig. at 0.1% Level
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Figure X

Previous History of Earache
v. Compliance - Right Ear

L 0.3 0.3L - 0.4
0-4 -

1.4 +
TOTAL

None in past
12 months 21 42 233 296

Yes, in past
3 weeks 16 7 25 48

Yes, in past
1-12 months 28 16 101 145

All 65 65 359 489

p<( 0.001 f.Sig. at 0,1% Level

Figure Y

Previous History of Earache

v. Pressure - Left Ear

0 - 150mm -150mm -250mm -250mm+ TOTAL

None 216 44 35 295

Yes, in past
3 weeks 21 8 19 48

Yes, in past
1-12 months 70 33 41 144

All 307 85 95 487

p<0.001.\Sig. at 0.1% Level
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Figure Z

Previous History of Earache
v. Pressure - Right Ear

0 - 150mm -150mm-^ -250mm -250mm+ TOTAL

None 207 49 37 293

Yes, in
past 3 19 14 15 48
weeks

Yes, in
past 1-12 73 29 42 144
months

All 299 92 94 485

p < 0.001 /-.Sig, at 0.1% Level.

Deafness was also enquired about as it is a surprisingly common

assertion by parents that a child may be deaf temporarily even when

not specifically asked for. The result showed a significant

relationship between a history of deafness in the last twelve months

and a high negative middle ear pressure as well as a low compliance

as shown in Figure AA below:

Figure AA

Previous History of Deafness
v. Compliance - Left Ear

L 0.3 0.3L - 0.4 0.4L - 1.4+ TOTAL

None in past
12 months 52 57 323 432

Yes, in past
3 weeks 6 - 3 9

Yes in past
12 months or

more 14 8 27 49

All 72 65 353 490
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Figure AA Cont.

Significant Test of doubtful validity. All previous history of
deafness grouped as below:

L 0.3 0.3L - 0.4 0.4L - 1.4+

... j

TOTAL

None 52 57 323 432

Yes, in past
3 weeks or

longer
20 8 30 58

All 72 65 353 490

p<^0.001.*,Sig, at 0.1 Level

Grouped as Left Ear: Previous History of
Deafness v. Compliance - Right Ear

L 0.3 0.3L - 0.4 0.4L - 1.4+ TOTAL

None 46 58 327 431

Yes, in past
3 weeks or 19 7 32 58

longer

All 65 65 359 489

p^O.OOl/.Sig. at 0.1% Level

There was also significant relationship between the high

negative pressure and deafness as seen in Figures BB and CC .

overleaf.
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Figure BB

Previous History of Deafness
v. Pressure - Left Ear

0 - 150mm -150mm -> -250mm -250mm+ TOTAL

None 280 76 74 430

Yes, in
past 3 wks 2 1 6 9

Yes in

past 1-12
months or

more

25 8 15 48

All 307 85 95 487

0 . 001 Sig. at 0.1% Level

Significance Tests of doubtful validity. All previous history
of deafness grouped together below:

No 280 76 74 430

Yes 27 9 21 57

307 85 95 487

p>0.001 Sig. at 1% Level
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Figure CC

Previous History of Deafness
v. Pressure - Right Ear

0 150mm -150mm - -250mm -250mm+ TOTAL

None 276 77 74 427

Yes, in past
3 weeks 3 2 4 9

Yes, in past
1-12 months
or more

20 13 16 49

All 299 92 94 485

p > 0,001.'.Sig. at 1% Level

Previous History of Deafness Grouped together as for Left Ear

No 276 77 74 427

Yes 23 15 20 58

All 299 92 94 485

p^0.001*. Sig, at 0.1% Level.

From this it appears that a history of earache and deafness is

related to an abnormal tympanogram and it was also found in the

substantive study that there was a significant relationship between

these two factors and cases eventually referred to ENT surgeons.

Social Factors

Throughout the study it had been suggested from time to time

that there may be a sex difference in children although previous

workers had not found this to be the case. No significant relation¬

ship was found between an abnormal tympanogram with a high negative
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pressure and the sex of the child. This was also confirmed in the

substantive study when the ENT referrals were analysed. (Please

refer to Appendix I, Figures 3 and 4).

Social class was not found to be significant either in this

or the substantive study and nor was abnormal history of birth or

difficult labour as far as could be ascertained. (Please refer to

Appendix I, Figures 5 and 6).

General Throat and Nose History

Aiditional factors were investigated, particularly those related

to hayfever or asthma and it was found that there was no significant

relationship between a given history of an allergic nasal condition

or asthma and a high negative pressure as shown in Figures DD and

EE.

Figure DD

Has the Child suffered from an allergic nasal condition

(e.g. hay fever or asthma) in the past 12 months?
v. Pressure - Left Ear,

0 - 150mm -150mm - -250mm+ TOTAL

Yes 12 10 22

No 295 170 465

All 307 180 487

p^>0.80.*.Not Sig, at 5% Level



- 95 -

Figure EE

Has the Child suffered from an allergic nasal condition

(e.g. hay fever or asthma) in the past 12 months?
v. Pressure - Right Ear

0 - 150mm -150mm -250mm+ TOTAL

Yes 14 8 22

No 285 178 463

All 299 186 485

p>0.80/.Not Sig. at 5% Level

This is again in accord with other workers who have found the

allergic nasal conditions and associated asthmatic conditions not

to be related to abnormal tympanograms.

A history of mouth breathing, snoring and also sore throat was

not found to be associated with either a low compliance or a high

negative pressure.

These results tend to reinforce the view that serous otitis

media may be a related but parallel condition to the situation found

at tympanometry and although abnormal tympanograms are closely

associated with serous otitis media, an abnormal one off tympanogram

is not necessarily associated with the persistent serous otitis

media.

Conclusions

As a result of the pilot study, it is obvious that two broad

conclusions can be drawn relating to a possible hypothesis of the

natural history of serous otitis media and also the value of

tympanometry in the detection of the condition.



- 96 -

It was not possible in this pilot study to serially examine

children over a period of time. This was essentially a one off

situation in which techniques were being tested and the feasibility of

doing a larger scale study considered. However, from the results

comparing the abnormal tympanogram with history of inter-current

infection and deafness and earache, it appears that a large number

of cases will be associated with a high negative middle ear pressure.

