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Forward masking in different cochlear implant systems

Colette Boéx,? Maria-lzabel Kos, and Marco Pelizzone
“Centre Romand d’'Implants Cocld@es,” University Hospital, Geneva, Switzerland

(Received 28 January 2003; revised 12 July 2003; accepted 26 July 2003

The goal of this study was to evaluate, from a psychophysical standpoint, the neural spread of
excitation produced by the stimulation of different types of intracochlear electrode arrays: the
Ineraid™, the Clarion™ S-Series on its own or with the Electrode Positioning Sy&E®, and

the Clarion™ HiFocus-1 with the EPS. The EPS is an independent silicone part designed to bring the
electrode array close to the modiolus. Forward masking was evaluated in 12 adult s(®jects
Ineraid™, 4 Clarion™ S-Series, 3 Clarion™ S-Seti&PS, 3 HiFocus-+EPS by psychophysical
experiments conducted using trains of biphasic stinfBdi3 pulses per second, 307.8/phasg

Masker signalg+8 dB re: threshold, 300 mswere applied to the most apical electrode. Probe
signals(30 ms, 10-ms postmaskewrere delivered to more basal electrodes. Masked and unmasked
detection thresholds of probe signals were measured. For both Clarion™ HiFocus-l subjects,
measurements were conducted in both monopolar and bipolar stimulus configurations. No major
differences were found in forward masking between the different intracochlear electrode arrays
tested in the monopolar configuration at suprathreshold levels equivalent to those used in
speech-coding strategies, but significant differences were found between subjects. A significant
negative correlation also was found between the level of forward masking and the consonant
identification performance. These measurements showed that the neural spread of excitation was
more restricted in the bipolar configuration than in the monopolar configuration for HiFocus-I
subjects. It was found that CIS strategies implemented without using apical electrodes, which
showed high levels of masking, could improve consonant identification.20@3 Acoustical
Society of America.[DOI: 10.1121/1.1610452

PACS numbers: 43.64.Me, 43.66.DBLM |

I. INTRODUCTION to refractory effects of the auditory-nerve fibers or to central
effects. The refractory effects are due to the fact ttiat
Existing multichannel cochlear implant systems allowfibers cannot produce a spike in response to an excitation
adult patients that became deaf after the acquisition of lanwhile not having partially recovered from the generation of a
guage to recover oral speech communication. Cochlear imprevious spike or that?) fibers need stronger excitation to
plants also allow congenitally as well as prelingually deafproduce a spike in response to an excitation while not having
children to adopt oral language as a main mode of commucompletely recovered from the generation of a previous
nication (Svirsky et al, 2000. Some of the efficiency of gpike segMiller et al, 2001 for a review If the delay be-
multichannel cochlear implants is thought to be due to thgyeen the masker and the probe is long enofagfout 7 m
stimulation selectivity of each of the intracochlear elec-i,¢o refractory effect should not influence the results of
trodes. This stimulation selectivity contributes to the fre'forward-masking experiments. Central effects remain poorly
quency selectivity of the acoustic sounds 'Fhat cochlear imyngerstood but they certainly play an important role in
plant systems transmit to the central auditory system. We, .\ arq.masking results obtained with electric hearing

expect that if each electrode excites a limited population OEShannon 1990: Shannon and Otto. 1990: Nelson and
auditory-nerve fibers, the stimulation of each eIeCtrOdeDonaldsoryl 2001’ 2002 ' '

_should provide spectral informatioq. At_present, this selectiv- In order to analyze the stimulation selectivityie spread
ity and its effec.t on speech reception is poor!y und.erstoo.d.of excitation) of different intracochlear electrode arrays, we

The excitation spread produced by electrlcgl Stlrnljlatlonmeasured forward masking at levels similar to those used in
can be measured with forward-masking experimestsan- sound coding strategies. We measured forward masking at
non, 1983a, 1983b; Tong and Clark, 1986; Létal., 1989; :

Cohenet al. 1996: Chatterjee and Shannon, 1998: Throck_comfortable hearing levelsnasker: 8 dB above threshglich

morton and Collins, 1999 Shannon(1983a proposed that a group of 12 subjects. We conducted forward masking for
' i i id™

the level of masking obtained in forward masking was due inSUbJ.ects who rgcewed the Inera|d' elect.rode array, the

