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ABSTRACT

As a nesult of the roor"ld-wide continuing industnialization and the

subsequent nisirg nurnben of people suffening from noise-induced

permanent hea::ing loss (NIPtiL), industnial medical- officens and

staff membens of audiological centnes find themselves incneasing-

Iy confnonted with the problem of injr:rious noise.

If, therefone, the industnial medical- officen could be given the
means to make the di4gnosis rNIPI-lLr with none cerrtairrty and at an

earlien stage, this r,sould r.:ndoubtedly add to betten hea:ring con-

senvation progranrne nesults and a better plicy as fa:n as neferrafs
to audiological centnes a.ne concerned.

In the present dissertation, a desoription tras been given of an in-
vestigation into the val-ue of the rshont incnement sensitivity in-
dexr (SISI) test fon the diqgnosis TNTPHLT. Ttre study was carried
out anong 716 subjects, selected fnom the employee population of
16 D:tch industnial firms.
In eight ctapters, the aim of the study, the method of irrvestiga-
tion, the equipment used, and the nesults ane discussed.
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Chapter L. INIIRODUCTION

Day after" day, whethen at home or at vrcnk, millions of people all
oven the won1d are exposed to a c::escendo of noise. According to a
nepo::t pr"rblished in 1968 by the Amenican rConrnittee on Envjronmental

Quality of the Fedenal Council fon Seience and Tecturoloryr, between

6 and 16 miJ-l-ion people in the USA wene working unden harrnful noise
conditions. Since the population in the USA nunbens over 200 mi}lion,
ttris means that 3 to B pen cent of that population is in dangen of
falling a victjm to a noise-induced perrnanent hearing loss (NIPHL).

If we take these percentages to apply to the European situation as

weI1, it fol1ows thrat in the Nether:lands, fon instance, with a to-
ta1 population of approx. 13 mil-lion people, 400.000 to l mil-lion
persons would run such a nisk. In Bnitain (nr.rnben of inhabitants:
56 million)r 7.5 to 4.5 mil-U-on people would be affected. Now the
most injr:::ious noise l-evels ane for.:nd in the so-call-ed rmanufac-

tunirg industriesr. fn last yea:rrs rOfficial Handbook of Britainr
(H.M"S.O., 1972) the ntunber: of wot-kens in this secton of industry
is estimated at 8"5 mil-lion. With 4.5 miltion people daily exposed

to injr::rious noiser one out of e\/er5/ two wonkers in the Bnitish
marrufactrr::ing industnies would be a candidate fon a noise-induced
perrnanent hea:ring loss. Calculations fon the Netherl-ands nnde some

yeans ago already pointed to a si:uil-a:n conclusion. Finally, if we

appfy these Amenican percentages to the over 250 million people

living in the EEC countnies, we see tlrat the 7.5-20 mil-lion people

employed in noise-producing industnies will soonen on later have to
pay fon thein choice of occupation in the forrn of a noise-induced
perrnanent hearing loss 

"

This noise hind:rance, experienced both at vronk and elsewhene,

has certain physiological, psychological and sociological effects,
culminatirg i:r an incneased jntenfenence with manrs need fon ::est,
nelaxation, s1eep, and conrnunication, and with his wonk situation.
Moneover:, people al.so tend to produce molte and none injunious noise
in the counse of thein necneational activities. Tn the big cities
of the Western won1d, the waste products of a stil1 nisirrg tiving
standard lite::a11y fonce themselves upon ever5/one who lives there.
At finst, discomfor:t was mainly limited to water:, air, and soil
pollutionr but in the last truo decades the percentage of rnoise
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pollutionr in ou:: densely populated r.rnban aneas has mone than

doubled.

Gnadually, however,, thanJ<s to continuing pness, r:adio, and

TV campaigns, and fnequent protests voiced by a great nlunben of
action groups, the genenal public is becoming awar?e of the fact
that the above-mentioned t5rpes of pollution a:re caused by its,
i.e. the publicts, o\^,n way of life. By and la::ge oun society is
becoming mor:e environment-minded and, although neluctantly, is
beginning to show signs of wi-llingness to submit to fjnancial
sacnifices in orden to attack the problem of environmental pollu-
tion arid to nemove the waste products which the pollutens trave

l-eft behind; waste products which often nernain i-n the envi-::onment

fon a considenable time. Howeven, wLrat people do not, on hardly,
::ealize is ttrat industnial progress is unthinkable without noise.

The acoustician is rrainly interested in the onigin of noise,

in the source from which noise enengy is neleased, and tnansrnitted
thrrrcugh the inrnediate sr:rroundings. The expert on noise prrcblems

nequires information on the composition of the noise, i.e. on com-

ponent pa:rts such as fnequency spectrtrm and intensity. This infon-
nation is needed in orden to be able to take pneventive, techrrical
measunes. In this connection, mention shoul-d be nrade of a necently
published booklet entitled rCode of practice for neducing the expo-

sr.rne of employed pensons to noiser. Acconding to the Jntroduction,
th-is code rdeals with the engineening aspect of the neduction
of noise exposure of employed pensons; it does not include advice

to rnachineny nranufactunens, which wilt be covened sepa:nately, on on

the medical management of noise-exposed pe::sonnel, or on the place

of audionetryt.
The opent on noise pnoblems can registen noise in the forrn of

a series of objective, physical quantities. The psychologist, on the
othen hand, tnies to obtain an insight jnto nnnfs neaction to noise.
He wil-l- attempt, thenefone, to nelate subjective experiences such as

noise annoyance to objectively assessed physical quantities. fn so-
ciological ci.::cles too (sociology being hene defjned as the study of
group behavioun and social ongani-sation) there is a growing pneoccu-

pation with the problem of deafness in rnan, including the problem of
noise-jnduced hear"ing Aoss (Darbyshire, L97 0) .

From a medical point of view, the noise-problem has stil-l- dif-
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fenent aspects, which necessitate a cfeanly different apprrcach.

Thus fa.n, the medical prrrfession has been mostly intenested in the
question of the social consequences of noise-induced hearing loss
fon the individual, and in the question of whethen this condition
will inte::fene with the most vital- firnction of the hearing ongan,

i"e. its capa.city to neceive speech (Lindemon, L969, 1971).

Bnpi:rical research hras shoun ttlat irritation of the heaning

organ, in addition tot inducing t5pical hea:ring phenomena, also af-
fects othen pants of the bdy, and mone especialJ-y the nervous sys-

tem. These non-auditive system responses mainly nesul-t fnom stjmu-
Iation by the auditive system of nervous systems which a:re not pni-
nranily concerned with hearing as such. The noise in question rnay

then be well- under: the rdarnage nisk cniteriont level. Noise annoy-

ance rrEy gneatly affect manrs psyche: apart from distrrrbing commu-

nication, it may also influence the individualts wonk output,
leading to a decnease in output nesulting from a decneased capaci-ty

to concentnate. Recent nesearch suggests, howevo:, that tsimple

tasks carr be aided by noise, while mone difficult on complex ones

a:ne degnadedr (Hockey, 1972).

Noise nay also lead to a diminishing privacy at home. From the

l-i-tenature it is ]oourn that noise can cause a:rtificial nightblind.-
ness, nesulting from the fact thnt the eye - under conditions of
o<tnemely loud noise - is unable to achieve itself to an optimal
dank adaptation. Difficutties rnay also a:rise with negard to colour
vision. At centajn noise level-s, people tend to mention the com-

plementar5z col-ou:rs instead of the actual ones, due to a restnic-
tion of the.field of vision. In many labonatonies, nesea:rch is be-

irg canried out into the extna-auditive effects of noise upon man.

The fir.sto hesitant, steps in the study of the influence of noise

upon the autonomic nen/ous system, u1rcn hormorral chranges, and upon

changes in metabolisn usually come f::orn the secton of psychophy-

siological nesea:nch (T*yter, 1"970; l'leLeh, 1970; PaparelLa, L970).

The study of these extra-auditive influences of noise upon man is
still in an initiat stage.

Howeven, tharks to the continuous research effonts of a gneat

nnny investigatons, mor?e insight has gnadually been obtained into
the physiology of the penipheral hearing ongan.

Fnom this intrrcduction it flray now be clea:r, thnt noise not



only forms a source of stress to. ruillions of peopler tut ttnt it
also pnessrts an inurcnse problem to the tectnricians tfio trave to
corlibat it, ard to the irutrstuial medical of,ficers arrd ttroee at
audiological centnes who fird tlwnselves confnonted with inmeas-

ing nunbers of people with heanirrg conpl,aints.
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Chg>ten 2. TT{E AlM OF TTIE STUDY

In chapten 1 it }ras alneady been mentioned that as a nesult of the

vpnld-wide continuing industnial-ization and the subsequent incnease

in inju::ious noise, the nr-utben of people suffer^ing fi:om NIPHL is
still nising. Not only factory noise, but al-so tnaffic noise and

noise produced jn the counse of leisure-time activities (e.g. by

outboard rotons, laurn mowers, md amplifying equipment) contribute
to these high noise l-eveIs.

Adequate noise abatement nequi:nes an inrnense onganization, of
which the fi:rst task should be to locate, by means of sound meas-

r::rernents, those places and situations whene the prevailing amount

of noise leads to he:.:ning impairrnent jn man. The second step should

then be the neduction of this injr::ni-ous noise to a non-inju:rious
Ievel by means of pneventive techurical- measunes. Sjnce noise - de-

fined as unwanted sound - has a discontiauous character?, it wil1
often be impossible to obtain sufficient insight into the injunious
quality of noise via (shont-terrn) sound measurements, howeven.

This is why r,ucnkens whro are exposed to high noise levels should

be subjected to peniodic audiornetnic ss:eening (identification)
tests.

Of aIt workens entening a firrn, a pne-emplo5nnent audiognam

should thenefone be made so tlet possible future neductions in hean-

ing acuity can be tnaced.

Nowher"e in the raonl-d is nesearch into the rel-ationship between

noise and NIPHL being carrried out on anyth:ing appnoaching a nation-
wide sca1e. In some countniese however, tentative beginnings are

being made with peniodi-c audiometnic tests fon employees wonking in
a noisy environment.

fn the Nethenlands an inc::easing nunben of industnial medical

officers is gnadually begirrning to nealize the impontance of such

tests.
Ths:e is a growing public ar^rareness that even in the pnotec-

tion of his employeest heaning the employo: has centain duties.
Thus, he tns to take pneventive technical measunes to bring inju-
rious noise levels dovrn to the (widely accepted) so-called tdanrage

r.isk cniteniont 1eve1, on, if this pnoves impossible, to supply
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the employees concenned with heaning-prrctective devices.