This however is not a diagnosis of serous otitis media by tympanometry

but rather indicates the transient nature of abnormal tympanograms,

especially when the first child in a family is initially exposed to

infection. The conclusion reached for this part was that serial

testing would be essential in a substantive study if the system was not

to be overloaded with temporary conditions which would resolve

spontaneously. The only difficulty would be the type B flattened

curve which was found at initial tympanometry and if this was to be

the subject of further review.

The value of the traditional sweep testing was also questionable

in this series in that a high proportion of children with abnormal

tympanograms are likely to be missed by traditional sweep test

audiometry. The value of otoscopic examination compared with

tympanometry however indicates that although there is a good

correlation between abnormal otoscopic findings and the abnormal

tympanogram, the otoscopic examination without a pneumatic attachment

will miss a large number (up to 50%) of cases which might have been

referred for further investigation. Although both the otoscopic

examination and tympanometry would be desirable to be carried out

together this is not practical in the field and as tympanometry is

more likely to reveal cases which are subsequently found to have
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middle ear pathology, as found by otoscopy under field conditions,

tympanometry must be preferred as a screening technique.
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APPENDIX I

Figure 1

Previous History of Upper Respiratory Tract Infection

(i.e. cold) v. Compliance - Left Ear

L 0.3 0.3 L - 0.4
0-4 -

1.4 +
TOTAL

None in past
3 months 8 12 61 81

Yes, in past
3 weeks 49 37 201 287

Yes, in past
1-3 months 15 16 91 122

All 72 65 353 490

p >0. 30»"»Not Sig. at 5% Level.

Figure 2
Previous History of Upper Respiratory Tract Infection

(i.e. cold) v. Compliance - Right Ear

L 0.3 0.3 L - 0.4
0-4 -

1.4 +
TOTAL

None in past
3 months 7 9 65 81

Yes, in past
3 weeks 47 34 205 286

Yes, in past
1-3 months 11 22 89 122

All 65 65 359 489

p^>0.05." Not Sig, at 5% Level

Although not significant, a low compliance is more often seen in
those with a recent upper respiratory tract infection.
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Figure 3

Sex v. Pressure - Left Ear

1

MALE FEMALE TOTAL

Pressure

0 - 150mm 160 147 307

-150mm - -250mm 42 43 85

-250mm + 46 49 95

All 248 239 487

p 0.70 Not Sig. at 5% Level

Figure 4

Sex v. Pressure - Right Ear

MALE FEMALE TOTAL

Pressure

0 - 150mm 150 149 299

-150mm - -250mm 51 41 92

-250mm + 46 48 94

All 247 238 485

p 0.50 Not Sig. at 5% Level
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Figure 5

Occupation of Head of Household
Social Class v. Pressure Left Ear

Social
Class 0 -150mm -150mm - -250mm -250mm+ TOTAL

1 24 5 2 31

2 51 15 15 81

3 NM 28 7 7 42

3 M 147 43 57 247

4 ) 34 7 6 47
5 ) 7 2 4 13

All 291 79 91 461

p 0,50 Not Sig, at 5% Level

Figure 6

Social Class v. Pressure Right Ear

Social
Class

0 - -150mm -150mm - -250mm -250mm+ TOTAL

1 21 5 3 29

2 44 15 21 80

3 NM 28 10 4 42

3 M 151 47 50 248

4 ) 31 7 9 47
5 ) 9 1 3 13

All 284 85 90 459

p 0.30 Not Sig, at 5% Level.
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CHAPTER 5

THE MAIN CHILD POPULATION STUDY

Following the experience which had been obtained in the pilot

study it was decided to see if impedance tympanometry could be

applied over a large population of children at or about school entrance.

The experience obtained in the pilot study suggested that use of

otoscopy in such a screening programme would' have been difficult

and as numbers involved were expected to be at least over 1,000

children it was important to obtain an estimate as to whether screening

of such a child population was practical. As described before, it is

conventional in England and Wales to screen all school children soon

after school entrance using audiometry which usually means a form of

"sweep" testing. Following the pilot study it was obvious that this

method alone for this group of children could have considerable

disadvantages and as it was possible to use impedance tympanometry

following the availability of portable equipment, the question arcse

as to what results might be expected; whether the method could be

more widely adopted and if the clinical facilities would be over¬

whelmed by the programme.

As has previously been described, the use of tympanometry for

the screening of a child population could result in a high number of

false positives for transient conditions. At any one time 30% of
children at school entrance have been found to have abnormal

tympanograms. Accordingly the following objectives were set up in the

protocol for this survey

1. The question as to whether it was practicable to screen

a large number of children, at least 1,000, using a clerk
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and an audiometrician. A similar situation to that which

would be used for "sweep" testing audiometry,

2. The number of tests likely to be carried out in a phased

programme in order to minimise the number of false

positives due to transient middle ear disorder.

3. The yield of true cases of serous otitis media (SOM) or

"glue" ear that might be expected from such a population.

4. The effect of the number of cases on existing facilities,

especially the Health Authority clinics and the ENT

outpatients.

5. Associated factors, e.g. medical and social history of

the child as discussed in the pilot study.

6. A study of the cases found and whether they were clinically

"worthwhile" and treatable. It was realised from the outset

and from the review of the literature described above and

the pilot study that screening of any kind means setting

parameters to produce a pass or fail situation. Although

interpretation of a tympanogram can be described to an

audiometrician, this still implies some level of

appreciation of what might be considered abnormal. This

formed an important part of the initial discussions and

consultations took place with Dr. Denzil Brooks whose

work has been described previously. It had been

suggested that the presence or absence of the

acoustic reflex might be used as a sole screening test,

the absence of the reflex often being indicative of serous

otitis media (SOM). However, evidence was clearly available

which indicates that using the reflex alone could lead to
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many cases being missedand it would be preferable to

combine testing the acoustic reflex and tympanometry as

described by Orchik et al in Figure A below.

