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ABSTRACT DATA COLLECTION RESULTS o " - DISCUSSION

Individual repetitions seem contaminated
Recently we demonstrated the results of a two-tone experiment which A standard distortion product otoacoustic emission (DPOAE) probe is sealed in the ear Figure 3 shows for one subject, female normal hearing, strong by considerable noise on the baseline In NONE of the OAE probe data presented here has signal averaging been used to
resulted in baseline movements of ear canal pressure, and suggestive of canal but not primarily for distortion product measurement. A two-tone masking transient emissions, a subset of the raw data obtained from the 2 munQl_r-a1_29062001 f1=3kHz70d8 SPL, f2/1 =1.189 (+0.250cy improve the signal-to-noise ratio (SNR). The variables are computed directly from
two-tone suppression (2TS) at the cochlear mechanical level. These "dc- paradigm is used; a constant 25 ms probe tone of 3 kHz at 70 dB SPL is repeated at 50 ms minute sitting. The top row shows the "COM" signal (essentially o [728 75 5008 5548 the raw time signal minimally filtered as described above. The sensitivity of the
shifts" evident in the otoacoustic waveform did not appear to be due to intervals. A masker tone of 7 ms duration is added 9 ms after the start of the probe tone. the usually recorded DPOAE response) for the fixed probe and 3 % _ technique for revealing these correlations is tied to the nonlinear ("DIF")
middle ear muscle effects, which could be demonstrated separately. We Both bursts employ 1 ms rise/fall times. The masker is varied in frequency (probe + 0.5 levels of masker (blue) amplitude-modulated at the difference g’ mow W N e extraction t.echni.que,which also is responsible for showing that the respc?r\se to
here show the relationship between these baseline shifts and the oct in 1/12 oct steps), and level (probe + 20 dB in 5 dB steps). frequency f2-f1 (QDP). Below, each column shows 10 repetitions é e e | the pro!oe signal is not always completely cancelled.. Although ten repetitions
resulting distortion products generated. Two tones bursts were M Each digitally-generated two-tone of the unaveraged responses of the "DIF" component (red) which, ~ » "¢ e ——GE W W of th? signal sequence were collected to allc?w for signal averaging (as was
delivered as a masker type experiment - a 25 ms long probe tone of 51 complex is immediately repeated, by linear subtraction,emphasises the nonlinear residue. At first L.S N IR | M R | P pr:.eV'OUISW.UShed ':cOI?hOW tV\;]O'tO”IG. su.pprers‘smnhcontours on these same data [|7])
fixed frequency (3kHz) and level (70dB SPL) plus a "masker" tone burst | Masker Fig 15 but with the repeat phase-reversed the r.ecords app.ear to be significantly affected by n.c>|5e, % _ng ST Y T this ana.yS|S 510 gwed the r?a sation that t ese. da.ta may not be as.st.r(.)ng 4
. . _ o 1 o ) previously considered external to the processes of interest. = - contaminated by noise as previously thought. Noise is a matter of definition.
oif 7 N TATIE R WEMES @VEr & Gl feim U5 GEiies sloeve amel loe ey tne s A aean e (se¢ Fig. 1) Closer examination shows a wide variety of behaviours which are S‘i_i . FEERER | Fai T’T“W“/‘”’“ This surprising outcome cannot simply be due to the expectation that spectral
probe tone, and from 50 to 90 dB SPL. We show the pattern of baseline The whole sequence-grid of these "phase-reversal pairs" of 9 levels and 13 frequencies is interesting in terms of cochlear homeostasis and OHC operating § e | B ) i | B Vo~ parameters should correlate to time-series estimates - if this were the case all
shifts towards rarefaction and condensation according to the masker repeated ten times, taking 2 minutes, and the 10 response sequences gathered with the st sl The mest et faiune s st ¢ 1o besaling i E e _ e | e | 4212 comparisons would be significant. Instead, significance occurs in clusters
parameters for different subjects. Also shown are how the distortion intention of averaging them to eliminate external noise. varying quasi-chaotic, with various dc-levels at the onset of the % oozt w o Jbd oy wn o Jbd w fun which have meaning for 2TS and DP generation (consistent with [7] the previous
products vary with the baseline variation and separation of the 9 adult subjects (5 male, 4 female, whose audiometric and TEOAE characteristics are masker. Secondly the asymmetry of the waveforms varies % N e ks i A findings of triphasic pattern associated with the self-induced bias [1, 10]).
