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Abstract

Background: In the present study otoacoustic emissions (OAEs) were used to evaluate the hearing of partial deafness subjects
who had normal hearing up to 0.5 kHz and severe hearing loss above that frequency. The purpose of the study was to detect
OAEs at 0.5 kHz and determine whether broad-band or band-limited values of OAE parameters were better for distinguish-
ing ears with OAEs from those without.

Material and Methods: The study group consisted of 15 subjects with high-frequency hearing loss above 0.5 kHz. For refer-
ence, a group of 15 subjects with severe to profound sensorineural hearing loss over the whole of the 0.125-8 kHz range was
used. In both groups, click-evoked OAEs (CEOAEs) and tone burst-evoked OAEs (TBOAEs) of 1 or 0.5 kHz were evaluated
using a reproducibility parameter, taking into consideration broad-band, octave, and half-octave band values.

Results: In the study group the best results were obtained by using 0.5 kHz TBOAEs. Clicks and 1 kHz tone bursts general-
ly did not produce a response at 0.5 kHz. TBOAEs at 0.5 kHz enabled the separation of partially deaf ears from ears with se-
vere hearing impairment. Half-octave band filtering yielded the best results; however, it was only slightly better than broad-
band and octave band filtering.

Conclusions: The results of the study indicate that the 0.5 kHz TBOAE is a better stimulus than CEOAE and 1 kHz TBOAE
when cochlear function at low frequency needs to be tested. The half-octave band seems the best choice in order to get fre-

quency-specific information. However the results should be treated with caution since the studied groups were relatively small.
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LAS EMISIONES OTOACUSTICAS PARA LA EVALUACION DE LA AUDICION DE
BAJA FRECUENCIA EN PACIENTES CONSIDERADOS PARA EL TRATAMIENTO DE
LA SORDERA PARCIAL

Resumen

Antecedentes: En el presente estudio las emisiones otoactsticas (EOA) se utilizaron para evaluar la audicién de los pacien-
tes con sordera parcial que tenian audicién normal hasta 0,5 kHz y sufrian de pérdida de audicion severa por encima de esa
frecuencia. El propésito del estudio fue detectar las emisiones otoactsticas a 0,5 kHz y determinar si los valores de banda an-
cha o de banda limitada de los parametros de emisiones otoacusticas son mejores para los oidos distintivos con las emisiones
otoacusticas que para los que no las tienen.

Materiales y métodos: Se analiza un grupo de 15 pacientes con pérdida de audicién de alta frecuencia por encima de 0,5 kHz.
Para referencia, se utilizé un grupo de 15 pacientes con pérdida de audicién neurosensorial severa a profunda sobre la totalidad
de la gama 0.125-8 kHz. En ambos grupos, las emisiones otoacusticas evocadas por click (CEOAEs) y las emisiones otoacts-
ticas evocadas por tono (TBOAEs) de 1 o 0,5 kHz se evaluaron utilizando un pardmetro de la reproducibilidad, teniendo en
cuenta los valores de banda ancha, de octava y de media octava.

Resultados: En el grupo de estudio los mejores resultados se obtuvieron mediante el uso de TBOAEs de 0,5 kHz. Los clics y
las réfagas de tono de 1 kHz en general no produjeron respuesta a 0,5 kHz. TBOAEs a 0,5 kHz permitieron la separacion de
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los oidos con sordura parcial de los oidos con hipoacusia severa. El filtrado de la banda de media octava obtuvo los mejores
resultados, sin embargo, fue sélo ligeramente mejor que el filtrado de banda ancha y de banda de octavas.

Conclusiones: Los resultados del estudio indican que el TBOAE de 0,5 kHz es un estimulo mejor que CEOAE y TBOAE de
1 kHz cuando la funcién coclear a baja frecuencia tiene que ser probada. La banda de medias octavas parece la mejor opcion
para obtener la informacion de frecuencia especifica. Sin embargo, los resultados deben ser tratados con precaucion, ya que
los grupos estudiados fueron relativamente pequefos.

Palabras clave: emisiones otoacusticas e tratamiento de la sordera parcial « reproducibilidad

OTO-EMISSIONS ACOUSTIQUES DANS LEVALUATION DE PAUDITION EN BASSES
FREQUENCES DES PATIENTS CONSIDERES POUR LE TRAITEMENT DE LA
SURDITE PARTIELLE

Résumé

Contexte: [étude présente 'utilisation des oto-émissions acoustiques (OAEs) pour évaluer l'audition de sujets touchés par la
surdité partielle qui entendaient les fréquences jusqua 0,5kHz, mais qui nentendaient pas les fréquences plus élevées. Le but
de cette étude était de détecter les oto-émissions acoustiques a 0,5 kHz et de comprendre quels paramétres des oto-émissions
acoustiques (gamme de fréquences large ou limitée) étaient les plus adaptés pour différencier les oreilles avec les oto-émissions
acoustiques de celles sans OAE.

