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ASome healthy cochleae produce spontaneous Relating SFOAE Amplitude and Phase to SOAE Frequency A39-year-old female.

otoacoustic emissions (SOAEs) however their A History of chronic otitis media with effusion; multiple tympanic

use in evaluating cochlear status is limited. membrane ruptures in childhood.

AA common trend across subjects is the correspondence of SOAEfrequencies to peaks in SFOAEamplitude. A Hypermobile tympanic membranes (Figure 5)

AEvoked emissions are more commonly

measured and have significant clinical value: AThere is variab?lity In SFQAEampIitude and overall shape among different subjects. As illugtrated below some subjects displayed relatively broad SFOAE A Behavioral thresholds within normal limits (Figure 6).
traditionally distortion product and transient- responses (Subject 3), while other responseswere more confined to areas around SOAEs(Subject 4). A Subject displayed robust SOAEsbilaterally.

evoked OAEs (DPOAEs, TEOAES) have been AThe phase for SFOAEsvaries with respect to frequency, and the overall slope appears to be steeper at 20 dB SPLas compared to higher levels, 40-70dB SPL A SFOAEswere generally low amplitude with high error.

used, but their generation is complex. (Schairer et al, 2006). A SFOAEresponses were most reliable at frequencies of SOAE
AStimulus-frequency  otoacoustic  emissions presence.

(SFOAES),evoked using a single stimulus tone,

may be simpler. Subject 3, Right Ear

. _ _ g 12 Subject 6, Right Ear : : : :
AHowever, controversy over interpretation of ! Fi 1: Relationship betw | Figure 5: Behavioral thresholds were obtained using
SEOAEshas limited their use. T S'giré an.d SeF%'XEZ Isvoke% aetego < standard audiometric techniques (insert phones, good
3wl = oL reliability). Results reveal hearing sensitivity within normal
APrevious research has suggested that SFOAEs g Ziiw dB SPLin three representative ears. g LA limits (y<)‘25 dB HL, indicated witﬁ grey shgding) from 250
(Talmadge et al, 2000) and SOAEs (Shera, § showfeal B and A n AR 8 B B 0 Bl Top plots show SFOAE amplitude g = et Pl to 8000 Hz bilaterally.
2003) arise from place-fixed reflection sources 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 (evodke(lj. W|)th ZOddBSgIZII_Eprobel.lte\éel 2 AT i Vi
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cochlear perturbations or roughness. N (black line). SFOAE noise floor is ey i o
ALinear coherent reflection model (Shera, 2003) L represented by grey dotted line. 0. ~ —
further hypothesizes that SOAEsand low-level g | Bottom plots show unwrapped _ o} < o =
SFOAEshave a common origin. S | SFOAEphase. Vertical bars in each g s} ;; o
) 5 o | plot represent standard error. S of E st
AViodel predictions suggest that this relationship = & ol < ol
IS strongest at levels closest to threshold. 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 Y w— : .
A‘lOWever, preViOUS studies Considering SFOAE Probe Frequency (Hz) 1000 1500 o ;r()eo(?uency (szs)oo 3000 3500 400 -300 _z:ess;c:(dap;) 100200
!de]\;il Zg\éleBt}épFI’ia”y not used probe tones lower Figure 4: Relationship between SOAE and SFOAEs evoked at Fi_g#re 226 HTympbanometryE meas:Jrecli n ”193 riglht ea&
: : 20 dB in the right ear Top figure displays SOAE and SFOAE with a Z probe tone. Ear canal volume 1.5 mi, pea
frequency. Bottom figure is the unwrapped SFOAEphase. Similar Acoustic admittance Is beyond normal limits for — adults
QUeStiOnS Estimated SFOAE Phase Accumulation results were observedin the left ear (0.3-1-40m|" I?C:‘Icated mlth grIey ooy S;mllarsrezylts
\ ) were seen in left ear. Normal tympanogram from Subject
Between Adjacent SOAE Peaks ADue to a common source, the differences in SFOAEphase between those frequencies of adjacent 1 (admittance 0.8ml) is included for comparison (black
P q J
AHow do SFOAEsevoked with low-level probe I SOAEpeaks are predicted to be integer numbers. curve).
tones (20 dB SPL) compare to the results of 97 § Evoked SFOAE ACalculating these phase differences is another means to test our data with coherent reflection
similar studies using higher levels? 5 g Spontancous OAE model which hypothesizes correlation between SOAEand SFOAEgeneration.
ADo our dat rt predictions m linear A s by . . . .
Coohgfenﬁeiégﬁgﬁ mr(amtleec:?c ons made by 7 - T N e SO AData tend to cluster around integer values, although several non-integer values are observed. This D|SCUSS|On
' U L may be due to poor phase unwrapping or phase shifts that are indicative of mechanical
6 perturbations.