As a result of these developnents - hastened, certainly, by

the growing fea:n that j-n futune large sums nlay hrave to be pa.id for
the compensation of NIPHL - the nurnben of industnial medical- ser-
vices advocating on penforrning audiometric tests in incneasing.

Evo:y hea::ilg disorder need not be the nesult of exposune to in-
jurious noise.

In the Nethenlands, audiometnic scneening tests a:re usual-ly

conducted by means of a Peekel- continuous sweep fnequency audio-

meten which, at a fixed intensity, checks the fnequency nange be-

tween 250 and 8000 Hz.

If a hearing impairrnent is discovened, a tlreshold audiognam

is made.

Usua11y, the industnial medical- officen (on his assistant)
will only be able to nake an ai:r-conduction audiogram.

If the subject is found to hrave a hea::ing disorden, he will have

to be neferred fon an audiological examination to a well-tnained
official, wonking eithen at the industnial medical senvice on at
a necognized Audiology Centne of a Univensity Hospital. An exam-

ination of this type invol-ves the takhg of a thorough medical

histor.y, special attention being given to the subjectrs EItl'I his-
tory and to data about forrnen and/on pnesent noise exposure"

Aften that, an ai:r-conduction (A/C) and a bone-conduction (B/C)

audiognam a:re made. If these tr,p audiogr.ams strow identical le-
sionsl (i.e. if thene is no gap between A/C and B/C) the diag-
nosis ?sensonjleu::al deafnessr is 1ike1y to be correct.

According to its definition, NIPHL is a defect l-ocated in
the cochlea - which makes it impontant that a pnoper differenti-
ation between fcochfea:rr and rnetrocochlea:rr can be established.

In order to determine the localization of an impaired audi-
tory meclnnisn, a ssries of tests, usually gn:uped into a tbat-

teryr, can be applied.
The auditory pa.thway can be divided into four sections, each sec-

tion being the seat of a fundamental process:

1. nelay of vibnatory energy to the ongan of Conti;
2. conversion of this vibnator5/ ener4gy i:rto a nen/e impulse;

3. relay and integnation of the nen/e impulse;

4" neunal processes giving nise to cognition and association.
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A conductive deafness nefens to malfunction of nuuben 1; a
sensonineu::al deafness nefe::s to nralfunction in one or^ all of the

nemaining thrnee.

In the counse of the years, a numben of tests has been developed

fon the diffenentiat diagnosis reochlea:nr ve:rsus rnetrrrcochlearr,

of which the most impontant ane:

1. the altennate binau::al loudness balance (ABLB) test;
2. the monau::al bi-fnequency loudness balance (MBFLB) test;
3. the shont incr.ement sensitivity indo< (SISI) test;
4. the B6k6sy audiometnic test;
5. the thrneshold tone decay test;
6. the speech discnimjnation test;
7. the loudness discomfont level- (LDL) test.

The aim of the pnesent study is to check whethen the data p::ovided

by an A/C and a B/C, plus a bnief medical- history, plus the nesul-ts

of one or more differential diagnosis tests yield enough inforrna-

tion to nnke the diagnosis INIPI-IL! possible"

A starting-point fon the study is a statement made some yeans ago

to the effect that rnot one of these tests, be it the loudness bal-
ance pnocedunes, the SISI test, B6f6sy audiometry, or threshold
tone decay testirg, is infallibl-e in pinpointing the site of lesion
underlying the auditory abnorrnality unden study; the probability of
cornectly identifying the site of lesion r:nderlying a particula:r
sensorjneural hea:ring disonden is g::eatly errhranced, howevo:, when

the ful-l- ar,r?ay of test nesul-ts is analyzed, nathen thnn when one

bases the audiological impnession on the test finding fnom any

particulan special auditory measunet (Rose, L97L).

Since noise-induced perrnanent hea::jng l-oss is l<rrown to affect both

earls, it is vir:tually impossible to nrake use of the ABLB test.
With the MBFLB test pnocedr::re, the patient makes an equal loudness

balance between troc test f::equencies in an ean having norrnal hear-

ing at one or more fnequencies. Apart frcrr the fact that this test
is difficult to penforrn, the nesulting data do not seem to be com-

pletely neliable.
The tone decay test is a neliable and fnequently used method

for" the detection of netrocochlear pathology. A possible difficulty
may be the divengence of opinion, appa::ent from the literature,
about how the test can best be carnied out; a divengence which,
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consequently, leads to diffenent classifications. The advantage of
the test is, howeven, that it can be penforrned with any convention-
aI t5rpe of adiometen, without additional costs on additional- equip-
ment" A fi::rthen disadvantage is, that fon a proper interpnetation
of the tone decay test a gneat deal of audiological ].rrowledge is
needed. Most industnial- medical officens will- not possess such de-

tailed lceowledge.

In the pnesent study an attempt is nade to answer the ques-

tion whethen, in addition to the A/C audiogram, the industnial me-

dical officer could make use of one of the above-mentioned audio-
logical tests in orden to be able to nnke the dia,gnosis iNIPI{L'

with more certainty. This test pr:ocedune should:

1. be wonkable;

2. be suitable fon any t5pe of audiometen, w'ithout the need

fon additional equilxnent ;
3. be not too time-consr:mjng.

Finally, the resuJ.ts should be easy to j-nterpnet.

As has been said befone, some of these audiological tests ar:e

unsuitabl-e, since they do not offer a ul,onkable procedune, since the
nesults ane difficult to interpnet, o:: since they cannot be camied
out without additional equi;ment. Thus, the making of a B6k6sy au-

diogr^am on a speech audiognam for the deterrnination of discnimina-
tion loss nequines special equipnent. The use of the LDL test is a

very difficult and subjective affai:r, which, moneoven is rmore va-
niable than other loudness tests and tends to be of l-ittl-e value in
patients who are tnbitually ocposed to intense noiser (Priede et aL.,
L97L),

The only rernaining test of the list of seven, the SfSf test,
can be performed with most cornmon t5rpes of audiometens. If not, a

speeial SfSI test adapton is usuall-y suffieient to make the audio-
meter neady for use. ft:nthernpne, the SfSI test is wonkable, easy

to interpnet, and not too time-consuming.

The second ajm of the pnesent study is, therefore, to gain a

better insight into the neliabil-ity of the test. As is the case

with many audiological- examjnation tectuniques, there appea:rs to
exist a dive:gence of opinion among various auttrons in this nespect,

even to the extent of thein voicing more on less contnadictoqT
statements.
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Chapten 3" TT{E SISI TEST

Noise-induced per:rnanent hearing l-oss is a disorder located in the

cochlea, wheneby part of the tni:: cells jn the organ of Co::ti ar"e

either danraged on completely destroyed. Bnpi-:rical neseanch has shourn,

that people who suff* from cochlea:: pathology a:re abfe to penceive

slight diffenences in intensity mone neadily than people with
norrnal hearing, conductive deafness, mixed deafnesse ou some netro-
cochlean disorden.

The SISI test is an approach to the measurement of the earrs

abiJ-ity to detect smal-l- intensity changes at supnattn:eshold levels.
In the SISf test (Jergen et aL,, L959 ), a 1 dB incnement is supen-

imposed on a continuous carrien (pedestal) tone (of the same fne-
quency) set at 20 dB above the pa.tientf s ttr::eshold. The ]istenen in-
dicates when he detects a change each tjme the incnement is rnoment-

anily introduced.
The foll-owi-ng is a bnief neview of the considerable amor.mt of

l-iter.ature on the subject. Ever since Jerger introduced the test 14

years ago, much hras been r,ritben about its value, the genenal ten-
dency being, however, that i-t is an erLnemely wor:kab1e audiological
test pnocedur"e.

Thus, Bleguad (L966) states that rThe SISI test is an jmPor-

tant developrnent in modern audiologT, especially because its basic

design tends to eliminate a ntlnben of sou:rces of erron, and because

it aims fo:: a higher degnee of objectivityr. The same authon firn-
then on emplrasizes ttrat failunes expenienced with this test are not

to be ascribed to the method of testirg as such, but to inadequacy

of the equipment in terrns of nise and decay times and the amplitude

of the incr:ement" [t should be kept in mind', according to Bleguad,
t that even mino:: changes of incr^ement rnagnitude will cause sub-

stantial clnnges in SISI scorer.

Though nrarry aftempts have been made to nake the test mone t:e-

lia-ble in this ::espect, Sanders (L969) reports that 11 dB incre-
ments vnene mone consistent than 0.75 dB and 0.5 dB increments in
distinguishing cochl-ean pathology forrn norrnal hearing on from othen

auditory conditionsr.
Some othen favounable opinions are voiced by authons such as
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Martin (1972): rThe SfSI test is a widely used and valued procedr:::e

fon deterrnining the pnesence of cochlea:r pathologgt; Jantis et aL.

(1964): tTtre SISI test is neconnnended as a routine audiologic tech-

nique in the diffenential diagnosis of abnorrnl auditory functionr;
Ownes (1965): ron the whrol-e, the test appeans highly useful in de-

terrnining the site of lesiont 1 loung et aL. (1967): tThe SISI test
is used widely and is given considena"ble weight in making a clini-
ca1 diagnosis of auditory diso::denst; Harford (1967): tBy way of
interpnetation, even though the SISI test is l-ess than perfect in
pnedictirg the site of lesion, a consensus of investigations sup-

1rcrts the use of the SISI test as a diagnostic tool; it is espec-

ial1y rnrcnthwi-l-e when used in conjunction with othen special audi-
tory testst1, and l{atz (L969): rThe SISf test is valuable in assess-

irg the status of the sensor5/ elements of the cochlal with accurate
pune-tone thneshol-ds, the simplicity and tall-or-nonet chranacter" of
the test nrakes it pa:rEieula:r1y applicable fon r"etarded pe::sons I .

Not all of the l-itenature supponts these high opectations as

negards the SISI test, but the majonity of the author"s ane ver5/

positive about this method of scneening.

The marry positive conrnents on the STSI test }rave been one of
the anguments in favou:: of its selection fon the purpose of the pne-

sent study, as a possible additional diagnostic tool for the indus-

trial- medical officer, a tool to be used fon the diagnosis of
noise-induced perrnanent hea:ring 1oss.
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Chaptgn 4. SEI,ECTION OF SUBJECTS AND FACTORIES

The sample population fon the study of the validity of the SISI

test as an additional diagnostic tool in the diagnosis 'noise-
induced pernranent hea:ring lossr consisted of a total of 716 sub-

jects. At our request, the participating industnial medical offi-
cens had alneady made a pne-selection among the employee population

in or"den to ensu:re that the subjects raould be as much as possible

chosen from these employees l.rpwn to hrave acqui:led a hea:ning dis-
orden due to a noisy wonk envi:ronment. In order to be able to try
out the SISI test fon the assessment of hea:ning losses nanging

from nihil to considenable, a sna11 numbe:: of subjects without
hea::ing disonders wene added as wel-I. People }rrounr to suffer" from

a conductive hearing loss were as much as possible excluded.