Matériel et méthodes: Le groupe détude était composé de 15 patients touchés par une perte auditive de hautes fréquences au-
dessus de 0,5 kHz. Le groupe de référence était composé de 15 patients touchés par une perte auditive neurosensorielle sévere
ou profonde sur la totalité de la gamme de 0,125 a 8 kHz. Dans les deux groupes, les oto-émissions acoustiques suscitées par
large gamme de fréquences (CEOAESs) et les oto-émissions acoustiques évoquées par ton pur de courte durée (TBOAEs) de 1
ou 0,5 kHz ont été évaluées en utilisant un parameétre de reproductibilité, en tenant compte des valeurs de la bande large, de
loctave, et de la bande demi-octave.

Résultats: Dans le groupe détude, les meilleurs résultats ont été obtenus en utilisant les oto-émissions acoustiques évoquées
par ton pur de courte durée (TBOAEs) de 0,5 kHz. Les larges gammes de fréquences (clicks) et les impulsions sonores de 1
kHz nont généralement pas produit de réponse a 0,5 kHz. Les oto-émissions acoustiques évoquées par ton pur de courte du-
rée (TBOAEs) a 0,5 kHz ont permis de différencier les oreilles touchées par la surdité partielle - des oreilles touchées par une
grave déficience auditive. Le filtrage de la bande demi-octave a donné les meilleurs résultats, mais il nétait que légérement meil-
leur par rapport au filtrage de labande large et de la bande doctave.

Conclusions: Les résultats de Iétude indiquent que, quand il est nécessaire de tester la fonction cochléaire a basses fréquences,
loto-émission acoustique évoquée par ton pur de courte durée (TBOAE) de 0,5 kHz stimule mieux que lotoémission acous-
tique suscitée par large gamme de fréquences (CEOAE) et que la TBOAE de 1 kHz. La bande de demi-octaves semble étre le
meilleur choix afin dobtenir des informations sur lesfréquences spécifiques. Cependant,, les résultats doivent étre traités avec
prudence, car les groupes étudiés étaient relativement peu nombreux.

Mots clés: oto-émissions acoustiques o traitement de la surdité partielle o reproductibilité

IPMMEHEHUE OTOAKYCTUYECKON SMIUCCHUU /I OLTEHKU
CIbIIIMMOCTU B HUSKOYACTOTHOM JIVAIIA3OHE Y ITIAIIMEHTOB,
HATIPABJIEHHBIX HA JIEYEHUE YACTUYHOMN I''TYXOTBI

Kparkwuit 0630p

Vicropus Bompoca: B HacTosIeM MCCIefOBaHIY IPUMEHSIN 0TOaKyCcTrdecKyo amuccuio (OAE) mis oLeHKY CIblim-
MOCTM Y HALJM€HTOB C YaCTUMYHOI ITTyXOTOI, Y KOTOPBIX COXPAHANIACh CIBILIMMOCTD B nonoce o 0,5 kI ¢ BerpakeH-
HBIM ee CHIDKeHNMeM Ha 60riee BBICOKMX 9acToTax. Llenpio JaHHOTrO nccnenoBanms spistoch onpenenenne OAE mpu 0,5
KI11 1 BbIsICHEHUeE, KaK/e IMEHHO 3HAYeHNsI - IIMPOKOIIOTIOCHBIE V/IM OTPaHIYeHHO-10/10CcHbIe — mapameTpoB OAE 6o-
Jiee TPeJIOYTUTEe/IbHBI /IS OlpefeneHnsi opraHoB ciayxa ¢ OAE u 6e3 TakOBBIX.

