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Abstract

The influence of variable durations of contralateral acoustic stimulation on the suppression of click-evoked otoacoustic emissions
was investigated in order to determine whether olivocochlear efferent fibers are equally effective whatever the acoustical stimulation
duration or if they show fatigue. The suppression effect was measured for contralateral stimulus durations ranging from 10 to 180 s
prior to the onset of otoacoustic emission recording, and continuing throughout the recording time (60 s). No significant stimulus
duration effect was found.
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1. Introduction

In 1963, Fex described the activation of olivococh­
lear efferents by sounds delivered to both ears (Fex,
1963). Cody and Johnstone (1982) later recorded the
activity of a single medial olivocochlear efferent unit
in response to ipsilateral stimulation, in guinea pigs.
Several studies indicated that almost 60% fibers are
more responsive to ipsilateral stimulations, 30% to con­
tralateral and 10% to both (Robertson and Gummer,
1985; Liberman and Brown, 1986). These results are
supported by anatomical data showing that medial oli­
vocochlear efferents are mainly crossed (i.e., two-thirds)
(Guinan et aI., 1983, 1984; Brown, 1987; Robertson et
aI., 1987) and receive inputs essentially from contra­
lateral structures (Robertson and Winter, 1988). Glob­
ally, the medial efferent system is mainly ipsilateral.

However, a contralateral acoustic stimulation (CAS)
is currently used to activate the olivocochlear efferent
neurons (Buno, 1978; Liberman, 1988; Warren and
Liberman, 1989a,b). Several reasons underlie the wide­
spread use of such CAS. First, applying low-level
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sounds to the contralateral ear enables observation of
effects on overall sound-evoked activity, such as com­
pound action potentials, rather than solely on unitary
responses (Liberman, 1989). Secondly, although the ef­
ferent discharge rates are lower in response to acoustic
stimuli as compared to electrical stimuli, sound activa­
tion may be considered to be closer to natural efferent
stimulation conditions. Thirdly, the non-invasive char­
acter of acoustic stimulation delivered to the external
ear canal greatly facilitates studies in humans, particu­
larly since the discovery of otoacoustic emissions
(OAEs) by Kemp (1978).

Click-evoked OAEs (CEOAEs) represent a particular
kind of overall sound-evoked activity originating di­
rectly from cochlear processes. They are believed to
reflect the oscillation properties of the outer hair cells
(OHCs) (Brownell, 1990), on which medial olivococh­
lear efferent fibers synapse directly. Thus, CEOAEs are
the most direct means of observing overall efferent ef­
fects on the OHCs. Contralateral sound stimulation has
been shown to induce a reduction in CEOAE amplitude
(Collet et aI., 1990; Veuillet et aI., 1991) as well as in
that of distortion product OAEs (Puel and Rebillard,
1990; Chery-Croze et aI., 1993; Moulin et aI., 1993)
and spontaneous OAEs (Mott et aI., 1989). This sup-
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pression effect has recently been demonstrated to be
almost entirely due to the olivocochlear efferents,
although the middle ear muscle reflex pathway may
also be activated by CAS (Giraud et al., 1995).

All recordings of overall responses, such as brain­
stem auditory evoked potentials or OAEs, necessitate
averaging over one to several minutes. For example,
averaging 300 sweeps, as currently used in CEOAE re­
cordings, requires 1 min under optimum conditions.
However, a prerequisite for using CAS during the re­
cording is that the efferents be functional throughout
the recording time. No specific data relating to this
question are, however, available in the literature. In
most protocols described in the literature, it is assumed
that, in using CAS, repeated brief recordings are pref­
erable to one long one. An earlier study by Wiederhold
and Kiang (1970) demonstrated that the decrease in
discharge rate of auditory neurons under electrical stim­
ulation of the crossed olivocochlear bundle (COCB)
persisted as long as the electrical shocks were delivered,
i.e., 350 s. It is not yet known whether the suppression
effect has the same temporal characteristics when the
COCB is stimulated acoustically. The aim of the
present study was to determine whether CAS duration
alters the effectiveness of the efferent system by inves­
tigating the influence of CAS duration on the suppres­
sion of transiently evoked OAEs, which can be consid­
ered as a good physiological indicator of efferent
activation. The results should allow the validation of
commonly used protocols and should provide experi­
mental reference data for the design of new experi­
ments.

2. Material and methods

2.1. Subjects and auditory screening

The experiment consisting of non-invasive recording
of click-evoked OAEs (CEOAEs) in the presence and
absence of contralateral broad-band noise (BBN) of
various durations was performed on a sample of 20
young human subjects. All the subjects were volunteers
and the experiment was conducted with their informed
consent. Recordings took place in a sound-proof room
with subjects recumbent.

Tonal audiometry was performed in a sound-proof
room, using an audiometer (DAH, Madsen) at 0.25,
0.5, 1, 2, 4 and 8 kHz, according to ISO 6189 stand­
ards. Tympanometry and middle ear muscle reflex re­
cordings were performed in a sound-proof room, using
an impedance meter (702, Amplaid).