The 716 subjects of the study wene selected from the employee

populations of 16 industrial firrns, lcroum (from prion noise mea-

sunements and/or" pnion audiometnic testing) to trave a noise level-

of oven 85 dB (A). Anong these firrns, situated all over the Nethen-

lands, wel?e a nefinery, a car. factory, a factory fon the nnnufac-

tr:re of shiprs propetlers, a typew::iten factory, an el-ectnic light
bulb factorS/, a shipyard, a chocol-ate factory, a rrlool and cotton
mi1I, an iron and metal for,r::d::y, and an engineening wonks. Ttre

subjects came from five lange, sJx medium-sized, and five smal-l-

firrns.
With the assistance of the industnial medical oificers (who

wene eithen employed by the firms concerned on a full--time basis
on who vpnked for^ an industni-a1 medical foundation in charge of the

medical supervision of a nwnben of firrns), 350 employees were se-

lected from the five la:rge firrns (i.e. apprcx. 70 subjects pen

firrn) ) 270 from the six medium-sized firrns (i.e. approx. 45 sub-

jects pen firrn), and 96 fnom the::ernaining five srnal-l firrns (i.e.
approx. 19 subjects pen firro).

Although, owing to the p::evailing ambient noise levelso it
was not always easy to find a room suitabl-e fon audiometnic test-
ing, the difficulty was always ovencome eventually. The following
maximum ambient noise leve1s fon audiornetry rrcoms fon physicians

tnve been taken from a publication by Sataloff (1-966):
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deci-b1es

C scale of
sound leve1 meter

octave band

300-600

45

600-1200

45

1200-2400

50

2400-+800

55

4800-

60
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Chaptm 5. TYPE OF EQUIPMEI{I AND MHI}IOD OF AUDIOLOGI.CAL EXAMII'IAT]ON

Fon all the subjects takirg pa:rt in the study, an air conduction
(A/C) audiogram was made. In the case of the A/C audiognam being

abnormal, a bone conduction (B/C) audiognam was made as well. The

audiometnic screening was car.ried out with a Peekel- D7 continuous

sweep frequency audiometen (calibrated to IS0-R-389 and equipped

with Beyer DT-48-S earphones), with which it is possible to detect,
in a very shor-t timeo the hearing loss an5noha:e in the audibte f::e-
quency narge. Because the frequency sweep is continuous from 100 Hz

to 101000 Hz, it is possible to find smal1 hea:ring loss dips e.g.
noise-induced heaning dips. Howeven, this t5pe D7 audiometer can

also be used for the mone generally accepted method of deterrnining
the hearing ttrreshold on a numben of fjxed fnequencies by intensity
vaniation of the test tone. Both methods can be used without any

nestniction. The nectangular audiognam ca:nd j-s placed oven a lucid
screen. Behind this scneen, a 1ittle lamp with a l-ens indicates in
X-Y co-or"dinates the frequency of the test tone and its dB leve1.

Because the light spot shines also ttrough the audiogram card, the
audiognam can easily be pIotred, without the necessity of neadirg off
scales.
By use of a special cir.cuit, the standard nefenence equivalent thr"es-

hoLd sound plressure l-evel has been made a stnaight Une on the audio-
gnam card oven the whole fnequency range.

The same level is also used fon B/C.

The test tone can be adjusted in steps of 5 dB from + 10 dB to
- 105 dB.

In Appendix A an example of an audiognam card is given.

The fnequency scale lras divisions of tl cm per octave.

The intensity scale has divisions of tl crn per? 20 dB.

The fnequency scale is continuous and pu:re1y logaritlrnic from 100 Hz

to 101000 Hz.

The standardized (IS0 402) octave frequencies a:re indicated by thick
Iines, !25 Hz, 250 Hz, 1000 Hz, 2000 Hz, 4000 Hz and 8000 Hz. The

truo thin l-ines between the octave lines are terts intqrrals.
Also some (outdated) interrnediate fnequencies, pnescribed by IEC

standa:rd 177, are indicated by dots on the audiognam card. fhese fne-
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quencies ane 750 Hz, 1500 Hz, 3000 Hz and 6000 Hz.

In Appendix A two A/C audiograms (1eft ear) made fon one and

the same subject are shoum. But wheneas for" the left diagnam on the

card the so-cal-led toctave methodr (fixed fnequencies) was used,

the right diagnam is the ::esult of audiometric testing by means of
the continuous sweep fnequency method (fixed intensity). 'Ihe enor-

mous advantage of the second method, especially fon the ear'ly de-

tection of noise-induced hea:ring loss, is cl-ea:rly visible. In both

cases, the negistered hearing loss at 4000 and 8000 Hz is 40 dB,

but the octave method lras missed the large dip of 70 dB at about

5000 Hz.

Noise-induced hearing loss manifests itself usually between

3000 and 6000 Hz. As the dip grows langen, the nraximum will- move

in the direction of 4000 Hz, but this does not mean that it also

sta:rts at that l-atten frequency.

The hea:ring loss shrown in Appendix A was, as the subjectrs
medical histony suggests, probably obtained dr.rnirg the ful-fifment
of military servicel whene the employee concerned had to wonk with
heavy montan shells. The onset of the dip prxrbably began at 5000 Hz,

and the dip would not have been detected with a routjne octave

method scneening test, provided tlrat such a test hrad been carrried

out.
Another" advantage of the contirruous sweep fnequency method

oven the fixed fnequency method is, tlrat a patient will have less

difficulty in perceivi4g a continuous tone thran a single tone. The

method hras the disadvantage, howeven, that it is nnrch more compli-

cated tlran the octave method.

In addition to the making of an A/C and B/C audiognam, the

Peeke1 D7 audiometen can also be used fon the per:forrnance of the

Lrischen DLI test, the SISI test, the ABLB test and the Stengen

test (a test fon the detection of pseudo-hypocusis). The audio-

meter has a ne.sking signal of white and pink noise, which is ad-

justable from 0-100 dB in 11 steps.

Since this t5pe of audiometer, as fa:n as we }rrow, is not used

in Bnitain, it seemed a good idea to descr:ibe it in nrone detai-l-.

Fon the purpose of the study, tr,p identical- audiometens (negistna-

tion nurnbers 795/796 and 803/804) have been used. Rrion to the
audiological examinations, both audiometens ws:e calibnated at the
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faetory, aften which arr llfpd) senion tectrnician checked them upon

their SISI test qualities. The only diffenence found waso ttrat for
the audiometer with negistnation nr:nrben 795/796 the time interval
between the 1 dB incnements was 4175 seconds instead of the usually
accepted 5 seconds, wheneas fon the second audiometen (803/804) this
interval- anrounted to 5175 seconds (see Appendix A). 0n all othen

pr:ints, the SISI test on both audiometens met the conrnonly accepted

standands.

Fon each subject an A/C audiogram fon both ears was nrade. The

continuous fneguency tone was pnesented at an intensity of 15 dB in
the range between 250 and 8000 Hz. The subjectrs hea:ring was consid-

ered to be norrnal, if the above-mentioned fnequency nange at the in-
tensity of 15 dB could indeed be heard. The subject indicated success

on failu::e by opening on closirg his uplifted night hand. In case of
deviating ::esults, a thneshol-d audiognam for ai-n and bone conduction

was made. Fon the A/C audiogr?am, masking was only used if the di-ffen-

ence in heaning acuity between both ea:rs amounted to over 40 dB. Fot:

the B/C audiogram, the non-tested ear was contirruously masked as a
r"outine.

After" this audiotogical examination, the subjectfs medical his-
tory was taken, including an IItl'T histony, an occupational history,
and data a.bout subjective hea:ling complaints, head tnaumata, drmg

takingo familial deafness, md leisr:re-time activities (to find out

about possible noise-ex1rcsune) .

The next step was the adrninistr:ation of the SISI-test, aceor:ding

to the pnocedtrre descnibed by Jerger et aL. (L959): The SISI test
onploys a 1 dB incnement supe::imposed on a continuous pure-tone of
the same fnequency, at intervals of 5 seconds. Each incnement ::ises

frorn the steady-state level to a maximum amplitude in 50 mill-isec-
onds, r"emajns at maximum amplitude for 200 milliseconds, and then

decays to the steady-state leve1 in 50 milliseconds.
Fon the steady-state tone, a sensation leve1 of 20 dB was used.

According to Jerger ra latency of 5 seconds between increments is
adequate to pneclude a nhyLhmic clue, yet not too br"ief fon the sub-

ject to pnepare for the next incnementr, a statement which was con-

n) Th" Nethenlands Institute fon keventive Medicine
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firned by us in a pilot study among 10 subjects, the time intenval-
(pnesented at nandom) varying between 2 and 7 seconds. A S-second

interval proved to be a wonkable limit. In the counse of this pilot
study, the suggestion to carry out systematic so-called rcatch

itemst aften the fifth, tenth, and fifteenth incnement of the SISI

test pnocedi:ne in onden to guarrl against false-positive and false-
negative r?esponses was followed as well. The rcatch itemr should

consist of no incnement. We came to the conclusion, that the intnc-
duction of these rcatch itemsr had a negative effect upon the neli-
ability of the test p::ocedune as such, so tlrat it was decided not

to use them fon the actual- nesearch pr^oject.

A thing tlnt clearly emenged from the pilot study, however, was

the impontance which shou1d be attached to the subject of instruc-
tion. Thus, the pne-examination instrtrction was begun w-ith an in-
cnement two or thu:ee times gneater: than 1 dB. If the subject had

rnastered the penception of this increment, then he was told to lis-
ten to an incnement of the same duretion, but of a nuch lowen in-
tensity. He lrad to indicate per.ception of the 1 dB increments, by

saying ty"st on naisirg a firgen. At first, we made use of a two-

charinel- negistnation system, which gave the steady-state tone plus

the incnements as well as the subjectts nesponses on a stnip of
papen" This nesulted in an enorrnous pile of paper, however, so tlrat
this type of negistnation was abandoned in favour of the procedr:r'e

of simply courting the subjectts nesponses.