ARegardless of the validity of the linear coherent reflection model, our results indicate a clear inter-relationship between
SOAEsand SFOAEsbserved both in magnitude and phase characteristics.
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AThe relationship between SOAEsand SFOAESSs readily apparent when stimulation is at low levels.

Methods ;-

Figure 2: Histogram displaying SFOAE phase accumulation between SOAE frequencies in 9 ears. )
Difference values greater than 8 (n=2) were excluded. Data points were sorted into 0.2-cycle bins. APresumably, because generation of SOAEsand low stimulus level SFOAESSs confined to a more focused region of the basilar

membrane, this limits the interference from other sources, such as nonlinear distortion.

ASubiects 7 normal-hearina (thresholds O25 ' Inset : illustration of the relationship between adjacent SOAEfrequencies and cycles of phase difference in ) _ L _ L _
4B IllL) tamales 20-39 yearg oﬁ d. 11 ears; only .. . I I SFOAEsn Subject 4. Phase cycle differences approximate integer values. This method was used for all ears AThe present dgta are broadly consistent Wlt.h linear coher_ent reflection model, bqth with mc_:reased SFOAEamp!ltudes about
eluded individuals with robust S 0 AEact’ivity 1 5 3 4 . 6 . to extract information for histogram at left. SOAEfrequencies, and SFOAEphase behavior demonstrating a degree of correlation regarding SOAEpeak spacing.
ATesti ducted i d-treated booth Phase Difference (cycles) AAt low levels, responses may be more affected by individual threshold differences. Could stimulating at sensation level
esting conductedin a souhd-treated bootn. provide less variable results across subjects?
AFnFe%;solﬁemerr?tls?rorc):g(I)igreated u?r?d situfotat tr?él Level Dependence of SFOAE Phasé&radient Delay (NSFOAQ AOne normal-hearing subject with middle-ear pathology suggests different effects of middle ear on SOAEsand SFOAEs It

may be that SOAEsare i o avea ywhde SFOAEsare an t wwa ypoocess Cana simple middle ear model account for such

beginning of each session ,
g g differences?

SFOAE Phase Gradients

AFrequency region investigated for presence of
SOAEsS 200-6000Hz. SOAE presence ) i N floacti
confirmed with 40 dB SPL suppressor tone ABased on linear coherent reflection

/ theory, SFOAE phase is expected to
resented a100-200 Hz below each SOAE SRR o el | | |
P £ DERW change with frequency. I e e e Page, oo inBe® s & L ACknowledgements

ASFOAEs measured  with off-frequency
suppression paradigm (suppressor 40Hz above
probe); 20dB SPL probe tone, 35dB SPL
suppressor

AN values (Figure 3) represent the

normalized rate of phase accumulation ok —
expressedin periods. e
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AThe trend line for this data set, measured =
at 20 dB SPL, is greater than previous than 10 dB SNR Three loessfit lines

: : are shown; present data at 20 dB
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ASEOAE measurements focused  around ABased upon data reported and observed,

frequency regions of known SOAE presence
(beginning a200Hz below lowest-frequency
SOAE and ending a200Hz above highest-
frequency SOAE)

Al

10