Clarion™ S-Series electrode array with or without the Elec-

part to the overlap of the population of fibers excited by thetrode Positioning  System(EPS, and the Clarion™

masker with the population of fibers excited by the probe. . : .
Indeed, the naturg og forward masking is the rezult ofF:jiffer—'_"'zocus'I _e]ectrode array W'th the EPS. The EPS is an inde-
ent neural masking phenomena. Neural masking can be d ndent S|I|cone.part designed to plgce the electrode array
close to the modiolus. Forward masking was measured suc-
cessively in different electrodes for a masker applied on the
dElectronic mail: colette.boex@hcuge.ch most apical electrode available for stimulation. For both us-
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ers of the Clarion™ HiFocus-I electrode arraysr whom 3076 us >ye 10 ms =< 30 ms

the masker level could be reached within the stimulator- |‘ [‘ ,
. - . ~ Probe Signal
compliance limitg, we also measured forward masking for
bipolar stimulus configuration. Forward masking was not
measured in bipolar configuration for Ineraid subjects as this—rl_l—rl_l—ﬂ- Masker Signal

implant was not designed to support this stimulus configura- |

—— 1.23ms

tion. In this case, the Ineraid implant would present only 5
channels and very large bipolar paiedectrodes are 4-mm FIG. 1. Scheme of the masker and probe signals used in the forward-
distan). They were also not conducted in Clarion™ S-Seriegnasking measurements. Stimuli were all biphd8it3 pulses per second,
07.6 us/phase Masker signals were 300-ms durati¢rero rise—decay

because of compliance limits in these cases. It was not po%nes). Probe signals were 30-ms durati@@ero rise—decay timgsProbe

S_ible t(_) reach suprathreshold levets8 dB) in bipolar CON-  and masker signals were always first positive biphasic pulses. The probe
figuration. In order to analyze the effect of forward maskingsignal was presented 10 ms after the setting off of the masker signal.

on speech reception performances, all subjects were also

subjected to consonant identification tests. In addition, th%econd 307.6us/phase, Fig. )L The maske(300 ms was
information gather_ed through these experiment; was used t:‘?et at 8,dB above the d,etection threshold of the masker elec-
adapt CIS §trateg|eé/V|Ison ?t aI'Z 199]) for SUbIECt§ who trode. It was clearly perceived and comfortable for all sub-
showed apical electrodes with high levels of masking. jects. This level of masker was expected to be high enough to
allow the observation of the masking effect on a probe elec-
Il. METHODS trode distant more than 6 mm away from the masker. Masker
A. Subjects was applied to the most apical electrode, and its effects on
the detection thresholds of the probe signals on other elec-
trodes were measured. The probe sigf® m9 was pre-

et al, (2003], Three subjects received the Ineraid™ implantsem.eOI 10 ms after the end of the mask_er. This de_lay_was
applied to limit refractory effects and residual polarization

(103, 109, and 134, four subject4C05, C06, C24, and C30 :
. : effects on the forward-masking measurements.
the standard Clarion™ S-Series electrode array, three sub- o : I
jects (Cp08, Cp14, and Cpi@he S-Series electrode with The electric stimuli were gent_arated using the_CIanon
J ' ' Research InterfacéCRI, Wygonskiet al, 1999, which al-

EPS, and two subjectsH26 and H2J received the lows custom control of all stimulation parameters. The cur-
HiFocus-I electrode with EPS. All subjects except subjects P '

Cpo8 and Cpi8 were bilaterally, profoundly, and postlin-rem amplitudes delivered through intracochlear electrodes

qually deaf. Subjects Cp08 and Cpl8 suffered from severlvere not exactly proportional to the requested currents over

deafness in the contralateral ear. Within this group differenﬁ1e entire .electrlcal output range. They depended slightly on
. ; R S electrode impedance. These limitations can lead to measure-
etiologies of deafness were foulilondini, Meniere’s syn-

drome, traumatic, streptomycin, multiple otitis, viral labyrin- ment error in psychophysical experiments. Therefore, we de-

thitis, otosclerosis, congenital, or unknowrt the time of voted special attention to improve the control of the symme-

the study, subjects were between the ages of 39 and 73 yee}Fg and the amplitude of current biphasic pulses. For this, we