Subjects with cochJ-ean damage, such as MeniErers disease and

noise-induced hea:rirg l-oss achieved high (positive) SISI scones

(70 to 100 pen cent), while those with conductive and netro-
cochlea:r pa.thology }rad low (negative) SISI scones (0 to 20 per cent).
Scones between 20 and 70 pen cent ar:e most ccnmonly observed in
pnesbyacusis. The ocamjnation was carried out at two fnequencies,

i.e. of 1000 and 4000 Hz.

The entire examirration, i.e. the maf<ing of an A/C audiognam

(arrd sometimes also of a B/C audiogrem), plus the medical history,
plus the SISf test, plus the otoscopic examination (to check whether

the:e was any impa.cted eerumen) took about 40 minutes. In the cases

whene cerumen trad to be nemoved, this was done at least 48 hor:r's

pnion to the audiological ocamination to avoid a thneshold jncnease

in the audiogram due to irnitation of the t5zmpanic mentbnane.
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The examination of the external
sarS/r since it occasionally trappens

glassdor^m ean proteeting natenial- is
rdj-sonderf on the audiogr.am.

auditory meatus is al-so neces-

that a piece of cotton wool on

Ieft, vrhich will- show as a
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Chrapten 6. RESULTS

In total 716 subjects wer:e examined. Table 1 shows the qge distni-
bution of the str-rdy population pen 10-year groups.

IcEls-1
Total number of subjeets exa^mined

age distribution of study population in 1O-year groups

<20 20-29 30-39 l+o-l+g 50-59 >60 total

total number
of subjects
examined

15 1r\ 209 178 123 3T 716

percentage 2.1 21.5 29.1 2l+.9 1T .2 5.2 100

Table 2 gives a genenal neview of the SISI scor-es (both ea:rs) fon the

total nr.rrber of subjects.

IIBLIOTHFf,I NEDf;RI.ANDS INSTITLrI!'T
Y@t Ff.q5vlxT,Eva cEt{Ef gxUNDE Tr{€,

wASr,Er\1AA{$t?8c t6 . LftOrN
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0n the left ordinate the SfSI scone results fon night ears have been

plotted, on the abscissa those fo:: left eans are shortt-r. The SrSI

scores have been expressed i-n percentages of the total numben of in-
cnement presentations. Thus, the 1 dB incnement is presented 20

times, which means that each response, in percentagesr equals 5 pen

cent. Table 2 shows that 452 subjects (n=716) lrad both their ea:rs

tested. Arong these 4521 23 subjects appeared to Lrave a norrnal pure-

tone audiog::am fo:: their left and night ear, whereas the rernaining

429 suffened from noise-induced perrnanent hea::irg loss. The diagno-

sis TNIPHL' has been based on the nesults of an A/C + B/C pr:re-tone

audiogr-am in combination with the inforrnation obtained via the sub-

ectrs medical history.
In spite of the fact that a pne-selection hnd been penforrned

jn ondei: to excl-ude people with a conductive deafness on norrnal

hea:ring, 96 subjects turned out to }rave norrnal hearing on a heaning

disorder^ atr:ributable to a sou:lce othsr thnn noise. These g6 em-

ployees (of whom 50 had a normal- hearing) wer:e excluded from the

study. 0f the 716 employees who onigirnlly forrned part of the study
population, a total of 85 subjects appeared to hrave a norrnal hea:ring

aften all.
Since the aim of the study was to deterrnine the suitabifity of

the SISI test as a quicken and more neliable way of making the diag-
nosis tnoise-induced hea:ring 1osst, it seemed to be a good idea to
pe::forrn this test in a numben of persons with a norrnal pr.r::e-tone

audiognam as well, so thrat the wtrolerangebetween rnorrnalr and tcon-

sidenable hear"ing lossr coul-d be examjned.

Of the 85 subjects with norrnal hearing 23 wene selected fon a
bil-atenal STSf test; fon 1 subject a SISI scone fon the right ear

only was obtained, of 11 subjects only thei:r left ear was tested,
and 50 subjects with norrnal hea:ring for- both ear4s wene excluded

from fiu'then examination.

Fon sixty-tr^o subjects a STSI test was made of the night ear

only, since they suffened from a conductive deafness of the l-eft
ean. For 106 subjects the same applies to the left and night ean

respectively.
To sum up:

SISI test binaunal : n = 452 (6311%)

sensonineural: n = 429

norrnal : n= 23



SISf test right ean only:
sensonineunal

normal

SISI test left ear only
sensorineural
norrnal

No SISI test

-21,-

n = 62 (B16eo)

n=61
n= 1,

n = 106 (1418eo )

n= 95

n= t!

11 = 96 (1314%)

The total nunber. of ea.ns examined was (2 x \52) + 62 + 106 = 1.072

eans. Since the total number of ears (fon 716 subjects) was 1.432,

this means ttrat the results obtained ::efer to 75eo of the ear sample

originally available. The emphasis in the discussion of the nesults

will- be on the data obtained among those employees whose both ea::s

were subjected to a SISI test (n = 452).

Table 3 shows the age distribution, in 10-year gnoups, of the

452 subjects fon whom a SISI scone for both ears was obtained. A
compa:nison with the percentages of tabl-e 1 neveal-s r that the excl-u-

sion of 264 subjects does not fead to a Iar:ge ino:ease in percen-

tage for each age group.

Table 3
Total number of subjects with a SISI score for both ears

Oven 90eo of the subjects examined a::e between 20 and 60 years of
age. This applies both to the entir.e study population of 716 pen-

sons and to the group of 452 among them, fon whom a SfSI scor.e fon

night and left ear was made.

age distribution of study population in lO-year groups

<20 2A-29 30-39 )+o-)+g 50-19 ,r60 total-

total number
of subjeets
exannined

9 95 130 't01 a2 25 \tz

pereentage 2.0 21.O 28. 8 22.3 20.l+ ,.5 100
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Table 4 gives the main data of table 2"

Tab1e i+

Main d.etails of table 2

Of special impontarrce hene are the high SfSI scores, since these

scones only are an indication of the fact thrat the pathological
conditions found a::e cochl-ea:r in chanacten.

The data-processing usually concerns SISI scor"es of 70eo or
nare (Jergen, L959), although some researehens (Jantis, L964;

Outens" 1965) sta:rt with SISI scol?es of 60% or molre, anguing that
a scol?e of t2 positive responses (out of the 20 pnesentations of
1 dB incr^ements) alneady points towarrCs a cochlea.r: invol-vement.

Table 4 shows - as was to be expected - that thene is a very
significant relationship between the nesults obtained fon the
right and the left ea.n (P <<0.001).

In Appendfu B, the results of the pu::e-tone audiometnic testing
have been nepnesented as median audiognams with the corresponding
pencentiles: Pip (first decile), Pzs (first qua:rtile), Pts (third
quantile), md P99 (1ast decile)" P50 (second quantile) nepnesents

the median value. The Figr::nes, with the nelevant Tables, ane also
given in Appendix B"

Figu:res 1-6 show the median audiogrem fon the r.ight ea:o fon
the total- m:rnber of 716 subjects, divided into age groups. Figr.:res

7-I2 represent the same fon the left ea::, wheneas in figr.rnes 13

and 14 the median audiograms are given fon all the night and the
left ea:rs, nespectively. Fr.om these last trro figu::es it becomes

appa:rent, that both ea::s have identical t5pes of disordens. Sound

measunements penforrned at the firrns concenned had alneady nevealed

left ear

,.To I ,ro not exa,nined. total
F{
d
c)

.d
b0

.r{
F{

<70

'r7o
not exemined.

155

d+

l+t

)+o

232

65

20

l+z

96

216

298

202

total 221 337 158 716
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thrat there was no djfference in noise exposure fon the right on the

left ear; on the stnength of this inforrnation it was aheady to be

expected, thenefone, that the injurious effects of factory noise

roould be the same fo:: both ea:ns. Figu::es 15-28 nepnesent the mediarr

audiognams for the 452 subjects - cl-assified acconding to age group -
for" whom SISI scor-es fon both eans wene obtained; figures 1,5-20

give the nesults for" the night ear,, figr.::res 2t'26 fon the left ear,

wher"eas figures 27 and 28 nefer to all the night and all the left
ealrs, nespectively. Hene too, no diffenence between the results fon
the night and the left ear could be found: tig,27 is identical with
fig.13, and fig.28 is identical with fig.1a. From these figunes,
the rgenenal impnessionr as negards the median audiognams for both

groups is very much the same. In othen words: the fact tLrat these

data only neferred to the 452 subjects fon whom a SISI scone fon
both eans could be obtained, did not lead to selection.

Fon the pune-tone audiognams, the hearing losses iri dB at 500t

1000, 1600, 2000, 2500, 3150, 4000, 5000, 6300 and 8000 Hz wene

talcen"

The SISI test was car,:ried out at the frequencies of 1000 and

4000 Hz. Fo:: the data-pnocessing only the SfSI scones obtained at
4000 Hz wene used, however, since at an ea:rlien stage of the study

it had already become appa:rent ttrat at 1000 Hz thene was ha::d1y

any nesponse"

An or:ientatory pilot-study had previously 1ed to the conclusion

thnt, as nega.nds the SISf test, scneening at a langen nrlnben of fne-
quencies lrardly yields more inforrnation, rilreneas it is npne time-
consuming and mone tining fon the subject concerr-red, a fact which

does not add to the reliability of the outcome. Testirg at the fne-
quency of 4000 Hz sesned amply sufficient, the more so, since the

highest peak of the hea::ing dip is usually found arourrd 4000 Hz.

Table 5 deals with the question of whether the age of the sub-

jects tras any influence upon thei:r SISI scones.
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Ie!Ie_2
SISI scores, for six age groups, of the subjects

who bad. both their ears exa,uined

left ear <20 yrs

B"o
g >"?o

<70 >70 n

6

1

1

1

T

2

..{kn 7 2 9

left ear 20-29 yta

H <To

f )70

<?0 >7O n

51

5

11

28

5z

33

At{n 55 39 95

Ieft ear 30_39 ]rrs

H"o
! >?o

<70 >70 n

t+7

10

13

6o

6o

7o

..1hn 57 '13 130

left ear l+O-[9 yrs

E <?o

E >TO

<70 >70 n

30

ll
6

6't

36

65

.r-{kn 3b 6t 101

left ear 50-59 yrs

H"o
| >70

<70 >"70 n

19

3

9

5t

z8

5l+

.Flkn 22 70 92

lefb ear >50 yrs

H <?o

fr'"70

<70 )70 n

3

1

0

21

3

22

r{t<n L 2'.l 25

approx. 10t

appriox. 30t

appnox. 45t

appnox. 60t

appnox. 65t

appnox. 85t

In this tab1e, the SfSf scones for the night and the left ear trave

been set out against each other. Ttre nesults cleanly slw, ttat the
nrxnh-n of people, classified according to age grCIup, with a higlr
SISf scone ineeases with advancirg 4ge.