FIGURE A

Comparison of False-Positive and False-Negative Rates with use of
Tympanometry and Acoustic Reflex Measurement Alone or in Combination

Rate Tympanometry Acoustic Reflex Combined
Alone Alone

False-positive % 18 22 10

False-negative % 10 10 0

76 patients prior to Myringotomy
Orchik et al.
Arch Otolaryngol 10.4.78

The type of equipment available was also likely to influence the

parameters that could be set. A Peters AP61 portable impedance

bridge was used, this provides for testing of the acoustic reflex at

500Hz and 2,000Hz from 95-115dBs and also provides for manual

plotting of a tympanogram once the adjustments have been made for

current atmospheric pressure to be balanced with the pressure in the

external auditory meatus.

Following the work of Cantekin et al* it was possible that the

acoustic reflex would have a low specificity which could result in

a large false positive rate and as described in Chapter 3 the work
2

of Freyss indicated the importance of setting the correct level for

pass in the tympanogram. This study suggested a rather low negative

pressure, i.e. -100mm H^O or greater as a fail leyel, but this was
thought to be too low and for the present study -250mm F^Q or greater
was suggested as the pass or fail pressure. The compliance measure

on the Peters equipment would give some indication of the peak value

of the curve although the gradient, as described before, would give
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an idea of the degree of flattening. It was decided that a gradient

of one or less would be the fail level for the compliance and for

the purposes of the survey the gradient would be discounted although

each tympanogram would be looked at by the audiometrician for

flattened curves which were marginal to the above fail or pass

criteria.

Finally, the criteria adopted can be summarised as follows:

The child would be referred to the next stage of screening

if it failed on one or any combination of the following:

(a) A negative middle ear pressure (in either ear) of

-250mm F^O or more,

(b) A compliance as measured on an impedance bridge of less

than 1.

(c) The absence of the acoustic reflex at either 500 and/or

2,000 Hz at levels up to lOOdBs.

It was also decided that the study would consist of three phases

and the same population of children would be studied for each phase

as far as practicable, No children would be added to the study once

it had started.

Phase 1 A staged screening before school entrance,

Phase 2 A staged screening up to six months from school

entrance.

Phase 3 A staged screening about twelve months after school

entrance,

Each phase would consist of the following three stages:

Stage 1 All the children in the survey to be screened. Those

failing in any one of the criteria above to be

referred to stage 2.
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Stage 2 Six to eight weeks later. Re-screening using the

same technique.

Stage 3 Failures at Stage 2 using the same criteria as for

Stage 1 to be referred to the Health Authority clinic.

The Health Authority holds regular audiometric

clinics when it is possible for a teacher of the deaf

to be present to conduct full audiometry- and

tympanometry and a clinical medical officer at the

same time could carry out a clinical examination.

At this stage a decision has to be made by the

clinical medical officer as to whether the child

should be referred for an ENT opinion,

Preliminary Discussions

The survey was confined to children resident in

Worcester County Borough and Malvern Urban District, The total

child population aged between four to five years in

both areas was about 1,600. (County Council estimated).

No attempt was made to randomise the children selected for this

study as it was thought that it would not be possible to contact the

more peripheral parents of that population,

It was found possible to contact the parents of 1200 of these

children for permission to carry out the tests„ Tests were attempted on

1156 children of whom 56 were unable to co-operate sufficiently for the

tests to be completed.

Thus in the end 1100 children, 67% of the relevant population success¬

fully completed Phase 1.

All the General Practitioners in the areas affected were
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contacted and a preliminary meeting was held at the postgraduate

medical centre to explain the techniques and the purposes of the

survey. The ENT surgeons attended this meeting and indicated their

willingness to see patients referrred and also said they would give

priority to a child referred from the survey over their normal

waiting lists. An approach was made to the Regional Research

Committee with a draft protocol for a grant to support salaries and

incidental expenses. This was granted under the Local Organised

Research Scheme. All the Research was conducted under the direct

supervision of the Author.

Pre-School Tests - Phase 1

Contact was made with the children using the health visitors'

registers for addresses. The co-operation level was good except

that in the first stage some 56 children would not wear the head

set or allow a probe to be inserted. This represented 4-8% of the

total. The children who failed Stage 1 were re-tested between 6-8

weeks after and the failures at this stage were referred to the

Health Authority clinic which was held about two weeks after

Stage 2. Referrals to the ENT clinic were seen by a consultant

otologist within a month of referral. The results are summarised

in Figure B overleaf.



- 1UO

Figure B

PRE-SCHOOL TESTS

Children on whom test attempted 1156
Children unable to co-operate 56
Children successfully tested 1100

TESTED FAILED PASSED

STAGE 1 1100 224 876
(100%) (20.4%) (79.6%)

STAGE 2 224 31 162
(20.4%) (2.8%) (14.7%)

STAGE 3 Referred to 11.A. Clinic 31 (2.8%)

Referred to ENT 11 (1.0%)

Operated on 9

Results: Glue ears 9 Grommets 9

Although there had been discussion as to whether all the children

should have been re-screened at Stage 2, this was not thought

practical because of the level of respiratory tract infection in the

population. Re-screening would have only obtained those who had

been added in as a result of eustachian blockage etc, since the

first test. As the purpose of the test was to ascertain which

children were likely to have SOM the screening of those that failed

Stage 1 was thought to be the only practical way of carrying this

out. However, if the screening test had been inefficient then it

seemed likely that further cases originally missed would be discovered

at the next two phases and as will be discussed later, there is some

reason to believe that in fact some of the positive cases with SOM

discovered later were possibly missed on the first screen, As a

general rule if the screening test is the main diagnostic test for a

condition, then providing the test has been found to be reasonably

efficient, a phased screening programme, i,e, applying the same

screening tests to the same population, should gradually eliminate
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cases missed at the original screen. This can be summarised as

follows:

1. Minimising the number of false negatives by a phased

screening programme applying the same screen tests

repeatedly to the same total population, This should

reveal some of the cases missed at each screening; but

it will also be complicated if cases are generated during

the programme, as might be expected with SOM, As discussed

later however it should be possible to distinguish these

by retrospectively reviewing the previous screening

results for each case.

2. Minimising false positives, by using a staged programme

which rescreens those found positive at the preceding

stages. This should eliminate transient conditions as

previous studies have found tympanometry to have a high

correlation with the results of myringotomy - the

definitive test; then a phased and staged programme would

be a practical way of testing tympanometry as a screening

technique on a large population.