Marepuanbl 1 MeToAbl: ONbITHAA TPYIIIA COCTOsA/A U3 15 NallMEHTOB C HAPYUIEHUAMN C/TyXa IIPY BHICOKMX 4aCTOTaX
cepime 0,5 kI11. B KagecTBe KOHTPOIBHO TPYTIIIBI BBICTYIIA/N 15 IAIIIEHTOB C CEHCOHEBPATbHBIMU HAPYIIEHMAMU CITyXa
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CO CTEIeHbI0 BBIPAXXEHHOCTH OT OCTPOIT K0 TIyOOKOII 110 BceMy AmarnasoHy B pepenax 0,125-8 kIii. B obenx rpymmax
nposopnu oueHky OAE ¢ passuruem 1o mendky (CEOAE) u o TonansHoMy Bcriecky (TBOAE) ¢ wactoToit 1 nm
0,5 xI11 ¢ mpuMeHeHMeM ImapaMeTpa BOCIIPON3BOAVIMOCTH, IPMHNMAsA BO BHMMaHNe MIMPOKOIONIOCHbIE, OKTaBHBIE U TTO-
JTyOKTaBHbI€ YaCTOTHbIE 3HAYEHN L.

PesynbraThl: B OIIBITHOJ IPYyIIIIe HAVUTydlIVe pe3yabTaThl ObUIM JOCTUTHYTHI Ipy mcronbsosanuy TBOAE ¢ wacroroit
0,5 xI. lemyxn m TOHaNMbHbBIE BCIUIECKM YacTOTON 1 KITI, KaK mpaBmio, He IPUMBOAWIM K OTBETY Ha yacTtore 0,5 KIiI.
TBOAE na vactore 0,5 xI11 103Bo/mmIm ycTaHOBUTb pasanyne MeX/y OpraHaMy C/lyXa ¢ YaCTUYHOJ ITyXOTOll 1 opra-
HaMU CJTyXa C OCTPbIMU HapylleHuAMM cnyxa. OuabTpoBaHMe B MOTyOKTaBHONM MOIOCE TTO3BOIN/IO MOTYYNUTh HAUTYd-
1IMe Pe3yIbTAThL; TPV 3TOM TaKMe Pe3yNIbTaThl HE3HAYMTETbHO IIPEBBILIA/IN PE3YNbTATHI, IIOTy4YeHHbIE IPY IIMPOKOIIO-
JIOCHOM GVIBTPOBAaHUY ¥ PUIBTPOBAHUM B OKTaBHOJ MOJIOCE.

3akmroueHne: PesynbraTel nccinemoBanys nokasam, 4To TBOAE c wacrotoit 0,5 k11 B TCA MTYYIINM CTUMYISATOPOM
no cpaBHeHnio ¢ CEOAE u TBOAE c gactoroit 1 k1 B 1e/1sx 06c/IeoBaHMsA KOXIeapHbIX QYHKLMIT IPY HU3KMX Ya-
crorax. I[TolyokTaBHas I0/I0CA ABIAETCA HAWIYYLIMM BBIOOPOM JIs IIONTy4eHMA YacTOTHOI nHpopManunu. TeM He Me-
Hee, pe3y/IbTaThl CJIEAyeT TPAKTOBATb C OCTOPOXKHOCTHIO, IIOCKO/IBKY OIBITHBIE TPYIIIBI OBV OTHOCUTENLHO HEBEIUKIL.

KnroueBbie cmoBa: OTOAKYCTUYECKAA SMUCCHA o JICUCHNE YaCTUYHON TTYyXOTBI e BOCIIPOMI3BBOIVIMOCTD ty

Background

Otoacoustic emissions (OAEs) were first described by
Kemp [1] and are now well established in audiological
practice (e.g. [2,3]). The most commonly used OAEs are
click-evoked OAEs (CEOAEs) and distortion product
OAEs (DPOAEs) evoked by two tonal stimuli. OAEs are
believed to be good predictors of hearing status, partic-
ularly in the 1-4 kHz range. However, while DPOAEs
perform more satisfactorily at higher frequencies, CEO-
AEs are better indicators of cochlear function at lower
frequencies [4].

Several studies have used OAEs in cases of high frequen-
cy hearing loss (e.g. [5-7]). The basal (high frequency) re-
gion of the cochlea is most prone to damage and this is
reflected in OAEs. It has been shown that OAEs are ab-
sent in frequency bands having hearing loss and are pre-
sent whenever hearing levels are better than 20 dB HL. It
has also been observed that low- to mid-frequency OAEs
are reduced in amplitude (compared to subjects with nor-
mal hearing) in frequency regions below those showing
compromised hearing.

OAEs can also be evoked by tone bursts, which are short
stimuli centered at a certain frequency. Several studies (e.g.
[8,9]) have shown that the spectral content of a sum of tone
burst-evoked OAEs (TBOAEs) centered on the 1-4 kHz
region corresponds to that in a CEOAE. It is neverthe-
less the case that for tone bursts, the same level of stimu-
lus as the equivalent click gives a higher level of OAE (e.g.
[10]). Therefore tone burst stimuli have an advantage over
standard click stimuli in some difficult cases. It has been
determined that use of 1 kHz TBOAEs may reduce refer-
ral rates in screening outcomes [11] and 0.5 kHz TBOAEs
may provide an advantage over CEOAEs when searching
for responses at frequencies lower than 1 kHz [12-14].