SISI scone of >,70t fon both eans

<20 yean

20-29 years

30-39 yeans

40-49 yeans

50-59 yeans

>60 years

1 subject out of
28 sr:bjects out of
60 zubjects out of
61 subjects out of
61 subjects out of
21 subjects out of

9

95

130

101

92

25
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SISI scone of >70% fon one ea::

<20 yean 2 subjects out of $ = appnox. 20eo

20-29 years 39 subjects out of 95 = approx, 40eo

30-39 yeans 73 subjects out of 130 = approx. 55eo

40-49 yea.rs 67 subjects out of 101 = approx. 65eo

50-59 years 70 subjects out of 92 = approx. 75eo

>60 yeans 21 subjects out of 25 = appnox. 85%

The conclusion seems justified, thenefo::e, that thene indeed exists
a nelationship between age and SISI score.

The results also point to a difference in STSI scores fon the

night and the left ean. Table 6 shows no diffenence jn this respect
fon the youngest age group, but the nrmrben of people belonging to
the olden age gloups whro achieve a SISI seore of 70eo on mone fon
the left ean but not fon the night ean clea:rly nises with incneas-

ing age. Fon subjects 60 years and over. this does no lorgen apply.

Tabte 5

Pereentage of subjeets
with a SfSf

- d.ivid.ed. into six age groups -
score of 7O% or more

age group right ear ].eft ear

<20 yrs
20-29 yrs

30-39 yrs
)+o-)+9 yrs

50-59 yrs
>50 yrs

1Z

35

,+
O+

7o

8B

ZZ

hr

,6
65

75

8l+

Anothet^ question studied was the existence of a possible nel-ation-
ship between the pune-tone hea:ring losses in dB at 4000 Hz and the
SISI scor:es. Tabfes 7a arrd 7b give the results fon the night and

the left ea:: for: four. classes of SISI scones"
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Table 7a

Relationship between four classes of SfSf scores and
pure-tone hearing losses (right ear) in d.B at )+OOO ltz

IcElg-IP
Relationship between four classes of SISI scores and"
pure-tone hearing losses (fet't ear) in d.B at I+OOO ltz

hearing l-osses
in d.B at I+OOO ttz

SISI seores total nr:mber
of subjects000 oor/065 070 / 095 i00

15
20
25
30
35
l+o

)15

5O

5'
5o
55
7O

75
8o
8:
9o
95

t+j
5
\
1

I
2
2
2
'l

1

63
12
\

11

10

9
3
tr

l+

1

1

1

Z

2

2

.1't

l+

11

9
13
\
B

7
3
5

3

1

1

1

2

T
3
9
T

12
16
10
13
23
26
18
13

T
)+

3

2

126
2q

28
28
3T
31
23
27
31
5L
22
14

9
'r
5

:
b

tota]. 66 130 83 173 \sz

hearing losses
ln dB at I+OOO itz

SISI scores total m:mber
of subjeets000 oo5/ 006 070/ o95 "100

1'
20
25
30
35
)+o

l+,

50
55
6o
65
To
T'
Bo
8j
90
95

39
1

2
3
3
5
1

I
1

55
11

t1
9

10

9
5
\
3

1

1

1

:
1

6
q

l+

21
10

9
11

6

T
'l

3

1

3
3

3

6
3

9
12
12
15
19
25
20
28
11

8

2
1

2

106
20
d+
l+z

35
35
33
30
35
21

32
13

9
q

5
1

6

total ,T 123 93 179 l+>z
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There seerns to be no clean di-ffenence

night and the left ear,. For the night
452 (56eo) achieved a SISI scor.e of 70eo

left ear was tested, this nurnber. rose

as was the case when the nelationship
was studied, the m:nrber. of left ear"s

between the findings fon the
ea:r 256 subjects out of the
oll flrore, wheneas when the

to 272 (o:: 60e,). Ha:e too,
between SISI scores and age

with a higher SISI scone ex-

ceeded the nr:rnben of r.ight ears.
From tables 7a and 7b it funtherrnore becomes clea::, ttrat ap-

prox. 2\eo of the subjects tested achieve a SISI scone between 5%

and 65%. Some of these nesults may trave to be ascnibed to pnesby-

acusis 
"

The findings fon both the night and the left ear indicate,
tlnt spprox. 40eo of the subjects ocamjned could hea:: the enti::e
senies of 20 1 dB incnements pnesented to them. Tab1es 7a and 7b

form the basis fon table B.

Table B

Relationship between successive categories of pure-tone
hearing losses in d.B at I+OOO Hz and the corresponding

nr:mber (and. percentage) of subjects, for eaeh category,
with a SISI seore of 7O% or more, for both ears

hearing l-ossbs
in dB at I+OOO tlz

total- m:mber
of, right ears

SfSf score
rieht ear

total m:mber
of left ears

SISI score
left ear

n d
lo n o

/0

1'
20
2'
30
35
l+o

l+5

50
55
5o
6,
7o
T'
8o
85
9o
95

126
25
28
28
37
31
23
27
31
32
12.

1)+

9
7
6

6

18

7
20
16
)q
20
18
20
26
31
21
13

B

5
l+

)+

1l+.3
28. 0
71.)+
57.1
67.6
6+.5
78.3
T\.1
83.9
96.9
95.9
92.9
88. 9
71.)+
65.'r

56.7

105
20
d1
\z
35
35
33
30
35
21
32
13

9
q

5

1

6

12
o

10
30
22
21
26
25
32
21
31
11

9
3
5

1

5

11.3
)+0. o
\t.l
71"h
52.9
60. o
78. 8
83"3
91.)+

100. 0
96.9
8)+"6

100"0
50. o

100.0
100. 0
83.3

tota]- \>z 256 )+52 272
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Table 8 gives the relationship betv,reen successive categonies of pure-

tone hearing losses in dB at 4000 Hz fon the night as well as the
l-eft ear bna tne conneslrcnding nr-unben (and pencentage) of subjects

with a SISI scone of 70% or ilpr€. It appea::s thatr at a hea:ring loss
of 25 dB for the right ea.:r and of 30 dB fon the left ea:r, the pen-

centage of people with a positive SISI scone suddenly nises consid-

erably" This percentage appnoaches alrpst 700%, and dnops again when

the hea:rirg loss negistered neaches a value of over 70 dB (rnainly

obsenred for" the right ea:n).

A (cautious) conclusion could be, that the SISI test functions

tiest in those cases whene the hea:ring loss lies between 30 and 70-

75 dB at 4000 Hz.

As tras ah"e-ady been said at the rreginning of this chapten, the

study population consisted of 452 subjects fon whqn a SISI scone

for both the night and the Ieft ear could be obtained. In addition,
thene were 106 strbjects with a SISI scone fon thein left ean and 62

subjects with a SISI scone fon thein night ean, so that the total
study rnater:iaI included 514 ::ight eans and 558 left ears.

Tables 9a and 9b show the r:elationship - for the right and the

left ea:r, nespectively - between zuccessive categonies of pure-tone

hearirg losses in dB at 4000 Hz and tlrnee classes of SISI scores.
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Tab1e 9a

Relationship between successive categories of pure-tone
hearing l-osses in d.B at I+OOO Hz and the correspond.ing
three classes of SISI scores.for the total of right

ears exannined

Table 9b

Relationship between successive categories of pure-tone
hearing l-osses in d"B at )+OOO Hz and. the correspond.ing

three classes of SISI scores. for the total- of Ieft
ears exa,mlned,

hearing l-osses
ln clB at I+OOO ttz

SfSI scores
total number
of subjects.<20%

n l%
25-65%

oln
>.70%

nl%
15
20
25
3o
35
)+o

\,
,0
,5
6o
55
7o
T5
Bo
85
90
95

91
1l+

10

,
5

,
)+

3
\

1

-

1

:

68.9
)+2. )+

31 .3
16.7
8.9

12,8
1r.\
9,7

10.5

l+,2

r r+l:

25
9

7
9
o

Z
)+

3
2

"l

1

2
1

2

19,7
27.3

23.3
20.0
23.1
7.7

12.9
t.v
,.6

5.g
11.i
28.6
1l+"3

25.0

15
10
22
18
32
25
20
2)4

31
3)+

t3
16
I
5

5

;o

11"\
30. 3
58. 8
50. o
71. 1

5\. t
76.9
77 .)4
8r.6
9\. )+

95.8
th. 1

88.9
71.)+
71 .l+

75.0

132
33
32
30
)+j

39
26
31
38
36
d+
1T

9
7
T

I
total- 1\2 78 29\ 51)1

hearing losses
in d.B at I+OOO ltz

SISI scores
total number
of subjeets<20/,

n l%
25-55%

oln
>,TO%

nl%
15
20
25
30
35
l+o

)+5

5o
5'
5o
55

7o
75
8o
B5

9O

9'

8l+

8
I

10
10

B

3
3

I
1

I
1

55.7
29.6
2T "6
18" 

'2O.l+
20"o
7.9
8.3
9.2

o.5

1l+

ll+.3

3

27
7
8

9
6

9
6
3
2

1
,l

1

l
1

21.)+
25.9
27"6
16.7
12 "2
22,5
1 

'.88.3
)+.7

2.6
o.5
9.1

1)+. 3

r rrls

1'
12
13
35
33
23
29
30
3T
28
3B
1)+

10
q

6
2
5

11,9
l+h. )+

)+l+.8

61+. B

67.3
57,5
75.3
83.3
86.0

100.0
97.\
8'r "5
90.9
71"1+

100"0
100. 0
'l 1 .l+

126
27
)o
5l+
\g
l+o

38
36
\3
28
39
16

fi
7
6
2

7

total 1)+1 8z 335 ,,8
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Of the 514 right ea:rs examined, 294 (or 57eo) achieved a SISI scot?e

of 70eo o? more, as against 335 (60%) out of the 558 left eans.

Again, the percentage obtained is slightly highen fon the left ea::.

Table 10, based upon tables 9a and 9b taken togethen, gives

the nezults for the total nurnbe:: of eans J072) examined.