primaries (i.e.the probe and masker) while both tones are present. previously determined) are seated comfortably with head supported by a head rest. markedly from one level to the next, from one repetition to the § A W 1 — These data test the hypothesis that clinical algorithms used to improve the SNR
These baseline shifts constitute "infrasonic" otoacoustic products, and, The signals are generated and recorded at 44.1kHz by a NAL in-house built signal next (in between are all other frequencies and levels). Thirdly, = mgw —— e may actually obscure vital behavior necessary to fully characterise the active
because of their relationship to the distortion products, are strongly conditioning and recording system incorporating a Lynx 4 channel, 16 bit sound card. some waveforms are modulated at the QDP frequency leading toolst v woww o bl 0w b s processes. The "noise" previously deemed to be external to the process being
associated with cochlear mechanical generation. Sound calibrations were carried out using a 2cc coupler and B&K 2604 amplifier. All often to a rapid baseline rise, while others the frequency is at 2xf2 Fig. 3 Time (ms) characterised (e.g. strength of the 2f1-f2 DP) is instead intimately related to it,
signals were processed using MATLABTM. For this data pass, the entire sampled- and highly asymmetric, mostly with an unchanging or falling dc albeit in ways which are not fully understood. While we have no complete
waveform was high-pass filtered (corner frequency 110 Hz) to remove heart beat value. To average such data repetitions would smear over description of what is causing the wild variations seen in the raw data, this

Figure 4 shows the result of cross correlating the DIF parameters

pressure pulsations. important dynamic behavior. . . _ . analysis merely compares aspects of the time course not directly contained in
computed from the baseline (time) variables for just Segment 5 : : :
: " , o , DPOAEs, with the way they are normally extracted by standard Fourier analysis.
A dot is placed for each repetition (#1- #10) versus the spectral variables as shown in Fig. 2 for the same time
I NTRODUCTION segment. In each subplot are shown 10 points representing the It is suggested that the responses to the masker tone burst are caught in various
f1=3kHz,70d , f2/1=0.707,(-0. ,Level 2=85d . . . . .
N m“”01—r—a15—29°62°°1 =3 i 70dB SPL, 2/ :707 (0.500ct.Le e.sz 85dB values of the variables chosen for the 10 repetitions of the two tone states which suggest that operating point is changing over the whole range of
Previous work has shown mechanical behaviour in the baseline position s R :31..10 .2 a . :O . stimulus. The four columns represent, respectively, 1) the gradient the transducer function. Very often itis in a linear central region, or alternately
. . . . . O. = O 038 4 . 3 48 o3 48 4 s g 06 - T | ’ ! ! . . . .
of the basilar membrane in guinea pig preparations analogous to, and ANALYSIS & 7 :g.y‘ o & sfiilhe B e, 2 e fincsr fasessien cansmn (seadiie saturated above and below this mid point. Subsequent baseline movement
measured simultaneously with summating potential behaviour % T starting value), 3) the gradient of the integral of the DIF component, appears to be controlled by processes invoked when saturation result in strong
c . . . . 30 .
measured at the round window [1]. Both displayed similar polarity The sum andldifference of each phase-reversal pair is computed. In Fig.2, Panel A M B y N By and 4) its constant value. Descending subplot rows represent 1) asymmetry of the ac waveform. These data further support the notion of two
SEEHENS W TOREREY - cloove smd belon §1e BEst fegenty e ing emphasizes what is common ("COM") to the pair which is primarily the delivered signal O %o - Le, g"f " [ " L " the DIF magnitude (dB SPL) of the f1 peak, 2) the DIF magnitude of opposing active mechanical processes [10] required to maintain the OP.
pleEe, BRI, mes 2l MEEEUEElE [PESTHEm Sriifs 2 MisnpieEe 2e This is represented by its envelope (Hilbert transform - blue line). The nonlinear residue Q = leccom oot [ccoretpooon ] |cctesgions | ot omooos the f2 peak, 3) the DIF magnitude of the |f2-f1| peak (for half the If there is any merit to this approach it may explain the basis of mechanical
outer hair cell (OHC) motile behaviour. Mechanical measurements by PBIET s i el e el e s 65 dhe ey of sea il piaseniamens T Heu © _ s repetitions f2<f1), 4) the DIF magnitude of the 2f1-f2, and 5) the variability [11] and hysteresis [12] in our guinea pig data - not to mention our
. . = . .