In the present study the main interest was in subjects with
a particular audiogram configuration: partial deafness sub-
jects with normal hearing up to 0.5 kHz and severe hear-
ing loss above that frequency. CEOAEs and 1 and 0.5 kHz
TBOAEs seem to be the most promising OAE types for this
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application. DPOAEs seem to be the least useful OAE for
studying partial deafness: they perform rather poorly at low-
er frequencies, especially at 0.5 kHz where they are unable to
distinguish hearing impaired from normal hearing ears [4].

The purpose of this study was to detect OAEs at 0.5 kHz
in partially deaf subjects and determine whether broad-
band or band-limited values of OAE parameters were bet-
ter at distinguishing ears with OAEs from those without.

Material and Methods

Subjects

The subjects tested consisted of adults with partial deafness
and those with impaired hearing (almost totally deaf). In
detail, the two groups had:

« Severe to profound sensorineural hearing loss — 12 sub-
jects (6 females, 6 males), 15 ears, age 46+5 years. Hear-
ing loss over all audiometric frequencies (0.125-8 kHz).
This group was formed from ears that did not exhibit
OAEs and was used for purposes of reference.

Partial deafness — 13 subjects (7 females, 6 males), 15
ears, age 32+4 years. Normal hearing thresholds for fre-
quencies up to 0.5 kHz and severe sensorineural hear-
ing loss above this frequency.

Average audiograms for all groups are given in Figure 1.
Procedures

OAEs were measured in a quiet environment using an
ILO-96 system (Otodynamics Ltd, Hatfield, UK) running
software version 5. Standard click stimuli and 0.5- and
1-kHz tone bursts (average amplitude 80+3 peak dB SPL,
nonlinear averaging protocol) were used to evoke a total
of 520 OAE responses. The tone bursts were four cycles
long with equal rise/fall times and no plateau. The early
part of the response was windowed automatically by the
system to minimize stimulus artifacts. The window was
0-2.5 ms for clicks, and 0-10 and 0-5 ms for 0.5- and
1-kHz tone bursts, respectively. Recordings were made
in two acquisition windows: the standard one ending at
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Figure 1. Average audiograms for the groups studied:
partial deafness (squares), severe to profound
sensorineural hearing loss (circles). Error bars
indicate standard errors.

20 ms for clicks and 1-kHz tone bursts, and one ending
at 30 ms for 0.5-kHz tone bursts. The use of a 30 ms win-
dow for the 0.5 kHz TBOAE was designed to accommo-
date emissions whose latency may often exceed that of the
commonly used 20 ms window [13].

All OAE recordings were evaluated in terms of a repro-
ducibility parameter. Estimates of this value were made for
full-bandwidth and octave and half-octave bands (both at
0.5 kHz). Reproducibility was measured as the percent-
age correlation between two buffers of sub-averages [15].

Receiver operating characteristic (ROC) and area under
the ROC curve (AUC) were used to gauge the efficien-
cy with which OAEs can identify the presence or absence
of hearing loss. An ROC curve plots the relative propor-
tion of hits (sensitivity) against the number of false alarms
(1 - specificity). Sensitivity is the likelihood of identify-
ing an ear as impaired when hearing loss is present; spec-
ificity is the chance of identifying a normal hearing ear as
normal; and efficiency is the proportion of ears that are
correctly identified. AUC values range from 0.5 for a test
with no diagnostic ability to 1.0 for a test with perfect di-
agnostic ability.

Results

In this study the OAE responses at 0.5 kHz were of particular
interest as 0.5 kHz was the highest frequency at which hear-
ing levels were in the normal range. In Figure 2 examples
of reproducibility for CEOAEs and 1 and 0.5 kHz TBOAEs
are shown. This subject had hearing thresholds better than

CEOAE 1 kHz TBOAE 0.5 kHz TBOAE
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Figure 2. Examples of reproducibility values for CEOAE, and 1.0 and 0.5 kHz TBOAEs, for a partial deafness subject
(normal hearing for frequencies up to 0.5 kHz and severe hearing loss above 0.5 kHz). Global values as well as
octave and half-octave band values around 0.5 kHz are shown.
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Figure 3. ROC curves for reproducibility for each type of OAE and for partial deafness patients with normal hearing up
to 0.5 kHz. Calculations are based on global (broad-band) and octave and half-octave values around 0.5 kHz.
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Table 1. AUC values for Figure 3.