} . uSed special look-up tables based on calibrations. One table

old (mean: 53 years and 10 month§hese experiments were : ) - . .
conducted within the ethical guidelines of the Declaration of V23 bu'.lt measuring, for each clinical unit, the effective cur-
Helsinki. rent delivered by the current source of thg Research Implant-
able Cochlear Stimulato(RICS). We defined from these
tables the clinical units required to provide the desired cur-
rent amplitudes. These tables were defined for each electrode

Detection thresholds were measured for the probe alonénpedance reported for all subjects in Boet al. (2003.
the masker alone, and the probe in presence of the maskémpedances were evaluated from the clinical setup imped-
This was carried out using a 3-alternative-forced-choiceance measurement¢SCLIN) using sine wave§1000 H3 at
(3AFC) “one up/two down” adaptive procedure converging very low levels. We also evaluated impedances of Ineraid™
to a level where approximately 70.7% of stimuli are detectecklectrodes using sine wave€sd00 H2 at very low levels. In
(Levitt, 1971). The subjects were asked to indicate in whichmonopolar configuration, maximum impedances and cur-
interval they perceived the probe signal in addition to therents used in the present study were lg@spectively, 18 &
masker. Feedback was provided. Each measurement startadd 60uA). In these limits current sources behaved almost
with a clearly detectable signal. One detection thresholds perfect current sources. As an example, if impedance de-
measurement was obtained after gathering six revetdals creased from 18 to 13(k (27% lowe), stimulation ampli-
scending and ascending segmgngignals were decreased tude would increase from 60 to G2A. In bipolar configu-
initially by steps of about 15% of the initial amplitude. For ration, because the HiFocus-l subjects were SAS
the second and third reversals the steps were halved. Ori8imultaneous Analog Strategy, Battmetral, 1999; Os-
threshold was computed as the mean of the last four descenberger and Fisher, 1998peech strategy users and, because
ing segments of the staircase procedure. The detectiainat strategy stimulates all electrodes, monopolar impedance
thresholds indicated in the present study were calculated af each electrode used could be considered and summed to
the mean of at least two threshold measurements. Forwakfine the bipolar impedances. For these subjects, maximum
masking was measured for biphasic stim@L3 pulses per bipolar impedances and currents used in the present study

All 12 subjects who participated in this study also par-
ticipated in previous electrical interaction experimefidsex

B. Experiment design
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were low (24 k() and 130uA or 33 k() and 100uA). In jacent electrodes, with the more basal electrode of the pair
these limits current sources behaved almost as perfect curreased as the ground electrode. The masker signals were ap-
sources. As an example, if impedance decreased from 24 mied between electrodes 2 and 3. The probe signals were
18 k() (27% lowep or from 33 K) to 24 K (27% lowe), applied successively between electrodes 4 and 5, 8 and 9, 12
stimulation amplitude would increase from 130 to 32 or  and 13. Thus, the nominal distance between the probe and
from 100 to 109uA, respectively. the masker electrode pairs was 2, 6, and 10 mm, respectively.
To conduct these measurements in Ineraid subjects, we
connected directly the channel output of the RICS providedy consonant identification tests
with the CRI to the Ineraid™ electrodes via their percutane-

ous plug. Speech reception was evaluated through closed-set me-

dial consonant testdelizzoneet al, 1993 and initial con-
sonant tests. Each test consisted in the presentation of 56
tokens using the 14 French consonants /b, d, f, g, k, |, m, n,
Three different types of electrode arrays have beelb, r.s, t, v, and z/, in the form “aBa,” “aDa,” etc. Tokens
tested. were presented in a random order and feedback was not pro-
The Ineraid™ electrode array has six intracochlear platiyided. Medial consonant tokens were spoken by one male
num electrodes. Each electrode is a platinum 0.5-mMmgpeaker. Initial consonant tokens were spoken by two female
diameter ball. The distance between the centers of electrodgg,d two male talkers.
is about 4 mm. In monopolar configuration, the stimuli were Speech tests were conducted without visual cues. Sub-
applied between one intracochlear electrode and an externjfélctS were seatel m from the loudspeakéFostex™ UP203
electrode used as a far-field ground electrode, placed undg; in a sound-proof chambeflAC 1201A). Tests were
the temporalis muscle. Electrodes were numbered from thSIayed from the Turtle Beach™ Pinnacle™ Pro Series sound
most apical electrode to the most basal pair from 1 to 6. Theard. Sound levels were adjusted with an EMB™ P 300 am-
masker signals were applied to electroderbst apicaland  pjifier. The overall level of the tokens was about 75 dB peak

the probe signals were successively applied to electrodes §p| A, Scores were expressed in percent of correctly iden-
2, 3, and 4. Thus, the nominal distance between the probgfied consonants.