FIOCk have Observed SUbStantiaI "dC-ShiftS" in the mOtion Of the Hensen |tS moving average (25pt gaussian_weighted) iS represented by the black Iine The top a g 30 54'5'7..é """"""""""""" 5%125 """""""""""""""" ..61‘9034 """""" .%].7.5 DIF magnItUde Ofthe 2f2-f1 peak. In eaCh SUbPIOt’ the CorrEIatlon difﬁCUltiES With Comparing TEOAES Over many yearS in the Same SUbjECtS.
cells signifying the presence of hydrops [2]. Quadratic distortion banel also shows the two tone stimulus segmented into five main intervals designated 1, Q & et Tvoo | |cccost dndiss| |cctom sitios| |ccmosobotie coefficient .and its solgn.n‘.lcance (p-val) is listed within the box with
products .(QDP) .unde.rgo.baseline shifts.and these have bee'n interp.reted 3,5,7 and 9. This presentation is confined to analysis of the activity within segment 5, % o s s - ? Ezuaal: ;? ;c:rrlgrgr;];cr)liasgg:‘;\cainr;z.nAsoc;:hmen;fg :Seci jrt:]m;erilstos: Sofilfl tEZt
as operating point shifts in OHF potentlals,.an.d treated as dlagr.mstlc of during which both tones are present. Baseline pressure changes are determined from 43 3 o] g 810 oty e dletiE e Sl correlatedyOn e G hanlcoi that which IS
hydrops [3]. Transducer function characteristics have been derived on i : the form to determine the de-offset plus rate of ch - i B EANS R & o re nighty e ' o
. : : : IN€Ar regressions on the time wavetorm to determine th€ dc-otset pius rate ot change OV = iolcc00tip=09317 | [cc029p-04101 | [conds: p0s7s | [ccmz 07386 | remarkable is that these variables are correlated despite their wildly CONCLUSIONS
LURLEBS s a.pplylng an exte.rnal bl.as [4_.6]' LGS questl.on Of dals of the DIF. Panel B shows derivative and integral of the smoothed DIF as well as the (2‘5 s 5 . s - fluctuating behaviors as is indicated by the number of the
UL 0 THILED SEl @REr g [Eelis silis i Urermselves imaies: ii estimated asymmetry of the DIF about the smoothed value. This is estimated by % 10 Sad B 2 o repetition shown against each point. Considering that the baseline 1) We continue to question whether the only 'vehicle' for extracting information
the ear canal pressure remains to be fully characterised [7]. : : : . : : % B I ® e 2 O it . L about active processes is OAEs within the auditory passband, or alternately
| o . . . computing curves representing maxima and minima and subtracting their sum from S |70 00063 | |ccooss peo00s0| | ccmois pebosis| | ccosr: peoo0t0 parameters do contain information which does not occur at the DP e o - et Hlear , |
Evoked otoacoustic emissions (EOAE) are an important window into twice the local mean value. Panels C and D are computed using a 2048-point Fast e o mpars e st i e g el o et const Integr frequences, the fact that these correlations can be high, suggests that WTEUEMItISIPOSSIDIEED dlrect y ac.ces.s coc ea.r Omeostatic processes remotely
cochlear mechanical behaviour and their human characteristics have Fourier transform for Segment 5 of the time waveform after first applying a Hanning Fig a Baseline parameters the reason for the variation is anything but random. The real test of from ear-canal pressure. Since their discovery, it has been assumed that OAEs are
been explored extensively in terms of distortion products, transient window. Panel Cis for the raw signal while Panel D is for the DIF component. Shown are significance depends on level and frequency. ol Sl seny-arel SipIEl 5 el Hhek ug [GvEls @f Malse EmEmmiTeen reauize
responses and stimulus frequency emissions. Mostly, emissions contain the magnitudes of the spectral peaks at the expected frequencies of the various Each of the subplots of Figure 5 charts . A dot is Dl df qnif " I3t exten5|Ye PIORESANG, 24 iR fEieTt el fefzture ofthe? S}y Bnet e h.'gh
considerable "noise”, particularly at low frequencies. The presence of quadratic [f1+£2| and cubic products [mfi+nf2| (QDPs, CDPs) and each of their respective statistical outcomes for masker (f2) level Fig. 5 Ol IS placed T1or every signiticant correlation correlations have been found between baseline "noise" in the unaveraged signal and
this noise has rendered determining trends in a 13 year longitudinal second harmonics, plus the dc term, symbols as shown in the legend. While one would versus masker frequency (oct distant) -5 = Zg " I TN * ; P Toos the magnitude of DPOAEs, particularly the QDP.  3) These data further support the
7)) R 0- 0‘ ® ~ ! . 1 i 1 . o o . o o . .