Results of ENT Referrals

Nine cases were discovered with SOM or, as described in the

operation notes "glue" ears,

CASE 1 R. Ear L, Ear

Initial Screen: Reflex Testing:500Hz Present Present
95dBs 100dBs+

2000Hz Absent Absent

Compliance: 0,3 0.3
Pressure: -lSOmirf^O ^SOmm^O
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Operation Notes:

Researcher's
Notes:

CASE 2

Initial Screen:

Operation Notes:

Bilateral Myringotomy, Thick glue found in
both middle ears and bilateral grommets

inserted.

This patient was followed up for a further five
years and had three subsequent myringotomies at
which thick fluid was extracted and grommets

reinserted, At the latest OPD he still had a

grommet in situ in right ear and his audiograms
had improved.

R, Ear

Reflex Testing:500Hz

2000Hz Absent

Present
100dB+

1,4

L. Ear

Present
100dB+

Present
100dB+

0.4

-^SOmm^O -^SOmmi^O
Thick glue found in

Compliance:
Pressure:

Right and Left Myringotomy,
both ears and grommets inserted. Patient was

followed up for 18 months before defaulting from

outpatient department. On review hearing was

found to be satisfactory and grommets extruded

CASE 3 R. Ear L. Ear

Initial Screen:

Operation Notes:

Reflex Testing:500Hz

2000Hz

Compliance:
Pressure:

Present
100dB+

Absent

0.3

Present
100dB+

Absent

0.3

Difficult to read due
to flattened curve.

Bilateral Myringotomy. Thick glue described in

right and left ears. Grommets inserted. Further

operations were carried out. One year later
adhesions. Two years later repeat myringotomy
right and left. Left ear dry, right ear glue still

present - grommet inserted, Latest outpatient
report indicates grommets are out and there is still
some reduction in hearing - approximately 20dBs,
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CASE 4 R, Ear L, Ear

Initial Screen:

Operation Notes:

Reflex Testing:500Hz

2000Hz

Present
100dB+

Absent

0,3

Present
100dB+

Absent

0.3

-^SOnuuH^O -ZSOnunH^O
Thin mucus found both

Compliance:
Pressure

Right and left myringotomy,
sides, Grommets inserted. Latest outpatient

report 1980. Audiograms satisfactory. Left TM

satisfactory. Right TM retracted. Tympanogram
indicates there is still a negative middle ear

pressure. Right and left reflexes were present
and compliance was satisfactory.

CASE 5 R, Ear L, Ear

Initial Screen:

Operation Notes:

CASE 6

Initial Screen:

Operation Notes:

Reflex Testing:500Hz Present Present
100dB+ 100dB+

2000Hz Absent Absent

0.3 0,3

-^SOmm^O -250mmH 0
Compliance:
Pressure:

Bilateral myringotomy. Fluid and pus both ears.

Right and left grommets inserted. Adenoids

removed. Followed up for one year then discharged
from OPD,

R. Ear L, Ear

Reflex Testing:500Hz Present Present
100dB+ 100dB+

2000Hz Absent Absent

0.3 0,4

- lSQmm^O ■^SOmm^O
Compliance;
Pressure:

Right and left myringotomy. Mucus plus pus

present both sides. Bilateral grommets inserted.
Follow up 1978. Left grommet had been extruded.
Later that year myringotomy. Fluid present. Grommets
inserted both sides. Follow up is continued in OPD.
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NOTES

All the above on screening represent classic examples of the

presence of SOM. They all have absent auditory reflexes at 2000Hz

but it was noted that they all had reflexes present at 500Hz. It

would appear from this that it is valueless to test at 500Hz, All

had one or other ear with reduced compliance and high negative middle

ear pressure and except in one case they required repeat follow up

and surveillance following ttieir initial diagnosis. These would

appear to be a classic example of SOM with type B tympanograms

which was not going to resolve and which had not been found by other

medical sources. However, there is some evidence that they had been

treated at some stage in their history by their GPs for ear trouble,

but as far as can be ascertained none had been treated vigourously or

referred for an ENT opinion.

CASE 7 R, Ear L. Ear

Initial Screening: Reflex Testing:500Hz Present
95dB

2000Hz Present
95dB

0,3

Present
95dB

Present
95dB

0.3

■ lSOmm^O lSOmm^O
Operation Notes:

Compliance:
Pressure:

Seen in outpatients department following referral
but no treatment given, Operation required one

year after follow up in OPD when R 5 L

myringotomy was performed. Glue was found both
sides. Right and left grommets inserted. Follow
up then occurred for further three years and the
patient was discharged in 1981,
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CASE 8 R, Ear L. Ear

Initial Screening: Reflex Testing:500Hz Present
95dB

2000Hz Present
95dB

0.3

Present
95dB

Present
95dB

0.3

-SOmmH^O -SOmmH^O
Operation Notes:

Compliance:
Pressure:

Bilateral myringotomy. Glue found right and left
ears. Grommets inserted. Listed for Ts and As

later the same year. One year later repeat

bilateral myringotomy. Glue found right and left
ear. Grommets inserted. Follow up for two years

before discharged from OPD,
Researcher's
Notes:

The only abnormality on the initial screen was a slight increase
pressure , other tests being satisfactory, The same conclusion may

be reached as in the previous case. It appears that this was an

early stage of SOM which became progressively worse during the stages
of the screening programme and eventually required operation. The

outpatient department on the first attendance before this screening

programme was commenced stated that TMs were retracted but no

operation was recommended. There was no mention in the notes of
whether tympanometry had been carried out or not.

CASE 10

Initial Screening:

R, Ear L, Ear

Reflex Testing:500Hz Present Present
100dB+ 100dB+

2000Hz Absent Absent

0.3 0,3

~250mmH 0 -2S0mmH_0
2 2

Hospital Notes:

Researcher's
Notes:

Compliance:
Pressure:

OPD notes state that this was a resolving SOM and
follow up was continued in OPD until 1981 when the
patient was discharged.

The case was apparently resolving when seen in outpatients in
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spite of the fact that it would be at least twelve weeks from the
initial screen until the patient would have been seen, However on the
subsequent phases of the screening programme it should be noted that

although this patient had reflexes present at both frequencies she
still persisted with a low compliance and a high negative pressure

up to the time of the last screen.