and the masker electrodes was 0, 4, 8, and 12 mm, respec-

C. Electrode types

tively. E. Speech processor
The preformed Clarion™ S-Series electrode array P P
(Kessler, 1999was implanted either alone or with the Elec- The Ineraid subjects had been using a CIS strategy for at

trode Positioning System{EPS. The Clarion™ S-Series least 4 yeargsGeneva Wearable Processors, Pelizzenal,
electrode array has eight pairs of electrottmse medial, one 1995, 1999. The Clarion subjects who received the S-Series
latera). Each electrode is an iridium—platinu(@0:10 0.3-  electrode arraywith or without the EP$had been using the
mm-diameter ball. The distance between each pair is 2 mnstandard Clarion™ CIS strategy. The Clarion subjects who
Each pair consists of one medial and one lateral electrodeeceived the HiFocus-I electrode array had been using a SAS
positioned radially, 0.6 mm distant from each other. Elec-strategy. The Clarion subjects had been using their implant
trode pairs are numbered from the most apical electrode pafpr at least 1 year and for less than 4 ye@rgean:2 yeans
to the most basal pair from 1 to 8. In monopolar configura-  Subjects C05, Cp08, Cp14, Cp18, and C30 tested differ-
tion, the stimuli were applied between a medial electrode anént CIS strategies, implemented with reduced numbers of
the base of the implanted receiver—stimulator case used asséimulation channels. All strategies were implemented using
far-field ground in the Clarion™ S-series system. Thethe clinical Clarion™(SCLIN) platform. Each time a chan-
masker signals were applied to medial apical electrode 1 andel was switched off, the same input frequency range was
the probe signals were applied successively to medial eleshared across the remaining electrodes and the rate of stimu-
trodes 1, 2, 4, 6, and 8. Thus, the nominal distance betwedation maximized.
the probe and the masker electrodes was 0, 2, 6, 10, and 14
mm, respectively. lIl. RESULTS

The Clarion™ HiFocus-| electrode array has 16 elec—A F d- K . ;
trodes. Each contact is rectangular in sh&p&x0.5 mm) - rorward-masking expeniments
and made from pure platinum. The distance between the cen- The masker signals were presented on the most apical
ters of electrodes is 1 mm. This array was implanted with theslectrode that could be stimulated. Masker levels were set at
EPS. Electrodes are numbered from the most apical electrod dB above the masker threshold. The masker amplitudes
to the most basal from 1 to 16. In the monopolar configuraused for each subject are reported in Table I.
tion, stimuli were applied between one electrode and the In Fig. 2, the thresholds for the probe alone and the
base of the implanted receiver—stimulator case used as a farasked probe conditions are plotted as a function of the
field ground in the Clarion™ HiFocus system. The maskeristance between the masker and the probe electrodes for
signals were applied to electrode 2 and the probe signal:onopolar stimulation and in Fig. 3 for bipolar stimulation.
were applied successively to electrodes 2, 4, 8, 12, and 1&he nominal distancegabscissp between the probe elec-
Thus, the distances between the probe and the masker eldede and the masker electrode were determined from the
trodes were 0, 2, 6, 10, and 12 mm, respectively. In theslectrode designs. The probe threshalttngles pointing
bipolar configuration, stimuli were applied between two ad-upward$ were generally lower than the masked probe
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TABLE I. Amplitudes of masker signals set 8 dB above the threshold of thethresholds(triangles pointing downwarglsIn some cases,
masker electrode in the monopolar and bipolar stimulus configurations. S

prathreshold level¢8 dB) could not be reache¢because of compliance

limits) in the bipolar configuration for S-Series subjects. Neural masking

Yhe thresholds for the probe alone and masked probe condi-

tions were similare.g., subject H29 at 12 mm, subject H26

measurements were not conducted in bipolar configuration for Ineraid supat 10 mm in monopolar configuratipnindicating a negli-