study particularly difficult [8]. expect the DPs to reflect some of the time-determined parameters particularly the QDPs, from the probe (f1) frequency. Every o ?;;,;3 Y ) ¢ . 3 2 Tlopee RIX) existence of a ‘self |.nduced bias [1] due. LOIGHCactiviBAwEls mteract!ng Wit
The working hypothesis here is that much of this measurement noise is this does not include the starting values and slopes. All the results presented are point in each box represents a signif- L = so e ool T° o . 1000 ee %0 0% S5 any e>.<ter.nally—appl|.edolow—frequency.b|as. [4'6].)- 4) The outcome .Ieacozls directly to
L : icant cross-correlation between DP O 0 e o T 6 00 o] [ °F T .is%} questioning, "What is signal and what is noise?" in OAEs. 5) These findings help
indeed due to adaptive OHC response. hvdrobic response. or both computed from the DIF component (so the primaries (f1,f2) are differences, see Panel D). o & . s : ool lelg—eeil]
b ti P I dfp . I‘; 4 7 Z ' di ' strength and a baseline parameter. £ 87 ; oo i ; sl pooretel explain difficulties in managing the huge variability in clinical OAE data,
: : : : 3 e e B e e e e I e O Q@0 @0 @e®- : S : : : :
with time courses not allowed for in the usual recording paradigm. Temporal (baseline) and spectral variables defined for comparison .e.664 are significant out of a possible B = s L N B Tt ] 1 et particularly longitudinal data [8]. 6) The notion of studies needing many subjects
If so, it may indicate that, far from improving the characterisation of mun01_r_a1_29062001 fi=3kHz,70dB SPL, 2/f1 = 1.189 (+0.250c) 75dB, Rept: 5 Fiq. 2 4212 comparisons. The significance level —% 3 22(7*—& DL B C BRI C o] [l and complex designs to show significance stems from preconceptions of 'noise".
active processes, the act of signal averaging of the OAE signal may smear I 60 — COM—————— ~ 80 "COM" Rogions : S?' of each point is represented by its size- & © 70 Bl B - e s == T O e R T R |
N ' o v wr > pec T 60 . oo ® o o
and obscure the dynamic nature of the regulatory processes controlling S A o 70-C a : . (ffij) | (small p<0.05; medium p<0.01 and large ® £ so : .ot o : Acknowledgements
S e & S 60 e[fl+%oct . / . = = . . .
.. . L y . 3 , , B | 0+f| (QDP) .. ) O T 90— —e—e T PR ST £tel 1l ST T e These data were collected as part of projects HLPR98.1 & HLPR98.2 at the National Acoustic
emission levels. Worse still, the usual heavy h|gh Pass ﬁlte”ng of the O 50 § 50 I o 2f?—f2?2f2—f1 p<0-001)- Positive and negative correl- 8_ g 80: P e R o 7.8 ® o | :g . Laboratories, which received approval from the Research and Human Ethics Committees.
emission signals to remove the significant low-frequency noise may be g g 20 ” ¢ nanamar ations are red and blue respectively. g c Zg - : . ol ek e
eliminating the key evidence that the forward transduction operating = 0 AT e ™ 2 30 ﬂ ------------- “b 2xf2 : 9 Fso . ° ° . ¢ References
int is dynamically controlled by the OHC electromechanical feedback S e o || 272 e As forFig.4, the columns of boxes show S g % * ° b1 N
Oln IS . Yo €an — X . o @ i ' d ' ' i " ® i i i measurement of two-tone suppression behaviour from human ear-cana
pointis dy Y Y i\ -y \ the same selected baseline parameters, g & w7 2e e 3 e et Pratts sy o e ot
The experimental approach utilizes the same type of nonlinear residue L 20 T Rjo 2o 0L Z.N/ b I A | T dotem but two are added for the asymmetry of L'c%> % . os” SN T - ;. S TP S ‘.' . e T 2t S e DS e e o i O, 22
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holds, then the significance of the approach should be clearly g -0 N S 10 AV v _________ W V [\N o There are at least 4 interesting features: 1) clusters with correlations of one polarity are often flanked by others of opposite polarity, - Lukasthi:, A,N_tasnd :\ussezlcl)(l)zjJDIellgige)r:cgegoilﬁe DPOAEamplitude  12- LePage, E. L. Hysteresis in cochlear mechanics and a model for
demonstrable from the data of any normally-hearing subject. § vod ] | 2 4 | | 2) high correlations still occur at low levels, 3) in the 2 right columns the direction and asymmetry are consistent with a sigmoid B o wq. icelpiasing ofthe cochlear partton: Hear fies. 2005 M e B e e Lo 5t Lot Aoaby voar
= Book; 1992; pp. 106-115.

Time (ms) Frequency (kHz) curve, 4)top right 4 boxes suggest some form of competition between the primaries; more significance for the higher level tone. 7. LePage,E.L; Murray, N.M., and Seymour, JD. Novel otoacoustic baseline