CASE 11

Initial Screening: Reflex Testing:500Hz

R. Ear

Present
100dB+

2000Hz Absent

0,4

L. Ear

Present
100dB+

Ab sent

1.4

Hospital Notes:

Researcher's
Notes:

Compliance:
Pressure:

Referred to OPD, No treatment was given. It was

noted that the patient had retracted TMs,

^SOmmH^O 250mmH20

On reviewing this case it appears that he failed consistently

throughout all the stages of the initial screening having absent

reflexes, low compliance and high negative pressure. His Health
Authority clinic notes indicate that all these factors were still

present when he was referred to the OPD but that his audiograms
show hearing loss no greater than 15dBs on both sides. We were

unable to ascertain on what criteria further treatment was not given
in the ENT department. The follow up in the subsequent phases of the
screening programme indicated that by the end of the first twelve
months at school he still had high negative pressure and a tendency
towards flattened curves although the reflexes were present in both
ears. This patient is still uqder review in the Health Authority
Clinic.

School Tests - Phase 2

All children in the series were tested within four months of

school entrance. The same population was used and the same staging

of tests as in the pre-school tests. The following figure C shows

the overall result.
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STAGE 1

STAGE 2

STAGE 3

Figure C

SCHOOL TEST

CHILDREN FAILED PASSED UNCO-OP
TESTED

1134

(100.0%)

135

(11.9%)

135 999

(11.9%) (88.1%)

16 119

(1.4%) (10,5%)

Referred to Clinic 16 (1.4% of 1134)

Referred to ENT 15 (1.3% of 1134)

Operated on 11

Results: Glue Ears 10 Grommets 6

The ten cases which were operated on and found to have evidence

of SOM are analysed in detail and divided into two main groups. Group

A shows cases probably missed at previous test. The individual

case histories are described below. However, in view of the

previous findings about reflex testing, a report is not made on reflex

testing at 500Hz, but it may be assumed that all results referred to

are the test at 2,000Hz,

CASE 12

Screening Results

R. Ear L, Ear

Operation Notes:

Reflex Testing: Present Present

Compliance: 0.3 0.3
Pressure: -lSOmmH^O -SOmmH^O

Right and left myringotomy. Right ear, thin fluid,
left ear thick glue. Right and left grommets

inserted, Operation repeated 1981, thick glue
found both sides. Grommets inserted. Review

continues and middle ear deafness of 30-40dBs on

audiometry,

Screening Results Reflexes were absent and compliance was low on the
Ph3.S 6 1 *

1 right side and a high negative middle ear pressure
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was present both sides.
Researcher's
Notes:

On following this through it appears that although referred
from the school screen this case had signs of SOM at the pre-school

screening and the decision not to refer to ENT was taken in fact
at the Health Authority clinic for Stage 3 of the procedure.

CASE 13

Screening Results:

Operation Notes:

R. Ear L, Ear

Screening Results
Phase 1:

Researcher's
Note:

Reflex Testing: Present Present

Compliance: 0.3 0.3
Pressure: -150mmH 0 -150mmH

Bilateral myringotomy. Mucus and pus right and
left ears. Bilateral grommets. One year later

repeat right and left myringotomy. Glue still

present both ears. Outpatient follow up to 1980
satisfactory.

Reflex Testing Present Present

Compliance: 0.3 0.3
Pressure: -250mmH 0

z •^SOmm^O

Decision not to refer to ENT taken at Health Authority clinic,

CASE 14

Screening Results:

Operation Notes:

R. Ear L. Ear

Screening Results
Phase 1:

Researcher's Note:

Reflex Testing: Present Present

Compliance: 0,3 0,4
Pressure: -SOmrn^O -ESOmin^Q

Delayed from original OPD appointment but eventually
bilateral myringotomy carried out. Glue present

right and left, Grommets inserted. Outpatients
follow up to 1978,

Reflex Testing Present Present

Compliance Q,4 1,4
Pressure: r-ESOmnd^O -^SQmm^O

Decision not to refer to ENT taken at Health Authority clinic
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but in this case there was evidence that the condition was resolving
and this may not be a truly missed case but an example of a

fluctuating SOM.

CASE 15

Screening Results:

Operation Notes:

Screening Results
Phase 1:

Researcher's Note:

R. Ear L. Ear

Reflex Testing: Present Present

Compliance: 0.3 0.4
Pressure: -SOmmi^O

Right and Left myringotomy. Mucus present and
grommets inserted. Patient follow up for two

years but then lapsed.

-250mmH?0

Reflex Testing:

Compliance:
Pressure:

Present

0.3

-SOmmH^O

Present

0,3

-lSOmmt^O

Decision not to refer to ENT taken at Health Authority clinic.
The tympanometry results here do not coincide with those at the
screen although the reflexes were still absent.

CASE 16

Screening Results:

Hospital Notes:

R. Ear L. Ear

Screening Results
Phase 1:

Researcher's Note

Reflex Testing: Present Present

Compliance: 0.3 0,3
Pressure: -lSOmmH^O -lSOmmH^

Outpatient appointment. Operation deferred for
twelve months when eventually a bilateral

myringotomy was carried out, Thick glue found
in right and left ears. Follow up for one year.

These showed an absent reflex and high negative
middle ear pressure on the left side.

As in case 14 this was probably a situation where the patient
had a fluctuating SOM which was present at the pre-school screening
stage.
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CASE 17 R, Ear L, Ear

Screening Results:

Operation Notes:

Reflex Testing: Absent Absent

Compliance: 0,3 0,3
Pressure: ^SOmmF^O ^SOmmF^O

Bilateral myringotomy, Thick glue right and left
ears. Adenoidectomy carried out. Follow up until
1981 when possibility of further operation was

still being considered.
Researcher's Note

No previous results were obtained in this case as the child
started school late and his test was in fact carried out in school.

Therefore he may be considered as border line between a newly
dsicovered case and a case present at the pre-school test if it
had been possible to carry it out,

CASE 18

Screening Results:

Operation Notes:

R. Ear L. Ear

Screening Results
Phase 1:

Researcher's Note

Reflex Testing: Present Present

Compliance: 0.3 0.3
Pressure: ^SOmroF^O -lSOmmH^O

Bilateral myringotomy, Right ear glue present,
left ear atrophic TM collapsed. Further operation
two years later. Right myringotomy, grommet

inserted. Left ear cholesteatoma present, removed

by aspiration. Follow up continues, Latest
observation in OPD 1981. Adhesion present in the
left ear. Showing middle ear deafness present both
sides of 30-40dBs.