CEOAE 1 kHz TBOAE 0.5 kHz TBOAE
Global 0.73 0.73 0.94
0.5 kHz octave band 0.69 0.54 0.96
0.5 kHz half-octave band 0.74 0.60 0.97

20 dB HL for frequencies up to 0.5 kHz and higher than
50 dB HL in the remaining frequencies. The reproducibil-
ity values for broad-band (global) and octave and half-oc-
tave bands at 0.5 kHz are shown. Values for higher frequen-
cies were not taken into account as it was unlikely that the
studied group exhibited OAEs in this range. It may be seen
that reproducibility for CEAOEs and 1 kHz TBOAEs did not
exceed 50% (the smallest value for which one can consider
presence of any response). On the other hand, 0.5 kHz re-
producibility was better than 60% for broad-band analysis
and even higher than 80% for band-limited values.

ROC analysis was used to determine which type of stim-
uli best separates partially deaf subjects from totally deaf
ones. ROC curves were calculated for the study group (i.e.
partial deafness) versus the group with severe hearing im-
pairment at all audiometric frequencies. The ROC curves
for reproducibility are shown in Figure 3, with correspond-
ing AUCs in Table 1.

The ROC analysis demonstrated that CEOAEs were not
useful in differentiating the study group. Similar values of
AUC (around 0.7) were obtained for all bands. The 1 kHz
TBOAE performed even slightly poorer. However this
might be expected as it was studied for the 0.5 kHz band,
which is slightly off the stimulation value. Therefore it is not
surprising that the best results for the 1 kHz TBOAE were
obtained for broad-band values. The 0.5 kHz TBOAE ena-
bled the best separation, with AUC >0.9 for all bands. The
highest AUC values were obtained for the half-octave band.

Discussion

The purpose of this study was to evaluate OAEs as a tool
for assessing the hearing status of patients considered for
partial deafness treatment (PDT, as introduced by Skarzyn-
ski et al., [16,17]). It was found that CEOAEs and 1 kHz
TBOAESs are not good predictors of hearing status at 0.5
kHz. On the other hand, 0.5 kHz TBOAEs had high lev-
els of reproducibility and enabled satisfactory separation
of partially deaf ears from ears with severe to profound
hearing loss at all audiometric frequencies.

The properties of OAE parameters such as reproducibility,
response level, and signal to noise ratio in relation to dif-
ferent frequency bands have been investigated in several
studies (e.g. [4,12]). Usually it was the case that CEOAEs
were not efficient at 0.5 kHz. The same property was re-
produced in the present study.
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It might be expected that the 1 kHz TBOAE would not
be especially effective at 0.5 kHz. Nevertheless, since
tone bursts stimulate quite broad regions of the coch-
lea it seemed important to prove this experimentally. It
is therefore not surprising that for the 1 kHz TBOAE the
best results were achieved for broadband reproducibility
rather than at bands centered at 0.5 kHz (Table 1).

For the 0.5 kHz TBOAE, analysis of the broad-band, oc-
tave, and half-octave band reproducibility parameter yield-
ed similar results. However the half-octave band provid-
ed slightly better results than other two. The half-octave
band seems the best choice in order to get frequency-spe-
cific information. Other authors also recommend use of
half-octave bands in OAE analysis [12].

It should be pointed out that the ROC analysis used here
differs from that used in most OAE studies. Usually this
type of analysis is performed for a group of normally hear-
ing ears and a group of ears with various levels of hear-
ing impairment. In such an analysis, partially deaf subjects
would be in the second group and their low-frequency
hearing would be undetected. Therefore here the partial-
ly deaf ears were analyzed in comparison with ears that
had broad-band severe hearing loss.

CEOAE:s are absent in the majority of patients considered
for cochlear implantation. This paper shows that the pres-
ence of a 0.5 kHz TBOAE could be used as one test in the
diagnostic procedure for PDT. The 0.5 kHz TBOAE test
could be particularly helpful when pure tone audiome-
try is not possible.

To conclude, the 0.5 kHz TBOAE is more reliable than
the CEOAE in the case of activity at low frequencies. The
0.5 kHz TBOAE is a promising tool for the detection of
emissions in patients with deep, high-frequency hearing
loss when click stimuli do not produce OAEs. Neverthe-
less, the results should be treated with caution since the
study groups were quite small.
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