2.2. CEOAE recordings

CEOAEs were recorded using the Otodynamics

IL088 apparatus with IL088L software. A standard
miniaturized acoustic probe, consisting of a loud­
speaker and a microphone placed in the right external
ear canal, delivered acoustic stimulation and recorded
responses. CEOAEs were analyzed conventionally dur­
ing the 20 ms following the onset of stimulation by non­
filtered 80 us clicks at a rate of 50/s. The IL088 system
controlled stimulus presentation and CEOAE measure­
ment. The amplitude response was calculated automati­
cally from 2.5 to 20 ms in order to eliminate stimulus
ringing artifacts. In each recording session, two sepa­
rate averages collected in related buffers (a and b) were
processed within a pass-band of 0.5-6 kHz by routine
control software. Each a and b average was determined
in the IL088's linear acquisition mode, which presents
260 stimulus sets consisting of four clicks having the
same level and polarity. To test the reliability of
CEOAEs, the a and b averages were compared mathe­
matically (Bray and Kemp, 1987). The magnitude of the
stimulus waveform, expressed in peak equivalency dec­
ibels of sound pressure level (dB SPL), was measured
in the external ear canal and adjusted by the IL088
software. Conventionally, the ear from which
CEOAEs were recorded was considered as "ipsilater­
al".

2.3. Contralateral noise

The contralateral noise was a broad-band noise
(BBN) delivered by a clinical audiometer (455, Am­
plaid) through an earphone (Telephonics, 39P, band­
width 0.05-8 kHz). The BBN was composed of all fre­
quencies between 0.05 and 8 kHz. Individual subjective
perception thresholds for the contralateral BBN were
measured for each subject and found to be equal to
less than 15 dB SL.

2.4. Experimental procedure

CEOAEs were recorded in response to a 63 dB SPL
stimulus in presence and absence of a 35 dB SL (sensa­
tion level) CAS, preceding the onset of CEOAE record­
ing by a variable time (10, 20, 40, 80 or 180 s; see Fig.
1). A CEOAE recording without CAS was made before
each recording in the presence of CAS. At the begin­
ning of the experiment a first reference recording was
made, in the non-linear acquisition mode at 80 dB SPL,
with and without a 35 dB SL CAS delivered simulta­
neously to the CEOAE recording. The CEOAE record­
ing duration was 60 s in most subjects. Recordings lon­
ger than 60 s were eliminated and re-done.

2.5. Suppression effect calculation and statistics

The effectiveness of the efferent system was calcu­
lated by subtraction of the amplitudes of CEOAEs re-
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Fig. 1. Experimental paradigm. Ipsi- and contralateral stimuli. A: CAS begins at onset of CEOAE recording. B and C: CEOAE recording is
delayed by a variable amount of time (10-180 s).

corded in the presence and absence of CAS. The sup­
pression value is expressed in dB.

A one-way ANOVA was performed for the various
CAS duration conditions.

3. Results

The suppression of OAEs, evoked by 63 dB SPL
clicks under 35 dB SL contralateral BBN, ranged be­
tween 0.7 dB and 1.1 dB. These suppression values,
plotted in Fig. 2, correspond to the difference in mag­
nitude between CEOAEs recorded in presence and in
absence of CAS and are consistent with those classically
obtained by the Euclidean distance calculation method
(Chery-Croze et al., 1994) in normally hearing subjects
(Giraud et al., 1995). Suppression was less in the non­
linear acquisition mode at 80 dB SPL than in the linear
mode at 63 dB SPL. Although the non-linear mode
allows much higher stimulation levels, suppression re­
mained stronger for low-level ispilateral stimulation.

This finding is in agreement with the results of Veuillet
et al. (1991).

Fig. 2 describes the effect of CAS duration on
CEOAE suppression. No statistically significant effect
of CAS duration was observed (non-significant AN­
OVA). Despite, a slight decrease in suppression when
the CAS preceded CEOAE recording by 20 s, the CAS
was as effective when its onset was synchronized with
the beginning of CEOAE recording as when it began
3 min before recording. Suppression ranged from 1.1
dB when the CEOAE recording was not delayed to
0.7 dB when the CAS onset preceded the CEOAE re­
cording by 3 min.

4. Discussion

The first aim of this study was to establish experi­
mental reference for the design of new protocols with
overall cochlear response recordings requiring several
minutes averaging. The choice of exploring durations
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Pre-recording stimulus duration (s)

Fig. 2. CEOAE suppression as a function of CAS duration preced­
ing CEOAE recording. The suppression, in dB, is the difference in
magnitude between CEOAE recorded with and without CAS. NL
means one recording made in the non-linear acquisition mode at 80
dB SPL. Vertical error bars represent standard deviation.

ranging from 0 to 3 min preceding CEOAE recording
(corresponding to 1-4 min total CAS duration) was
essentially based on the absence of specific literature
data concerning efferent fatigue under acoustical stim­
ulation conditions. Secondly, the majority of CEOAEs
or brainstem auditory evoked potential protocols do
not require more than 4 min per average. The absence
of significant CAS duration effect, as shown in the
present experiment, might suggest further investigation
of durations longer than 3 min. Only a slight tendency
towards reduction of suppression was observable at
3 min. Therefore, it can reasonably be supposed that
acoustical stimulation has the same long-lasting effec­
tiveness in COCB activation as electrical stimulation
has been shown to have (Wiederhold and Kiang,
1970). Indeed, after 350 s of sustained electrical stimu­
lation of the COCB, these authors observed no alter­
ation in the decrease of the discharge rate of primary
afferent fibers. The absence of suppression alteration as
long as the stimulus persisted reveals an absence of
COCB fatigue. However, 4 min stimulation is possibly
not long enough to cause efferent fatigue, if such exists.

Short contralateral sound durations (80-408 ms)
were used by Hood and Berlin (1995) in a forward
masking paradigm, showing that suppression increased
with noise duration up to 240 ms but then decreased
with longer durations. As Hood and Berlin concluded,
their results confirm in humans those of Liberman and
Brown (1986) for cat efferent fibers which showed a
certain minimum noise duration to be necessary to ac-
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