Reflex Testing: Present Present
Compliance: 1,4 1.4
Pressure: -ZSOmmF^O ^SOmmf^O

On reviewing this case it would appear that he would not have
met any of the criteria for referral at his pre-school tests. By

stage 2 he only had a negative middle ear pressure of about ^OOmmF^O.
It seems likely therefore that he was possibly in the early stages
of the pathology which he subsequently showed. If this is so it
provides an interesting case study in that he was probably an example
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of Harrison's type of cholesteatoma referred to before in which

indrawing and eventual collapse of the TM against the medial wall of
the middle ear is a fore-runner of the condition.

CASE 19 R, Ear L, Ear

Screening Results:

Operation Notes:

Screening Results
Phase 1:

Researcher's Note:

Reflex Testing: Present Present

Compliance: 0,3 0,4
Pressure: -SOmm^O -^SOmm^O

Bilateral myringotomy, Glue present right and
left side. Grommets inserted. Outpatient follow

up for eighteen months when hearing was found to

be satisfactory.
Reflex Testing: Present Ppesent

Compliance: 1,4 1.4
Pressure: -SQmm^O -SOmm^O

This was probably a new caseof SOM which arose after the pre¬

school tests. On reviewing the previous results there would have
been no reason to refer him for further investigation.

CASE 20 R, Ear L. Ear

Screening Results: Reflex Testing: Present Present

Compliance: 0,3 0.3
Pressure ^SOmntf^O ^SOmrn^O

Right and left bilateral myringotomy, Glue and pus

present, Grommets inserted. Atrophic TM noted on

left side. Follow up continued to 1981,

Audiometry satisfactory.
Reflex Testing: Present Present

Compliance: 1,4 1,4
Pressure: -SQmml^O -SOmm^O

Researcher's Note:

There would have been no criteria by which he would ha,ve been
referred at pre-school tests therefore it would appear to be case

arising between that test and school entrance.

Operation Notes:

Screening Results
PVm QP 1 •



- 120 -

Cases Not Operated Upon

An additional six cases were referred to the outpatient

department as having failed on one or other of the criteria, Of

the six cases only one had absent reflexes. The others had character¬

istic type curves, i.e. they had low peak curves with high negative

pressure. The decision not to carry out operations was made in all

cases in the OPD, but in one case an operation occurred later when

it was discovered that perforations were present in both ears. In

this example it was found that the perforations had been long

standing and it had not been possible at the school screening

programme to test the ears because of the impossibility of obtaining

a suitable seal.

The results may be summarised as follows:-

Cases probably missed at first phases of screening
before school entrance = 7

New cases arising = 3

Conclusions appear to be that the weak link in the chain of the

staged screening programme was the decision made in the Health

Authority clinic not to refer to ENT, Had the seven cases been

referred then it is likely that they would have been operated on

earlier. It would appear then that the majority of the cases

detected in this study were already present before school entrance.

Third Test Twelve Months after School Entrance -

Phase 3

Using the same population as before the following results were

obtained as shown in Figure D overleaf.



- 121 -

STAGE 1

STAGE 2

STAGE 3

CHILDREN
TESTED

922

(100.0%)

109

(11.8%)

Figure D

THIRD TEST

FAILED PASSED

112 810

(12,1%) (87.9%)

23 86

(2 t5■%) (9 . 3%)

Grommets Present

3 (not tested)
(0.33%)

Referred to Clinic 23 (2.5% of 922)

Referred to ENT 10 (1.1% of 922)

Operated on 5

Results: Glue Ea,rs 5 Grommets 2

CASE 21

Cases Probably Missed on Previous Tests

R. Ear L, Ear

Screening Results: Reflex Testing: Present

Compliance: 0,4

Pressure: ^SOmml^O

Present

1,4

^SOmnrt^O
Operation Notes: Bilateral myringotomy. Thick glue right and left.

Grommets inserted. Outpatient follow up for one

year.

Previous Screening
Phase 2 -

School Test:

Preyious Screening
Phase 1 -

Pre-School Test

Researcher's Note:

Reflex Testing:
Compliance:
Pressure:

Reflex Testing:

Compliance:
Pressure:

Absent

0,3

Present

0.4

-lSOmm^O -250mmH?0

Absent

0,3

Absent

0.3

-250mmH20 -250mmH?0

On reviewing the history of this case it would appear that there
was ample evidence for the child to be referred to ENT outpatients
on his first test. However, it appears that a decision was made
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after phase 2 of the test not to refer him to the OPD at the
Health Authority clinic. This decision in retrospect appears to have
been a mistake in the light of subsequent history.

CASE 22

Screening Results:

Operation Notes:

Previous Screening
Phase 2 -

School Test

Previous Screening
Phase 1 -

Pre-School Test

Researcher's Note:

R, Ear L. Ear

Reflex Testing: Present Present

Compliance: 0.4 0.3
Pressure -lSOmntf^O -ISOmmH-O

After a delay operation was carried out. Bilateral

myringotomy. Glue and thin fluid. Follow up and
further operation 1981, Grommets inserted.

Reflex Testing:

Compliance:
Pressure:

Reflex Testing:

Compliance:
Pressure:

Absent

0,4

Absent

0.3

-150mmHo0 -150mmH„0

Present

1.4

Present

0.3

-250mmH„0 -250mmH„0

A decision not to refer to ENT was taken at the Health Authority
clinic and was a medical decision although the G.P. was informed. A
similar statement applies to this case as to the previous one.