Table 10

Relationship between successive categories of pure-tone
hearing losses in clB at 4OOO Hz and. the correspond.ing
three classes of SfSf scores for the total of right

anti left ears exa,mined

Out of the tA72 ea:ns, 629 (or 59eo) achieved a SfSI scone of 70eo or
mone. Hene again, the SISI test proved to be most successful fon

the category of people with hea:ring losses at 4000 Hz nanging be-

tween 30 and 75 dB.

From table 10 it can funtherrnone be seen, that fo:: 160 ea:rs

(!59") a scol:e was r^eached between 25 and 65eo, wheneas fon 283 ea:ns

(26e,) the SfSI score equalled 20eo or 1ess, These pereentages (15eo

and 26eo) hrave mainly to be ascnibed to the lower dB losses.

The SISI test functions almost at its optimum for: those cases

whene the pr::re-tone hearing losses at 4000 Hz l-ie between 60 and

hearing losses
Ln dB at 4ooo uz

SISI scores
total mmber
of subjeets<20r,

nl %

25-55/,
n1/'

>t7O%

nl %

1'
20
2q

30
35
l+o

l+j
,0
55
6o
65
70
T5
80
85
9A
95

175
22
18
15
1l+

13

T
6
8

.
I

1

1

1

1

67.8
35.7
29.5
17.9
1)+,9
16.5
10.9
9.0
9.9

1.6
3.0

7.1
7.1

o.t

53
16
I

16
1'
18
I
T
q

2
1

2
a

3
1

3

20.5
25.7
13. 1

19"0
15.0
22"8
12,'
10. \
6.2
3.1
1.6
6.t

10"0
21 "t+

"t .7

20.o

30
22
35
53
65
)+8

\g
5l+
58
6z
ot
30
18
10
1'1

a
11

1115
35.7
,7 .t+

6s.t
5g.t
60. 8
T6,T
80.5
8l+"0
96.9
96.8
90.9
90.0
T1 .4
Bl+"5

100. 0
73.3

258
5o
5t
B)+

9l+
T9
6l+

67
81
6l+

53
55
20
1)+

13
2

15

total 283 160 629 1072
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75 dB. Oven 90eo of the subjects in ttr.at category has a SISI sco::e

of 709o on molle.

Note: The outcome of ta hund::ed per centr fon the SISI scone of 70eo

on more r-s probably due to the small ntulrben of subjects (2)

with a hearing loss of 90 dB. (tabl-e 10)

A pune-tone heaning loss at 4000 Hz of 30 dB seems to be the rlows:

Iimitf for a positive SISI score, alttrough in some subjects with a
Iowen hearing l-oss a high SISI scone fon one o:: both ears was ne-
gistened as well.

IclIe-11
Cross tabulation of three categories of pure-tone

hearing losses in ttB at \OOO Hz

t{
d
C)

-P

b0
"-lt{

<70

>,TO

n

left ear

t{
E <70
D

fl >To
.rtt{n

Ieft ear

h
3 .ro

JJ

fi >70
'tn

left ear

<70 >.'(O n To >.TO n <70 >.TO n

T9

3

1

I

BO

10

6

1

5

1

11

2

1 2 3

Bz B 90 T 6 13 1 Z 3

right ear 15 dB
left ear 15 dB

right ear 20-30
].eft ear 15 ciB

right ear >35 dB
left ear 15 dB

t{
cd
o
P
b0.ri
t{

<70

>70

n

left ear

${
d
o
+)s
b0.rl
${

<70

>.7 0

n

left ear

tu
do s70

!

fo zro
.r{
l.t n

Ieft ear

70 >r7O n <70 >rT0 n <70 >.TO n

8

)+

1

5

9

10

15

)+

2

15

18

19

7

2

)+

17

11

19

12 7 19 20 1T 37 9 21 30

right ear 15 dB
left ear 20-30 dB

right ear 20-30 d-I
left ear 20-30 dI

right ear >35 dB
left ear 20-30 dB

H
do <70

J-)

fi >.7o
.rltrn

left ear

tu
do <70
l.)

6 >.To
.rlt{n

l-eft ear

tr
d
o
P
b0.ri
S{

<70

>70

n

left ear

<70 >.70 n TO >.TO n <70 >;T O n

7

7 3

7

10

6

5

2

18

8

23

25

14

7

165

33

179

1)+ 3 17 11 20 31 30 172 212

right ear 15 dB
Ieft ear >35 cIB

right ear 20-30
left ear )35 dB

right ear >35 dB
left ear >35 dB
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In table 11 the SISI scones fo:: the r"ight and the l-eft ean have been

set out against each othen.

In the fir-st eolumn, the heaning losses fon the night ear ane

seen to stay at 15 dB, wheneas those for the left ea:r nise fnom 15

dB, via 20-30 dB, to 35 dB or mcre.

The second colunn shows the hear:ing losses fon the right ear

which this tjme stay at 20-30 dB, wheneas those fon the left ean

again range fncm 15 dB, via 20-30 dB, to 35 dB or more.

The thi-rd colunn, finally, gives the hea::ing losses for: the

night ear whrich stay at 35 dB or llrcue, wheneas ttrose fo:: the left
ear rise from 15 dB, via 20-30 dB, to 35 dB Qlr mone.

One of the firnthen nesults showrr in this table is thrat 7 out

of the 90 subjects with a bilatenal rhea.ning losst of 15 dB (7.8%)

succeeded in achievirg a SISI scone of 70eo or Inore. (It is in fact
not quite cor^:rect to tal-k about a thearing lossr of 15 dB, since the

pr.:::e-tone audiometnic testjng was can:ied out at 15 dB; thenefore,
it is not impossible ttr,at fon some people the ttrreshold was actually
l-owen thnn 15 dB. )

Of the 212 subjects with a bilatenal hearirg l-oss of 35 dB on

more, 165 (77"8eo) succeeded in achieving a high SISI score fo:: both

ears. T\uenty-six subjects wittrin this category (12e") were unable to
achieve a positive SISI scol?e, Lroweven.

Founteen subjects with a bil-atenal- hearing loss of 35 dB on

rnore marEiged to achieve a positive score fon their night, but not

for" thein left ean; fon seven subjects, the neverse was true.
In the categony of bilateral- hea::ing losses of 20 dB, 25 dB, on

30 dB, about as many SISI scones oven 70% as unden 70% wene found:

15 out of 37 (40e,) and 16 out of 37 (43%), nespectively.
There ane cases, therefone, of a bilateral hearirg loss of 35

dB on more, wher.eby the subject achieves a positive SISI sco::e fon
one ean, and a negative SISI scone fon the other. Cases whicho on

the strength of audiometnic and case history evidence, hrad been la-
bell-ed rNfPHLr.

Why, this can be so is not ]<ncvm. A possible explarration may be

ttnt fon the ean fon which a negative SISI scor?e was obtained, a
different aetiology neventheless ocisted.

Scrne autho::s interpnet a SISI scol?e only then as rpositiver

- i.e" as pointing to cochlear patholory - if the score achieved is
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70% or mone. Othens, howeven, a:le of the opinion that a SISI scone

of 60% on more alneady forrns a clea.r" indication of a cochlear defect.

Tabl-es !2a and 12b show the nelationship (fon al-l the night ears

and aLI the left ears, nespectively) between successive categonies of
pu::e-tone hearirg losses in dB at 4000 Hz and thnee classes of SIST

s@res.

Tab1e 12a

Relationship between successive eategories of pure-tone
hearing losses in d.B at \OOO Hz ancl three classes of

SISI scores for the total of right ears examined

hearing Losses
in d3 at 4ooo ttz

SISI scores
tota]- m:mbev
of subjects€0%

nl/,
25-55%

n
I

of
lo

>Aor,
nl f'

1'
20
25
30
35
l+o

\s
5O

55
6o
6j
TO

>r75

91
14
10

5
l+

5
l+

3
h

1

;

68.9
l+e. )+

31.2
16,6
8.8

12.8
15.3
9.6

10. 5

l+ ,l

3,2

20
8

h
6

9

3
3
1

1

6

1r,1
2\.2

13.3
13. 3
23.O

9"5
7,8
2,7

5"8
19.3

21
11

22
21

35
25
22
2'
31

35
23
16
d+

15,9
33.3
68.T
70.0
7T .7
5\. r
8l+.5
Bo"6
81.5
97.2
95.8
9\ "t
77.\

132
33
32
30
l+5

39
26
31
38
36
d+
17
31

total 1)+2 6t 311 51l+
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Table 12b

Relationship between successive eategories of pure-tone
hearing losses in dB at I+OOO Hz and three elasses of

SISI scores for the total of left ears exa.mined.

A ccrnpa:rison between tables 9a and 12a shows that 17 subjects be-

longing to cl-ass 25-65eo in table 9a ane now to be found in the class

of 60eo and npne of table 12a. Likewiseo 16 subjects belongirg to the

class 25-65eo of table 9b are now in the 60% and nor:e class of table
12b. This is a nelatively snall- shift of 294 to 311 subjects (ap-

prox. 6eo) fon the night ean and of 335 to 351 subjects (approx. 5eo)

fon the left ean, so that the conclusion seems justified, that for
pr:actical purposes it probably does not matten much whether the

Iimit fo:: a positive SISI test is set at 60eo and nor:e or" 70% and

Inolte.

Table 13, fina1ly, gives the nesults of tables !2a and t2b
taken togethen.

hearing l-osses
in clB at )+OOO ttz

SfSf scores
total m.imber
of subjeetslzo%n 1%

25-rrr,
n ol

/o

>.6o/o

nl/'
15
20
25
30
3'
l+o

)+5

5o
,5
6o
55
70

>.75

8l+

B

8
10
10
I
3
3

1

1

Z

55,5
29,6
27.5
18.5
2o.l+
20. 0
7.8
8.3
,._,

5.2
6.0

19

7
7
I
5
B
)+

2

1

3

1r.0
25.9
2l+ ,1
1l+. B

10.2
20. 0
10. ,
5.5
u-,

6.2
9.0

23
12
1l+

35
3)+

2Lt

31

31
37
28
39
1l+

28

18.2
I+l+ . )+

\8. z
65.7
69.3
60. o
81 .5
85. t
85. o

100. 0
100. 0
Bt.s
85. o

126
27
DO

)4
t+g

l+o

3B
36
)+3

28
39
16
33

total th1 66 311 5r8
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I3!1e_13
Relationship betveen suceessive categories of pure-tone

hearing losses in d.B at I+OOO IIz and. three classes of
SfSf scores for the total of right and. left ears exa,mined

hearing Losses
Ln dB at )+ooO ttz

SISI scores
total number
of subjects

<20f,
nl/"

2r-55%
n d

>,6o/'
nl r,

15
20
25
30
35
l+o

)+5

50
55
6o
65
TO

>.75

175
22
1B

15
1)+

13

T
6
8

;
1

3

57.8
JO. b
29,5
17.8
1l+. B
16.)+
10.9
8.9
9.8

1.5
3.0
)+.5

39
15

7
12
1't
1T

)+

,
5
1

2

9

15 .1
25.O
11.)+
1)+.2
11 .7
21.5
6.2
7 ,)+
6.t
1.5

6.o
1l+. o

4l+

23
36
57
69
\g
,3
56
6B
63
5z
30
52

17. o
38.3
59.0
67.8
73. )+

6z.o
Be.8
83. 