jects. gible masking at those distances. In bipolar configuration,
" : . Binol . subject H26 did not show any differences between his probe
. onopoiar masker Iporar masker thresholds and his masked probe thresholds, indicating an
Subjects signal (uA) signal (uA) .
absence of forward masking.
103 55 Thresholds and masked thresholds could be very differ-
:gi 2; ent across subjects, even for the same type of electrode array
Co5 26 (e.g., .subject Cp18 in comparison .to subjects Cp08 or £pl4
co6 25 Masking was computed as the ratio of masked probe thresh-
c24 36 olds to probe alone thresholdsnasked probe threshold/
C30 32 probe threshold alonén the monopolarFig. 4) and in the
gggi ig bipolar configurationgFig. 5).
Ccpis 60 In the monopolar configuration, the largest masking was
H26 21 79 observed when the probe and the masker electrodes were
H29 23 209 both on the same most apical electr¢g@eanm). The masking
at 0 mm could be very different across subjects implanted
60 T T T T T 60 T H T T T
A ! Subjecti03 i Subject 109
< sl e
e
[]
S 40
8
£
H 30
2
8 20 1
D9 IS S SN S SN SR IRy I S S S SO S 5 NV U S N S S S N
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
e S 60 R S 60 — T
~ : Subject €05 : Subject C06: : Subject C24:
g s0f : 50 |- R SO b
Tz
2 40
8 “1
£
5 301 304
g
B 20 i Yedur b 204 FIG. 2. Probe thresholds measured
with and without masker in monopolar
10 (') 2 ; é é 1'0 1'2 " 10 —i————————— 10— configuration. In all graphs, subject
0 2 4 6 8 10121 02 4 6 8 10121 probe thresholdguA) are identified
60 ——— 60 — 60 — by triangles pointing upwards. Masked
_ Subject C30 5 i Subject Gp08 : : Subject Cp14 probe thresholdguA) are identified
g s04- . 50 {- ; 50 {-i- i by the triangles pointing downwards.
b : : : The nominal distance between the
% 40 {-i 40 |- masker and the probe electrodes tested
£ : is indicated in mm on the abscissa.
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FIG. 3. Probe thresholds measured with and without masker in bipola
configuration. Subject probe thresholdsA) are identified by triangles
pointing upwards and masked probe threshdjd&) are identified by tri-
angles pointing downwards. The nominal distance between the masker al
the probe electrodes tested is indicated in mm on the abscissa.

'i:IG. 5. Forward-masking measuremefrtio of masked probe thresholds

to probe alone thresholfd®btained in the bipolar configuration for both
r]I-c|ljF0cus-| subjects. Masked threshold could not be readhedause of
compliance limit3 at 0-mm masker—probe separatigmt measured for
subject H26. The thin lines without symbols represent the curves obtained
in the monopolar configuration by the same subject. Error bars are the stan-
dard errors of the mean.

with the same electrode arrég.g., Cp08, Cp14, and CplL8

Overall, masking decreased as the distance increased be- o ) ) . _
tween probe and masker electrod@able 1), but it did not ~ Was not significantly different for subjects implanted with the

decrease identically for all subjects. For some subjectsl,”eraid than for subjects implanted with the S-Series with or

masking did not decrease up to a 6-mm distance betweefithout the EPS. Overall masking was not significantly dif-
probe and masker electrodé€p08,Cpl4,C06,134 With ferent for subjects implanted with the S-Series alone or with
other subjects(C05,C24,H29, masking decreased signifi- the EPS_' ) ) o

cantly at 2 mm P<0.001) in the monopolar configuration. Subject H26(HiFocus-) did not show masking in the