CASE 23

Screening Results:

Operation Notes:

Previous Screening
Phase 2 -

School Test:

R. Ear L. Ear

Reflex Testing: Present Present

Compliance: 1,4 1.4
Pressure: -^SOmm^O -lSOmmH^O

Bilateral myringotomy, Right ear dry, left ear glue

plus pus, grommet inserted. Outpatient appointments
continued to 1981,

Reflex Testing:

Compliance:
Pressure:

Absent

0,3

-SOmmH^O

Present

0,3

r^SOmm^O
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Previous Screening
Phase 1 -

Pre-School Test:

Researcher's Note:

Reflex Testing:

Compliance:
Pressure:

Present

1.4

-150mmH20

Present

1.4

-150mmH?0

It would appear that this case developed around school
entrance time and the decision at Phase 2 not to refer to ENT was

again taken in the Health Authority clinic. It is possible that
on pre-school testing the child was showing some signs of
eustachian difficulties and this would follow the development of

histopathological stages previously described,
CASE 24 R, Ear L, Ear

Screening Results:

Operation Notes:

Reflex Testing: Present Present

Compliance: 0.4 0.3
Pressure: -5QmmH20 -50mmH20

Bilateral myringotomy. Thick glue right and left
ears. Adenoidectomy performed. Outpatient

appointments continue 1981, Possibility of further
operation considered.

Previous Screening
Phase 2 -

School Test:

Previous Screening
Phase 1 -

Pre-school Test:

Researcher's Note:

Reflex Testing:

Compliance:
Pressure:

Reflex Testing:

Compliance:
Pressure:

Present

0,3

Present

0,3

-250mmH„0 -250mmHo0

Present

0.4

Present

1,4

-150mmH„0 -150mmH„0

The decision not to refer to ENT was taken after the school test

at the Health Authority clinic. It seems likely that this was the
stage when the pathology was developing.

Cases Not Operated Upon

Four cases were referred to ENT, but no further treatment was

given from the outpatient departments, A1 four cases had reflexes

present, two had type C, tympanograms, i.e. high negative pressure

and low compliance, and two had type C tympanograms with high
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negative pressure only. Previous screening results ha,d not

indicated any gross abnormality except for one case which had a

high negative pressure, but normal compliance and reflexes apd wqs

referred to outpatients but defaulted.

Social Factors and ENT History on Phase 1 of the Programme

All the children tested were between four and fiye yeats old

and none had so far started school, The questionnaire that was

administered by the health visitors was based on some of the questions

noted in the pilot study and restricted to those requiring simple
replies.

Sex of the Child

Figure E

Screen Screen
Positive Negative

MALE

FEMALE

84

74

540

464

ENT Referrals

"Glue" ears at

Operation (SOM)

16

7

Significance Tests:
Screen - Not significant "Glue" Ears - Not significant

at p = 0.05 at p = 0.05

The differences found in the results of the initial screen and

the incidence of SOM at operation for male and female children did not

attain statistical significance at p = 0.05 (Chi square test), As in

the pilot study, there was thus no evicence that the incidence of

SOM was influenced by the sex of the child.
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Position in Family

Figure F

Screen Screen "Glue" Ears at

Negative Positive Operation (SOM)

1st Child 422 80 13

2nd Child 337 38 3

3rd Child 141 26 5

4th or later
Children

92 12 2

Significance
Screen

Tests:

Significant at p = 0.

"Glue" Ears Significant at p = 0.05
•56% (13 out of 23) of "Glue" Ears are
First Children.

The differences found in the results of the screen and the incidence

of SOM between the first child and the remainder of the family attained
statistical significance at p = 0.01 and p = 0.05 respectively. This
confirmed the suspicions of the pilot study that the incidence of

SOM was influenced by family position.

This may be related to the susceptibility of the

first child to respiratory tract infection, especially at school

entrance. However at the same time if one accepts the previous

discussions that SOM starts earlier than school then it would point

to a possible problem relating to the birth history etc, of the

first child in the family. Although it was difficult to obtain

clear histories about birth difficulties, where it was obtained

no significant association was found between that and the presence

of SOM. One must assume therefore that these findings are the result

of the first child's susceptibility to intercurrent infection.
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History of Deafness

None

Noticed in

past 3/52

Noticed in

past 12/12

Dont Know

Screen

Negative

930

45

17

Significance Tests:
Screen

"Glue" Ears

Figure G

History of Deafness
From Parents

Screen
Positive

134

"Glue" Ears at

Operation (SOM)

16

12

4

4

1

Significant at p = 0,05

Significant at p<0.001
72% (16 out of 22) cases of "Glue" Ear (SOM)
have not been noted to be deaf in the last
12 months.

The parents were asked whether they had noticed deafness in the

child in the recent past (up to three weeks or up to twelve months),

This produced a highly significant result and it appears that

sixteen of the cases of SOM found at operation had not been noted to

be deaf. Parents often gave reliable histories of noticing children

to be "deaf" which may mean anything from pure deafness to lack of

attention, but it would appear that deafness in this case is not

necessarily noted when SOM is present nor is it predictive of

subsequent development of SOM.
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Treatment by G.P. for Ear Condition

Figure H

Screen

Negative
Screen
Positive

"Glue" Ears at

Operation (SOM)

Yes 246 51 12

No 742 101 10

Dont Know 26 5 1

Significance Tests:
Screen Significant at p = 0.01

"Glue"Ears Significant at p = 0.05

A significant proportion of SOM cases had
received treatment at some time by their
G.P.s.

Specific enquiries were made relating to the treatment of

ear conditions. It would appear that this had significant

association and that a higher proportion of cases with SOM had

received treatment at some time from their G.P.s, In most cases this

ranged widely from ear drops to antibiotic treatment and it was not

possible to obtain detailed and reliable histories and what this

treatment had in fact been.

History of Colds

Screen

Negative

None in past 3/12 312

Yes in past 3/12 680

Don't Know 139

Significance Tests:
Screen

Figure I

Screen
Positive

33

122

24

"Glue" Ears at

Operation (SOM)

20

3

Significant at p ^ 0,001

"Glue" Ears Significant at p = 0.001

85% (20 out of 23) of "Glue" Ears (SOM) have
not had reported history of recent colds.
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A significant association was found on the initial screening

tests and in cases of SOM at operation in which a history of colds

had been given. It would appear that a higher proportion than

expected of cases of SOM did not have a clear history of recent

upper respiratory infection which suggests that this condition may have

been of much more long standing when the screening programme was

commenced. There is a clear anomaly here between this result and the

results obtained in the pilot study, but this can be explained by the

fact that the pilot study was not able to be confirmed by carrying

out myringotomy, nor was it a phased study.

