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Abstract

Tonal signalscontinuouslysweptin frequencywere usedin someof the earliestinvestigationsof distortion productotoacoustic
emissiongDPOAES)(e.g., Brown andKemp, 1984). This techniquehasrecentlycomeinto useagain(e.g., Long, Talmadge& Lee,
2008 andcertainlyprovidesthe opportunityto rapidly recordDPOAE dataat very high frequencydensity However,stimulustones

Table 2. Kendall tau b correlation coefficient between DPOAE levels
recorded using discrete and swept frequency stimulus tones for differen
frequencies and stimulus level combinatigns.0.001 in all cases except

HIGH [75/75 dB SPL] MID [65/55 dB SPL] LOW [55/40 dB SPL]

at discretefrequencieshave beenthe usedin the vastmajority of reportson DPOAEsto date DPOAEsrecordedusing thesetwo 20 - « Discrete © Sweep 20 | _ - _
technigueseedto be thoroughlyand carefully comparedLong et al., (2008 showedthe equivalencebetweenDPOAEsrecorded ® Discrete © Sweep cells shaded In gray. Coefficients greater than 0.7 (green) are considere
usingtonesat discretefrequencieandtonessweptin frequencyat 8 or 16 s/octaveandin six humanearsfor f2 frequenciesip to 4 — — high those between 0.3 and 0.7 (yeIIow) are considered moderate. and
kHz. In this reportwe compareDPOAEsrecordedusingswept anddiscretefrequencystimuli in a populationof approximatelyl 00 o i ’ ' ' : ’
humanears DPOAEswererecordedon the sameday usingtwo different hardwareand softwaresetupsfrom eachearbetweenf2 2 10 0 10 those below 0.3 (Orange) are considered low.
frequencie®f 0.5 and16 kHz usinga stimulusfrequencyratio of 1.22 andthreestimuluslevel combinationgL1/L2 = 5540, 65/55, 5 o - - -
75/75). DPOAE levelsrecordedusingthetwo differenttechniqueswvill be comparedstatisticallyacrosshe whole populationaswell 'g % Frequency Stimulus Level Combinations
asin specificagegroups S 3 . i High [75,75] Mid [65,55] Low [55,40]
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Stimulus tones continuouslysweptin frequencywere usedto record DPOAEsin someof the earliest 0 -10 7 g -10 1500 074 071 068
publications(e.g., Brown and Kemp, 1984). Measurementsystemsand practiceshave since evolvedto < o ' ' '
predominantlyusetonespairsat discretefrequencieto recordDPOAEs Sophisticatestrategiefavebeen % LL] 2000 0.76 0.71 0.71
developedand deployedto achieve criterion noise levels and/or signatto-noise ratios (SNR) before O -20 - <OE 20 3000 076 071 071
recordingis terminatedfor any given stimulusfrequencypair. Such strategiesare particularly useful in % ol ' ' '
clinical systemswhereautomatiodecisionmakingis_of greatadvantage o O 4000 0.74 0.73 0.73
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peaksandvalleys,typically referredto asfine structureor microstructureFine structuredepthis sensitiveto | | | | | | " ' ' '
minor insultsto the cochlea(Engdahland Kemp, 19969. Increasingnterestin evaluatingthe clinical utility 500 1000 2000 5000 10000 20000 10|00 ZOIOO 50IOO 10600 20600 8000 0.70 0.71 0.53
of DPOAE fine structurehasbeenstymiedby the time consumingprocesf recordingDPOAEsat closely
spacedrequenciesThis practicaldifficulty can potentially be overcomeby using stimulustonessweptin - - - Frequency [Hz] N Frequency [Hz] - 10000 0.72 0.58 0.34
f Figure 2. Mean DPOAE andnoiselevelsasa function of frequency Openandclosedsymbolsrepresentiatarecordeadusingdiscreteand sweptfrequencystimulustones,respectively The
requer_lrchy valenceet DPOAE dedus i imuli andth dedusi error barsrepresen®5% confidencentervals Measurememstmadeusingdifferent stimuluslevel combinationsare representen the threepanels BestagreemenbetweenDPOAE levels 11200 0.73 0.62 0.34
iraditi Iedgquwtafenc ewe?. ih frebcor © fslingswleptrzgufenciﬁ_lmu|an cc)lgerecordg ~Ing recordeausingthe two stimulustypesis observedetweenl and4 kHz. In generaDPOAE levelsrecordedusingswepttoneswerehigherfor frequenciegreatethan4 kHz. The horizontal 12500 0.74 0.54 0.29
bra | d'onfl dflscrel.e.reclluencx_tlrr]nu; asho e_ca{e y gjivg :g cbe oC:e q IS NEW recct)fr ngpara |tgmc|an bar in eachpanelmarksthe rangeof frequenciever which the meanDPOAE levelsrecordedusingthe two stimulustypeswere statisticallysignificantly different (p < 0.05). The noise
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. . . thatautomaticartifactrejectionandnoisefloor or SNR basedstoppingruleswerenot availablefor the sweptfrequencymethod
frequencystimulus tones Long et al.,, (2008 have demonstratedirtual equivalencebetweenDPOAE J PPINg PHTEq ym 15000 0.67 0.33 0.13
recordedjsingsweptanddiscretefreq.uencystimuli on six h.uman.earsfor f, frequen_cieegpto 4 kHz. Here U -3;0-12]0-1]0? 1|0 ZID 3|0 o 16000 0.66 0.29 0.10
