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ABSTRACT

Universal newborn hearing screening will ensure that infants born with hearing-impairment will be fitted with hearing aids within the first few month of age.
Unfortunately, accurate measurements are not always possible at this age and infants cannot provide reliable behavioural responses to sounds. Electrophysiological
test can measure auditory function objectively. In the present study individual intensity functions were obtained from measures of loudness growth using the Contour
Test and from theAuditory Steady State Responses (ASSR) amplitude measures of multiple amplitude-modulated (77-105 Hz) tones (500, 1000, 2000 and 4000 Hz)
simultaneously presented to both ears and recorder over the scalp. This study further investigates the relationship between amplitude and intensity of the ASSR in a
group of adults with normal hearing. We examine this relationship assuming that growth of loudness is related to the amplitude growth of the ASSR. Particularly, we
propose a method to derive information of hearing aid characteristics from the amplitude- intensity function of the steady-state responses.This procedure enables
determination of some basic properties of hearing aids, such as average gain, type of compression, compression factor and MPO. A hearing aid evaluation is
discussed as an example of a sensorineural impairment.

INTRODUCTION

METHOD

Over thepastseveralyearstherehavebeenmanyprescriptivefitting
formulasdevelopedandtestedto fit hearingaids(1). Thegoalof these
formulaeis to choosea setof electroacousticfeaturesrelatedto the
audiologic characteristic for listener with hearing impairment.
Electroacousticfeaturesinclude:Gain that is relatedto thedegreeof
hearing loss, Frequency Response related to the audiogram
configuration,the input signaldetermineby the LTASS (Long Term
AverageSpeechSpectrum)andthe Maximum PowerOutput(MPO)
relatedto theUncomfortableLoudnessLevel(UCL).Thesealgorithms
require accurate measurements obtained by psychoacoustic
procedures.

The NAL-NL1 (2) and DSL I/O (3) are the most often used
approachesin theadjustmentof hearingaidsin children.Moreover, the
DSL approachwas first usedas a prescriptivemethodspecifically
developedfor children.Bothproceduresrequirepuretonethresholdsto
facilitate their calculations.Unfortunately, accuratehearingthreshold
measurementsby psycoacusticalmethodsarenot alwayspossiblein
newborns.

TheAuditorySteady-StateResponse(ASSR)is anevokedpotential
techniquethatusescontinuousratherthantransientstimuli to elicit a
responsefromtheauditorysystem(4).Auditorysteady-stateresponses
aremuchmorefrequencyspecificthanthebrief tonesor clicks used
with ABRs (5), arerelatively unaffectedby subjectstate(6) andare
reliablypresentin childrenof all ages(7).

Amplitudeof theASSRcanbeusedin theestimationof loudness
growth function (8). In this posterwe proposea methodto derive
informationof hearingaidcharacteristicsfromtheamplitude-intensity
function of the steady-stateresponses.This procedurenamely the

(Auditory SteadyStateResponsePrescriptionFormulae)
enablesdeterminationof somebasicpropertiesof hearingaids,suchas
dynamicrange,frequencyresponse,gain,compressionfactor, Input-
OutputfunctionandMaximumPowerOutput.A hearingaidevaluation
in anewbornisdiscussedasanexampleof asensorineuralimpairment.

Twenty normal-hearingyoungadults(between18 and72 yr of age)
werestudied.Eachsubjectunderwentacompleteaudiologicevaluation
beforetheevokedpotentialsexam.

Multiple-frequencyAM tones were presentedmonaurally through
TDH 49earphonesatvariableintensitiesbetween80and30dB SPLin
10.dB steps.The multiple-frequency(MF) stimuli consistedof a
combinationof four carriertonesof 0.5,1, 2 and4 kHz modulatedin
amplitude(95%depth)atratesof 81,89,97and105Hzfor therightear
and77,85,93and101for theleft ear.

All the responseswereobtainedwith theAUDIX system(Neuronic
S.A., Havana).TheEEGwasrecordedusinga foreheadto ipsilateral
earlobe/mastoidelectrodemontage,amplifiedandfiltered at 10 Hz to
300Hz. Impedancevalueswerekeptbelow2k Ohms.Thebioelectric
activity was amplified with a gain of 100,000.Between18 and 42
epochsof 8192samples(1.37mssamplingperiod)wereaveragedin
eachresponse.Artefact rejectionwascarriedout with shorterepoch
sections of 512 points. The Fast Fourier Transform (FFT) was
calculated'on line' with eachlong epoch.Whenan epochcontained
electrophysiologicalactivity exceeding±90 nV, it was rejected.To
detectthesteady-stateresponsestheHotellingT2 (HT2) testwasused
(9).A responsewasconsideredpresentwhentheF-ratioof thesignalto
noisewassignificantatthep<0.05levels.
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In the presentstudy we derive information about the selectionand
adjustmentof thehearingaid from theamplitude-intensityfunctionof
thesteady-stateresponses.Summarizingtheadvantagesof the

it canbestatedthattheproceduredescribedassisttheclinicianin the
prescriptionof the electroacusticcharacteristicof a hearingaid for
newbornsor non-cooperativesubjects.Furthermore,this procedure
derives basic hearing aid propertiesas dynamic range, frequency
response,gain, compressionfactor and MPO for a specific type of
hearingloss. The proceduredescribedis no longer time-consuming
sincenecessitatesno additionalexaminationsbecausediagnosticfrom
ASSRaredirectlyutilizedfor hearing-adjustment.
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In this figure is shown the
ampl i tudes of the A SSR
averaged for the group of
normal-hearing subjects for
each frequencystudied.Mean
amplitude characteristics are
obtained by linear regression.
As expectedthe amplitude of
the responses increase with
increasing intensi ty above
threshold.

ThisgraphshowsanASSRof a
newborn wi th a moderate
sensorineuralhearingloss.The
presentationof the amplitude
spectrumis limited to therange
60-120 Hz. In the spectrum,
arrows indicate responses
recognized as signif icantly
differentfromzero.

At the left of this figure we shows the intensity-amplitude
functionof normalhearingdisplayedtogetherwith thecurveof
thebabyrecruitingear. Theinputspeechdynamicrangebetween
40 and80 dB is projectedupwardson thenormalcurve.Finally,
projectionon the pathologicalcharacteristicsyields the output
dynamicrangefor thispatient.

The requirementcan be estimatedas the difference
between hearing loss and the lower limit of the LTASS.

isgivenbytheratioof thedynamicrangeof
thepatienttothenormalspeechdynamics.
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From previous studies we establish the Loudness Discomfort
Levels derived from the measurement of loudness growth using
the ContourTest and from theASSR amplitude and stimulus
intensity. The MPO for this patient is established in 107 dB
SPL, 111 dB SPL, 117 dB SPLand 118 dB SPL.

RESULTS

Dynamic Range, Gain and Compression Factor

Finally different canbe
obtainedfor eachcarrierfrequency.
In this figure we showsthepatient
hearing threshold, the average
speechfor eachcarrierfrequencies,
theMPOof thehearingaidandthe
final insertiongainprescribed.For
all frequencies the LTASS is
amplifiedcomfortablybetweenthe
dynamicrangesof thebaby.
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