CONCLUSIONS

Figure J

TOTAL Referred to Clinic (AHA) 70

Referred to ENT 36

Number Operated 25
Number with Glue Ears 24

Grommets 17

Number Tested 1100 (over series of
three tests)

Operations 2.2% (24 out of 1100)
Glue found at operation 2.2% (23 out of 1100)
Grommets inserted 1,5% (17 out of 1100)

It can be assumed that the majority of cases of SOM were detected

in this population. The main problem appears however to have been in

what phase the cases should have been detected, The largest number,

18 out or 24, were probably already present before the child entered

school and as has been described, missing cases in phase 1 was

associated with problems at stage 3 of the programme when the

children were seen at the Health Authority clinic, The senior

clinical medical officers concerned with the decision to refer or

not tended to refer doubtful cases to G.P.s for consideration and
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it appears that not all of these were followed through. The direct

referral as followed out for the other cases would have been

preferable. It would appear that only a minority of cases, six,

actually occurred following school entrance and this raises the

question as to what would have been the optimum time to have screened

this population. It would appear that a staged screening programme

can eliminate the transient problems and that impedance tympanometry

will detect persistent cases of SOM as long as there is a staged

programme which minimises false positives and which enables the

workload to be handled by clinics and outpatient departments.

The setting of screening levels in tympanometry may have some

arbitrary features, but it is suggested that providing more than one

screening criteria is used and particularly if the auditory reflex

screening is carried out at 2000Hz, then the combination of tests

is less likely to miss cases than the use of one test alone. It

would appear on this series that the absence of the auditory reflex

was most common amongst the cases detected in the pre-school (phase 1)

series, but that the type C and tympanograms would also be indicative

in some cases of the presence of SOM as well as the more conventional

type B tympanograms (flattened curve).

General Conclusions

There remains the question as to the value of this kind of pro¬

gramme as a routine as part of a hearing conservation programme in

child development screening carried out by Health Authorities. A

properly phased programme can detect SOM and it seems likely that

this would be most valuable in the year before the child enters

school. The few cases of sensorineural deafness which have missed

previous screening programmes would be detected using a
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single high frequency (2000Hz) sweep test, but the much more common

problem of SOM is the condition which should be detected at this

stage. Reference has been made to the non-resolution of the

problem and it would appear that even with surgical intervention

nine of the cases described above required repeated surgery. They

were not cases which would have resolved spontaneously,

The number of new cases arising in this series after the pre¬

school screening was small. A total of four. Screening

in the first year in school would probably detect these as well as

the pre-school children. The advantage of using such a programme

in school is the relative ease with which it can be carried out

because of the integration into the normal school health programme.

If a programme of impedance tympanometry providing a screen for

high frequency pure tone audiometry for sensorineural deafness was

also available it would be of much greater value as part of a

hearing service programme than the present system. It is unlikely

to overload a clinic or an ENT outpatient department. From a

large series it is possible that more cases of cholesteatoma may

have been detected in this way at an early stage. It is difficult

to assess from the present series what the prevalence of

cholesteatoma is, but even if this was repeated at one per 1000

children, it would be comparable to other cases of serious

pathology detected for other diseases. The time taken for

tympanometry is comparable to, and certainly no greater than, that

for conventional sweep testing. In one series (See Appendix 2)

it compared more favourably than conventional sweep testing. Our

own series confirmed these times except with conducting sweep

testing at only one intensity, i.e. 25dBs reduced the average
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time to about 2.5 minutes per child. This still gives a favourable

comparison for tympanometry.

SOM, once it has become established, seems to be a persistent

condition which has long term consequences for children, especially

in terms of hearing conversation and probably learning difficulties.

A staged programme conducted at or about the time of school entrance

can detect most cases and refer them for treatment, A firm

recommendation is made that such a programme should now form part of

hearing conservation programmes and should replace conventional

sweep test audiometry as carried out at present, providing that

there is a good diagnostic service available for the pre-school child.

Further research would be necessary to find out the relationships

for the susceptibility of the first child in the family. However,

as there is an association with a history of deafness, earache and

frequent colds, this confirms the previous findings of others that

SOM which persists starts earlier than the age group on which the

present study has been performed.

A better awareness of the potential of portable impedance bridge

equipment would enable more population studies to be carried out

on the same child population from an early age. The preliminary

results of some programmes indicate that there appears to be a

susceptible group of children who are liable to have persistent

SOM from at least the age of 3 years. This group have added to them

a smaller number who acquire SOM after upper respiratory infections,

At the time of school entrance the picture is complicated by the

addition of transient cases of middle ear disorders due to the

high rate of respiratory infections in the first year at school,

Most of these resolve but a small number do not and these will be
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part of the persistent number present and should be detected by a

staged screening programme.

If the pathological picture of progressive SOM is correct then

it would seem that such a programme could prevent the development

of middle ear deafness in adult life. Perhaps more immediately it

could detect the child with potential learning and social problems

not now being picked up by the present programme of "sweep testing"

audiometry. The possibility of preventing the development of

cholesteatoma as exemplified in case 18 of this series would be

a valuable by product of such a programme.

A fully integrated hearing conservation programme for children

can no longer ignore the routine use of impedance tympanometry; this

study has illustrated how such a programme might be organised and the

value of the results obtained, it has also inadvertantly shown the

persistence of SOM which was missed at Phase 1 and 2 of the programme.

This suggested the value of diagnosis in this programme. SOM in

established cases will persist unless treated.
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APPENDIX II

TIME FOR SCREENING

(539 Children)

IMPEDANCE BRIDGE

Average Time - 1.10 minutes
(Range 0.33 - 4.00 mins)

539 children screened in 25 hours

(including rest, lunch, admin, time etc.)

21 children per hour.

AUDIOMETRIC SCREENING (SWEEP TEST at 20 5 25 dB)

Source. Cooper et al (Univ. of Texas)
Speech and Hearing Disorders 1975
40 p. 260-269.

Average Time - 5.1 minutes
(Range 1.0 - 15.00 mins)

12 children per hour.

91 - Pre-School
82 - 4-5 yrs
63 - 5-6 yrs
303 - 10-11 yrs

Urban children in deprived
area with poor English
language development
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