Overall masking computed from all electrode maskingPiPolar configuration. In subject H29, masking in bipolar
configuration was slightly higher at 2 mm and was slightly

lower than in monopolar configuration for more distant

“© 225 = 2
§ \ SiSeties §225 - probes.
2200 1R 22.00
2§ : 2§ B. Consonant identification scores
2 E 175 A\ EE 4754
w’_ . 0 N . .
2= ) &< We analyzed the correlation between medial consonant
T §1.50 i B g150
g & i%ﬁ § g & A\ i identification scores and masking data. Consonant identifica-
o % — A . .
£ §125 30BN § 5 2 5 tion scores were expressed in percent of correct responses
o @ . .
& 00 >,;>- 2 S and were computed for at least six consonant tests obtained
£ g1 within two sessions. All subjects used the CIS sound coding
02 4 6 8 1012 14 02 46 8101214 strategy, except H26 and H29 who used a SAS strategy
Nominal distance between Nominal distance between i i i -
A SAESERAE (i) probe and masker (mm) (seven channels in both _subjectsAII Clarion _CIS user
A CO5 o Co6 A H29 o H26 scores were obtained with the standard eight channel
o 30 o c2 Clarion™ CIS strategy. We used masking data obtained at 4
28 . . =g mm to consider masking for the same disténbetween
£ S.Seties + EPS g Ineraid probe and masker electrodes for all different types of elec-
< . .
£200 15 4200 trode arrays. To calculate masking at a distance of 4 mm
=4 o = . .
gfws N S5 between probe and masker electrodes we made a linear in-
T 3 0 7 C . . . .
8F &éﬁg\ £° %;ﬁ terpolation based on data obtained at 2 and 6 mm in Clarion
T §150 |- B\ P B gl ; - subjects. The consonant identification scores with masking
1 . . . . '
g Bygs | 1 N E B, 5 | : - are shown in Fig. 6. We obtained a regression coefficient of
-8 N >o E N §> —0.60 (R, Pearson product momeny;<0.04) which indi-
i;:1<°° ——| £ 10 ; : cates that there was a statistically significant negative corre-
02 4 6 8101214 0 2 4 6 8 1012 14 lation between masking and consonant identification. The
Nominal distance between Nominal distance between latter accounted, however, for only 36% of the variance.
probe and masker (mm) probe and masker (mm)
A Cp18 o Cpl4 A 34 o 109
o Cpos o 103 C. Electrode selection for the CIS strategy
FIG. 4. Forward-masking measuremefiiatio of masked probe thresholds Subjects Cp18 and C30 showed high levels of forward

to probe alone thresholfigbtained in the monopolar configuration. In all masking at 2 mnfelectrode 2and for subject Cp18 interpo-

graphs the thin lines without symbols represent the curves obtained for a|'ated forward masking was also high at 4 mm. We concluded
12 subjects. In each graph, the forward masking obtained by subjects im- ’

planted with the specified electrode array is indicated by specified symbolthat for these supjects, e'IeCtrOdeS 1 and 2 stimulated partly
and solid lines. Error bars are the standard errors of the mean. the same population of fibers. Hence, we proposed to test a

2062 J. Acoust. Soc. Am., Vol. 114, No. 4, Pt. 1, October 2003 Boex et al.: Forward masking in cochlear implant subjects



TABLE II. Average monopolar maskingmasked probe threshold/probe threshold aldoe masker to probe
distances ranging from 0 to 14 mm. These average changes were computed from all available electrode
measurements. Standard err@B&) are indicated.

Nominal distance 0 mm 2 mm 4 mm 6 mm 8 mm 10 mm 12 mm 14 mm
between masker and
probe electrodes

Number of subjects 11 9 3 9 3 7 3 3
Mean changes 1.73 1.54 1.40 1.42 1.22 1.19 1.20 1.18
(se (0.09 0.0n (0.09 (0.0 (0.10 (0.05 (0.10 (0.07

seven-channel CIS strategy that eliminated the use of ele¢V. DISCUSSION
trode 1. We suggested further to subject Cp18 to test a six- . i . . .
channel CIS strategy that eliminated electrode 2 in addition We did not find differences in monopolar masking be-

to electrode 1. Subject Cpl8 tested each strategy for 2V€eN the groups of subject§ using th_e three typ_es of elec-
) b g9y ode arrays under studyneraid™, Clarion™ S-Series, and

weeks. His initial consonant identification scores increase%_ D .
iFocus-). We noted, however, significant forward-masking

(nonsignificantly from 50.86%(5.52 to 53.5% (5.2) with ) .
the seven-channel processor and significantly increased fafferences across subjedis.g., Cp18 and CO8Important

58.25%(427P=0.05) wilh the sx-channel progesstrg.  SMIAY variations across subjects were also observed by