'83.9
98. i+

98.)+
91.0
8t .z

258
6o
6t
8)+

9)1

79
6+
67
81
6+
63
33
6l+

tota]- 283 127 662 1O72

This table shows, that the shift of 629 (i.e. the subjects belonging
to the class of 70eo and mone in the tables 9a and 9b, taken togethen)

to 662 (i.e. the subjects of the class of 60% and mone of table 13)

is fon 60 pen cent the nesult of pu::e-tone hea::ing losses of less
than 35 dB.

F\r::therrnone, 59 pen cent of the subjects with pune-tone heaning

losses of 25 dB are shoum to achieve a SISI scone of 60e, and mone.

Fon the category of pur:e-tone hea:ring losses between 25 and 40

dB at 4000 Hz, about 65 pen cent of the population sample achieves
a SfSf scone of 60eo and mone. For. the category between 45 and 75 dB,

this per"centage is about B8eo.
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Chapten _1" COMP,ERAT.IVE S'4]DY

In ords: to be abl-e to deterrnine whethen fon the diagnosis rnoise-

induced permanent hearing lossr one diffenential auditory test would

be sufficient on whethen it would be necessarlz to carrS/ out troo or
thrree additional tests, it was decided to tqy out two other tests
for the detection of cochlea:r pathology (i.e. e6k6sy audiometr5z and

the tone decay test) in addition to the SISI test.
Thanl<s to the co-openation of Prof .G.A. Sedee (Head of the EI\XI

Depa:rtnent of the Univensity Hospital, Utnecht) 12 patients who at-
tended the Otol-ogical Policlinic could be selected who wene willing
to act as subjects. Initially, an A/C an g/C audiogram was rnade and

a SfSf test camied out by means of a Petens Clinical Audicmeten.

Fon the e6k6sy audiognam, an fnteracoustics B6k6sy Automatic Audio-
meten, model H-3, calibnated to fSO-1964 standards and equipped

with FDH-39 earplrones was used.

Using the fixed fnequency tecLrrique at a speed of 5 dBlsec",
2r1 pulses/sec., 30 seconds pen fnequency, automatically six fne-
quencies (500, 1000, 2000, 3000, 4000 and 6000 Hz) wene tested in
ascending order.

Both the pulsed (blue) and continuous (ned) tones wene pnesent-

ed, eaeh fon a peniod of thrnee minutes fon each ear: in each case,

the pulsed tone was pnesented first.
fhe B6k6sy Type II audiognam is chra:nactenistic of cochlear pa-

thology, such as NIPFL and MeniEnets disease. In the TSpe II audio-
gnam the continuous (C) tone th::eshold selx::ates from the peniodi-
ca1ly interrrrpted (I) tone around 1000 Hz. The sepa:ration usually
does not exceed 20 dB.

In addition, the amplitr:de of the continuous tnace ndrrows

considenably to 3 to 5 dB,

The fixed fnequency TSpe II tnacing neflects a similan nela-
tionship in which sepa::ation occurls for: mid- and high fnequency

only"
Aften the C trace stabilizes 5 to 20 dB bel-cr^r I, the tr,lo curves

toavel mcl?e or? less pa:naIle1. TLre amplitude of the C tuacing is ne-

duced in nelation to f.
The B6k6sy Tlpe I audiognam shows ari interweavirg of I and C
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tlr::estrol-ds thrroughout the audiognam. Norrnally, T\ape I audiognams

tlpjfy norrnal hea::ing and l-esions of the middle earl, but about 47eo

of atl Type I audiogr:ams ane obtained from subjects with pnesurnably

cochlea:: pathology and sensoninetr::al- loss of unlaror^m aetiology
(H,tghes" L972) " A tone decay test was penforrned as wel1"

Abnorrnal th::eshold tone decay is a symptcrn associated with
::etrocochlean lesions, such as an acoustic neuninorna. This differ-
ential audito::y measune nequines the use of a conventional audio-

meten only"

The purpose of the test is to determine the diffenence between

the patientrs tlrreshold and the intensity l-eveI at which the patient
can continuously perceive a pure tone for sjxty seconds. To this end

a continuous pu:re-tone signal is initially detivened at thu:eshold

l-evel and is then incneased irl 5 dB steps, as needed, to maintain

its perception. The length of time ttrat the pa.tient perceives this
sigrral at each intensity 1evel is carefully monitoned with a stop-
watch.

A tone decay of 30 dB on l-ess is consida:ed to neflect a
cochl-ean^ Iesion. Rapid adaptation in excess of 30 dB is most fne-
quently encounte::ed among patients witfr eight nerve involvement
(Mattin, 1971),

This tone decay test could be ca:mied out by the above men-

tioned fnteracoustics e6k6sy Automatic Audiometen, ovring to the

fact that a special set had been built-in for" the purpose"

Fo:: the takrng of the patientrs medical histony, special atten-
tion was given to otological data, the factor^ tnoiser, and subjec-

tive hearing complaints. The rotologic histoqTr ccntpnised the fac-
tors hea::ing trouble, pail jn eans, nrnning e!.rs, ean operation,
ean accident, tnaunn of s}c-r11, infectious diseases, toxic drugs,
heneditary deafness, pnevious and pnesent tinnitus, vertigo, and

headache caused by noise" The tnoise historyt concentnated on ques-

tions about previous and pnesent job activities, military tnaining
(snall- arrns and arbillery), air fonce tnaining, ain base shooting,
hunting, and e>rposune to oplosions.

The subjective heani-ng complaints inventony dealt with ques-

tions such as the patientsr eval:ation of thei:r ovar hear:irg, thei::
estimate of thein degnee of hearing tnndicap (if ttrought to be

pr:esent), the difficulties encountened when talking with someone
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else in a quiet and in a noisy surror:nding, the patientsf speech

hea:ring capacity when atrendirg a chr.:::ch senrice, a meeting, a thea-

te::, on a birthday pa:rty, and when listening to ::adio or television.
In Appendk C, the A/C and B/C as well as the B6k6sy audiognams

fon these 12 subjects ane given.

0n the foI1or^ring pages a bnief rprofiler is given of each of
the 72 patients concenned. The data include some medical history
findirgs, the SISI scores, the rezuIts of the tone decay test, and

the outcome of the e6k6sy audiognams.

Patient nr:. 25229

age:43 occupation: machinist
noise sounee: mainternnce wonk shop

militany service: pa.ssed; ocernpted

o(posune to explosions: none

heaning-pnotective devices : none

B6k6sy audiognam: Tlpe II
(not quite ce:rtain) tinnitus: night ea:r

tone decay: norrnal ventigo: -
SISI 1000 2000 4000 Hz cerumen: -
Right 0 10 50eo ENI history: -
Left 0 60 Bjeo

Pete::s audiogram: mixed deafness

Patient nn. 9993

age: 37 occupation: rnilling machine openator:;
furrritr:r,e factory

noise sounce: circular saw

militaqT service: ccrnpleted (hra:rdIy
any shooting)

exposune to oplosion: none

hearing-pretective devices: none

B6t6sy audiognam: Tlpe II tirrnitus: night ear

night ear, T5rpe I left ea:n ventigo: -
tone decay: norrnal cerumerr: -
SISf 1000 2000 4000 Hz

Right 0 70 100%

Left 0 0 Ieo

Petens audiogr:am: sensonineunal hea:rirg loss
(night ea:: above 2000 Hz)
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Patient nn. 2928_2.

age: 51 occupation: ln'in nemoval and pnepara-
tion of slaugfrter*caftle

noise source: machiner5l, meat products
factory

military service: ccrnpleted (much
shooting)

expostme to explosions: none

hearirg-protective devices : none

B6k6sy audiogram: Ilpe II tinnitus: bilater:al-
left ear, T5rpe I night ea:n vertigo: +

tone decay: norrnal cerrumen: -
STSI 1000 2000 4000 Hz HrtrT history: -
Right 0 0 0%

teft 80 100 -%

Petens audiognam: sensonineural hea:ring loss

Patient qr. 29978

age: 55 occupation: pile dniver operaton

noise sounce: pile driver
militarar sernzice: ccnrpleted (much

shootirg)
ocposune to explosions: none

hea:ring-protective devices : none

S6k6sy audiogram: Tlpe II tinnitus: night ear
tone decay: nornnl verrtigo: -
SISI 1000 2000 4000 Hz cerumen: -
Right 0 0 0% H,[I history: -
l€ft 0 0 90% concussion: + (24 ipu::s unconscious

followine accident)I',eters auor-ogram
senso::ineu:ra1 hea::irg loss
night ea:r above 2000 Hz

ainltone gap
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mcr.rpation: spinnen/weaver

noise source: powen-locnr

military service: nejected

e>cposune to explosions: none

hearing-pnotective devices: none

occupation: painten

noise sounce: scnapirg off of r:ust
military senrice: ccrnpleted (har-dIy

arry shooting)

exposure to erplosions: at shont
distance du:ring Wonld Wa:r
II

hearing-pnotective devices: none

occupation: employee, rnaintenance
wor"k shop

noise source: pner-rnatic harrnens

military senzice: completed (not
much shooting)

exposune to explosions: none

hearing-pr"otective devices : none

age: 52

B6k6sy audiognam: Ilpe fI tinnitus: bilater:aI +

tone decay: normal ventigo: -
SISI 1000 2000 4000 Hz cerumen: -
Right 0 20 100% H{I hisr-or5r: -
teft 0 70 90%

Peter"s audiognam: sensonineunal hearing loss

Patient nr. 27293

age: 52

B6k6sy audiognam: Tlrpe II tinnitus: bilateral
tone decay: norrnal ver.tigo: -
SISI 1000 2000 4000 Hz cerurnen: -
Right 55 75 100t ElfI history: -
l€ft 0 50 10Ot