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The presentedlatawere recordedfrom 109 subjectsbetweenlO and 65 yearsof age Averagepuretone E i P . F 3
thresholdsfor 0.5, 1, 2, and 4 kHz rangedbetweenO and 60 dB HL. Stimuli were presentedo the 7 ] ° . - 0 |
participantsusing MB Quart 13.01 HX speakers The output of the transducerswas coupledto the E ] . - ’ R g E E
par t i cearpaaatvia@s Etymotic ResearchER-10B+ microphoneprobe assembly The earcanal 4 . ’ ’ - -30 é 0 B Discrt
sighal was then passedthrough its preamplifier (20 dB gain) Analogto-digital and digital-to-analog E 20 - 6000 6000 10000 i S
conversionswere performedusing a 24 bit input/outputdevice, set at a sampling rate of 44,100 Hz. o - . 5 g o o
Stimulus levels were specified as SPL measuredin an IEC-711 earsimulator with insertion depth 5 07 ﬁ % y . r S S
compensation(Siegel, 2009 ARO poster #34). Stimulus frequency ratio of 1.22 and stimuluslevel 3 20 - 0o ’ x . - —
combination®of 5540, 6555, and75/75 dB SPLwereused Two independentomputersystemsvereused o 0 2000 3000 2000
to recordsweptanddiscretefrequencyDPOAES 3:3 7 . - 30 S _ e ) ") S | oI D
SweptFrequency Customsoftwaredevelopedby Dr. Carrick Talmadgerunning on an Apple Macintosh 4 . ‘, .S . I - 10 ° 40 30 2 10 0 0 ° 40 20 20 10 0 0
computerwas usedto generateand recordsignals Stimulustoneswere sweptat 8 and 24 s/octavefor O i 08 ‘e ’ “« [ DPOAE Level (dB SPL) DPOAE Level (dB SPL)
frequenciedelow andabove6 kHz. DPOAE phaseand magnitudewas estimatedusing a leastsquaredit a . o° ° . -2 Figure6. Comparisorof distributionof DPOAE levelsrecordedusingthe two
algorithm(Long andTalmadge 1997). Six sweepswveretypically averagedor eachsubject Experimenters 750 1000 1500 - ' . . . .
usged their disc%etionto recogrd additional sweer;)swhenygn acieptabl%SNR was not Jachievzdafter SiX %B i B Qeégosr?érl%e;%og‘gﬁ”.f_ﬁem;elt\?vgeggr?ngrlizo(gg?et? dkel—cllzt#es,llr;g\glvsetlsntwgleus;leeggfs
sweeps 10 - .-f / - . P Yicideane <Y
: . de usi | _ I : ° ~ul concordancen our dataset The shapeof the two distributionsare similar but
D'Scfete Frequency Discrete Frequency Measur_e mentsvere madeusing Emav (Neely & Liu, 1994 -20 ’ ’ - the datarecordedusingthe sweptfrequencystimuli are shiftedtowardshigher
running on an IBM personalcomputerrunning Windows XP. Signalswere generatedoy a Card Deluxe - A - A levels
audio interface at a samplerate of 44.1 kHz, responsesvere averagedinto an 8192 point buffer and -30-20-10 0 10 20 30 -30-20-10 0 10 20 30 ]
analyzedusingan 8192 point FFT. Stimuli were presentedor a minimum of 1.5 secondswith averaging DPOAE Level Swept Tones (dB SPL) COnCI usions
time extendeduntil oneof the stoppingconditionswasreachedmaximumtime of 4 secondsSNR> 12 dB | | o o
or anoisefloor of <-20dB SPL | Figure3. Comparisorof DPOAE levelsobtainedusingthe discreteand sweptfrequencystimuli. Eachpoint representslataobtainedfrom onesubjectat a particularfrequency DPOAE level 1. DPOAErecordedisingthe sweptanddiscreteirequencystimuli werestatistically
Post Processing DPOAE level and noise floor were averagedby 1/3 octave bandscenteredaround estimatedusing the sweptfrequencystimuli is representean the x-axis while DPOAE level estimatedusing the discretefrequencystimuli is represente@n the y-axis The threepanels Indistinguishableetweerl and4 kHz. | - |
audiometridestfrequenciesetweerD.75and17 kHz. All datapointswith a noisefloor estimatdessthan0 represenDPOAEsrecordedusingthreestimuluslevel combinationghighi 7575, mid i 65/55; low i 5540). Datapointson the diagonalof eachsubpanelwould representhe casewhere 2. ReliablenormativeDPOAE datamay be obtainedusingeithercontinuoustoneor
dB SPLwereincludedin the average Mean DPOAE and noiselevelsand 95% confidenceintervals(Cl) exactlythe sameDPOAE level wasrecordedusingthe two methods The concordancéetweerdataobtainedusingthe two methodds quantifiedin Table?2. sweptirequencystimuli | o |
were computedfor eachfrequencyand eachstimuluslevel combination DPOAE levels and noise floor 3. AverageDPOAE levels recordedusing sweptfrequencystimuli were higher at

frequenciesboved kHz. While suboptimalselectionof frequencysweepratesor
differences in analysis algorithms cannot be ruled out as sourcesof this
difference, a physiological source appearsto be more likely. Differencesin
activationof the efferentsystemby the two stimulation methodsis a candidate
mechanism

4. The differencesobservedin the noise floors betweenthe two methodsis
explainedby the lack of SNR- or noisefloor-basedstoppingrulesin the swept

measuredat eachfrequencyusing the swept and discrete frequencystimuli were comparedusing the
Kendalltaub correlationcoefficient This nonparametricstatisticis a measureof associatiorbetweerpairs
of observations
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