7). He chose then to adopt the six-channel CIS process (F ! . .
permanently. Subject C30 tested the seven-channel strate%?f configuration, 1996 For exgmp!e, ;ub!ect C06 presented
low level of forward masking, indicating that the tested

for 2 weeks. Her initial consonant identification scores in- ) . 2 .
creasednonsignificantly from 40.4%(6.8) to 46.4%(3.21) electroqles did not stlm_ulate §|gn|f|c§1ntly overlapping r?e“ra'
with the seven-channel strategy. When she tested a CIS Straﬁppulatlon_s. Some SUbJeCt_S I|ke_subject Cpls sho_vve_d_ 'mpor=
egy implemented with six channels, the initial consonanta"t masking at 0 mm .Wh'Ch did not decrease significantly
scores were not significantly different, varying from 40'4%when the probe was switched from electrode 1 to electrode 2.

(6.8) to 45.8%(3.19. She chose then to adopt the seven-ln his case, if forward masking was due in part to the extent
channel strategy permanently of the population of fibers excited, this would suggest that
We also tested CIS stratégies implemented with sevefﬂe population of fibers excited by electrode 1 was similar to
channels for subjects C0O5 and Cp08. The latter, differentl)} © population of fipers excited by electrode 2. In agreemgnt
from the former two subjects, presented lower masking at ith this hypothesis, consonant tests showed that subject
mm. Their initial consonant identification scores decrease p18 pgrformed'better when the CIS'-speech processor was
significantly (P<0.05), even after 2 weeks of daily use. itted without using the two most apical electrodes, while

T ; bject Cp08 did not. In addition, we also observed that sub-
They reverted to their initial standard eight-channel strategy>" . .
yrev I int 9 g)jsect Cp18 assigned about the same 100-Hz tone péitcbus-

tic to electric pitch-comparison experiments in Roet al,,

100
100
—_ 90 +
x
< 80
o I
l— e-/ 70 4. B ; .
£ 8 601 ; I ]
c <]
50 P INSURUPUINY RO . |
8 8 40 4 Al | Al i KA
3 5 30t
5 20 1
[}
E 10 4.
. 0. Zu
10 . : Cp18  Cpos co5
1.2 14 1.6 1.8 Subjects
Forward Masking @ 4 mm vzzza 7-Channel IS 1 6-Channel CIS
(THRMasked Probe / THRprobe Alone) mmmm 8-Channel CIS

FIG. 6. Medial consonant identification scores are expressed in percent ¢flG. 7. Initial consonant identification scores are expressed in percent of
correct responses versus forward masking measured at 4 mm for Inerabrrect responses for S-Series subjects who tested CIS strategies imple-
subjects and calculated at 4 mm from 2- and 6-mm data for Clarion subjectsnented with different numbers of channels. Each processor was used daily
Scores are the mean percentage of correct responses computed on six cfor- at least 2 weeks. Scores are the mean percentage of correct responses
sonant test§6x56 token$, collected in two different test sessions. Error computed on three consonant te€@x56 tokens. Error bars are standard

bars are standard deviations. deviations.
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(submitted] to electrodes 1 and 2. In contrast, we observedn sound-coding strategies for each subject. This is even
that subject Cp08, who showed low masking levels betweemore relevant with present cochlear implants, which have
electrodes 1 and 2, assigned to eleatrdda 383-Hz tone more intracochlear electrodes.

pitch and to electrogl 2 a 505-Hz tone pitch. This observa- In addition, we found low levels of masking in bipolar
tion is in agreement with the hypothesis that in the case oftimulation for both HiFocus-I subjects, indicating a better
subject Cp08, electrode 1 and 2 stimulated different populaselectivity of stimulation in that configuration. Interestingly,
tions of fibers as indicated by the low masking levels ob-both subjects had adopted the bipolar simultaneous analog
served. When we reduced the number of channels subjestrategy(SAS) since the beginning of their implant use. The
Cp18 showed improvements in his performance. Zwolaruse of more selective electrical stimulation channels should
et al. (1997 made a similar observation when they reportedincrease the number of effective spectral channels and should
improvements in speech perception for some subjects whallow better implementation of simultaneous strategies.
tested speech-coding strategies that did not use nondiscrim-
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