Peters audiognam: sensor:iner.:::a1 hea:ring loss

Patierrt nn. 24087

age: 37



B6k6sy audiognan: Tlpe II
tone decay: norrnal

SISI 1000 2000 4000 Hz

Right 0 100 100%

Left 0 100 100%
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tinnitus: +

veu:tigo: +

cerllmen: -
HtlI h:istory: suspected MeniErers

disease

B6k6sy audiognam: Ilrpe II
right ear, \pe I left ea:r

tone decay: norrnal

SISI 1000 2000 4000 Hz

Right 70 80 100%

Left 60 70 75t^

Peters audiognam: sensonjner"ral hear:irg loss

Patient nn. 70597

age 53

Petens audiogram: sensorineural deafness

Patient nn. 25005

age: 52 occupation: glass grinder"

noise source: gninding wheel

military senzice: passed, ocenrpted

oq)osure to explosions: none

hea:ring-prrctective devices : none

tinnitus: night ea:n (strniIl, high-
pitched tone which equals
tone at 80 dB at 3000 Hz)

ventigo: +

cemmen: -
EltI history: -

occupation: metal gninden

noise sounce: gninding wheel

military senrice: ccrnpleted (not
much shooting)

exposune to explosions: none

hea:ning-pr-'otective devices : none

tinnitus: -
vertigo: -
cerumen: -
BtrI histouy: -

^a- aB6k6sy audiognam: TSpe II
tone decay: norrnal

STSf 1000 2000 4000 Hz

Right 0 10 7s%

i.eft 0 60 85%

Peter"s audiognam: sensonineunal hea:ring loss
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Patient nr. 80320

age: 40 occr.rpation: metal grinder
noise source: gnindirg vil:eeI

military service: completed (not
much shootilg)

exposune to explosions: none

hea:ring-pnotective devices : none

B6t<6sy audiognam: TJpe II tjnnitr.rs: night ea:r

tone decay: norrnal vertigo: +

SISI 1000 2000 4000 Hz cerrumen: -
Right 20 80 1003 BII history: suspected MeniBr:ets

disease
l,eft 0 0 65ts

Peters audiogram: sensonineunal hearing loss

Patient nn. 82001

age: 53

B6k6sy audiognam: Tlpe II tilnitus: +

tone decay: norrnal vertigo: -
SISI 1000 2000 4000 Hz cerumen: -
Right 0 0 70% BII history: -
Left 0 0 90%

Peters audiognam: sensor:ineunal heaning loss

Patient nr" 80856

occupation: tailor: jn menrs clothi::g
factory

noise sounce: industnial sewing
machines

militarry senrice: nejected

elq)osune to explosions: none

hea.:rirg-protective devices : none

occupation: ::einforced bnick netring
weavetl

noise source: powen loom

military service: completed (not
rruch shooting)

exposune to explosions: none

hearirg-pnotective devices : none

age: 50
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e6t6sy audiogram: Tlrpe II
tone decay: norrnal-

SISI 1000 2000 4000 Hz

Right 0 0 !00eo

t€ft 0 0 700eo

Petens audiognam: sensonineunal hearing loss

Fon 19 out of the 24 eans etcamined (79%) a SISI scone of 60% or more

was obtained, i.e. a percentage about identical to the pencentage

found in the main str.rdy (see Ctnpter 6). An advantage of the SISI

test over e6k6sy audiometr5r is the time-saving element, that iso if
fon the diqgnosis NIFHL only the fnequency of 4000 Hz is applied.

SISI testing of both ears, includirg time for instruction, fon one

fnequency nequines no mone than 4 minutes, as 4gainst !2 minutes at
least fon B6k6sy audionretry. Anothen, pneviously mentioned, disad-

vantage of B6k6sy audiometry is the special, nather expensive equip-

ment needed. The division into Tlpesr moreoven, is no'easy matter.

Ttre tone decay test is a l-ess suitable scneening method fon the

industrial medical officen, since as a rufe he will not possess the

audiological- ]<crowledge needed.

FYom the nesults of this comparative study the conclusion can

be d:rannr, therefone, that the industrial medical officen, who wants

to make a neasonably neliable diqgnosis of NIPFL, can obtain suffi-
cient irrforrnation by means of an A/C audiogram plus a SISI test (at

4000 Hz) plus a focussed medical history.

tirrnitus: +

verLigo: -
cerumen:

BtrT histor5/: -
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Chnptel-8. SU}S,IARY AND CONCruSIONS

Sunrna::v

In necent yeans, the nr.mben of people exposed to injr:::ious noise
levels, ild consequently the nuniben of people at nisk of obtaining
a noise-induced perrnanent heaning loss (NIPHL) Lras been steadily
nising. As a nesult, industrial medical officens as wel-l as the
medical pensonnel at the audiological centres are beirig mone and

npne confronted with pa.tients with hearing complaints. More often
than not, the patients who visit an audiol-ogical centne wil-1 be

r.efemed by thei:: industnial medical- officen.
From industr:ia1 medical cir"cles the question hras been naised,

thenefone, whether the noutine audiological test which forms pa:rt

of the general health screenirg camied out by the industnial med-

ical- officen could be expanded in suchr a way, that it would be pos-

sible for this officer to make the diagnosis NfPFIL with scrne cer-
taint5z. Now, the only audiological equiprnent usr:aI1y available to
the industnial- medical officer is a screening audiomets: fon the
execution of A/C audiognams. And even if he hras mone equipment,

then his l.rrowledge of this pa.rticula:r subject will often be insuf-
ficient to carn5r out a full-se=.Ie audiological test. The ajm of the
pnesent study, thenefo::e, was to check vdrethen a nel-atively simple

audiological test could be found by means of which.the industrial
medical officer could nrake the diagnosis NIPIL.

The choice feII upon the STSI test. Since it had alneady be-

come apparent from the litenatr::re, ttnt thene existed scrne diven-
gence of opinion as to the value of the SISI test, it was decided

to try the test out among a fainly lange study population.
In Chapten 1 of this disss:'tation, a bnief discussion is given

of the nr-rnben of people who in our Western wonld run the nisk of
obtaining a NIPF{L. Furthernpne, it is emphasized that noise will
not only affect the hearing ol:gan, but othen ongans and ongan sys-
tems as weIl.

Chapten 2 gives the aim of the pnesent study as well as the
re€lsons why the SISI test was eventually selected from among the
diffenential- audiological tests available.

In Chapten 3, the opinions of believers and disbelievers in
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the SISI test have been cited, from which neview it becomes clea::

ttnt the formercategory outnuobers the latten.
Chaptens 4 and 5 mainly deal with the sel-ection of the study

population and of the industrial fjrms. In addition, the method of
testing and the tlpe of audicmeter used are described in some detail.

The results are presented in chrapten 6. The age distribution of
the subjects and the relationship between age and SISI score trave

been set out in 13 tables" Mor:eovol, the relationship between the

category of pr:r'e-tone hearing losses in dB at 4000 Hz and the con-

nesponding SISI score is discussed. Attention is al,so paid to the

question of whrat trappens, if the rlourer limitr for: a positive SISI

score is l-owered frcm the genenally accepted 70% or molre to 60eo molle.

Chapten 7, finallyo gives the nesul-ts of an additiorral survey

cannied out anorg a sample population of patients attending the Oto-

logical Policlinic of the Univensity Hospital Ub:echt in orden to
study the question vrl:rether the use of the SISI test in ccurnbination

with two on tLrnee othen diffenential audiological tests would add

even more to the neliability of the diagnosis NIPHL.

Conclu?ions

ff the SISf could indeed pnovide the industrial medical officen with
an additional diagnostic tool fon making the diagnosis \IIPHL with
neasonable centaintyo this would stimulate:

- a quicken neaction by means of techrrical pneventive and pnotec-
, .tive measures (in terrns of the pnescription of hea::ing-pnotec-

tive devices);

- a betren hearing conservation pr"ogranune;

- a more adequate r^efer-na} policy, due to the fact that the indus-

tnial medical officen vpuld be able to select his ::efs:ral- cases

with much greaten pnecision.
From the nesults of the present study, the concLusion can be dravm

that +-he SISI test can indeed play a valuable part hene, prrrvided

tlnt:
- the test is ca:ried out efficiently, special attention being given

to the instruction of the subjects;

- it is kept in mind, thrat the SIST test yields the best resufts
with pwe-tone hearirg losses of over 30 dB at 4000 Hz;
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in cases where only the last fi-fteen 1 dB incr:ernents trave been

perceived, the nr-unben of 1dB incrsnents is:raised to 25, on the
grounci that fon some unlrror^rn reason the fi:lst five 1 dB incne-

ments have not been heard;

- a rurarming-up pei:iodr is included, pa:r ocample d:ring which the

subject has to peneeive, two or" ttrnee 5 dB inenements pnion to
the actual test;

- it is borne in mjrd, that of subjects with a NIPI{L a pr::re-tone

hea:nirg loss between 25 and 40 dB at 4000 Hz, an avenage of 65

per cent will achieve a SISI scone of 60% and mone;

the SISI test roo::ks best wtren used fon subjects with a NIPFIL and

a pu:re-tone hearirg losses between 60 and 75 dB at 4000 Hz; of
that categoryr oven 90 pen cent achieves a positive scone.

0n the strergth of the nezults obtained, the conclusion seems jus-
tified that the industrial medical officer will be able to make a

neasonably neliable dia,gnosis NIPIL, if he bases this diagnosis
upon the data of an A/C audiogr.am plus a SISI test at 4000 Hz plus
a focussed medical history. The subjectts pu:re-tone hea::ing loss
strould be over" 30 dB, however.
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APPEI.TDIX A

Specification SISI test

E<amp1e of continuous fnequency

versus octave method audiognam
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APPH{DIX B

Median audiogr"ams

Figu:res and tables
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Fig.1. Median audiogram right ear fue gr.oup <20 W
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Fi-g.3. Median audiogram right ear Age group 30-39 yr
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Fig.a. Mediarr audiogram right ear Age group 40-49 yr
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Fig.S. Median audiogram right ear fue group 50-59 p'
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Fig.6. Median audiogram right ea:r Age group)60 yn
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Fig.9. Median audiog::am left Age group 30-39 yr
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Fig.11. Median audiognam left ear fue gnoup 50-59 y:,
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Fig.!Z. Median audiogram left ear fue group) 60 yr
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Fig.13. Median audiogram right ear A11 age groups
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Fig.1a. Median audiognam left ear A11 age groups
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Fig.1B. Median audiogram right ear fue gnoup 40-49 5z'
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Fig.19. Median audiognam right ear fue group 50-59 yr
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Fig.25. Median audiogram left ear fue grrcup 50-59 yr
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APPH{DIX C

Comparative study

n6k6sy audiograms

pune-tone audiognams
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