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The investigations of speech intelligibility were carried out for 9 patients witbchlear
implant (Cl), 1 male and 8 females, aged 18-69 (mean 41). In alsdesfness was recog-
nized as postlingual. All patients were using the hearing aid (HA) on thepgaosite to the
ClI. The novelty of this work consisted in the application of new Polish sent&sts in the
evaluation of the effect of supporting electrical hearing with a HA in nom®ditions. The
sentence tests (developed at the Institute of Acoustics, Adam Mickiewivetdity in Poz-
nah — European Union Project HEARCOM) were presented to patients in guikin noise
conditions (speech bubble noise). The speech intelligibility was determimed tases: when
transmission was only via the Cl and when the HA was also used. Thenpadea of tests
was conducted for three angle®¥’ ( —90° and+90°) in relation to the patient’s head. The
value of SRT (Speech Reception Threshold) was determined for thetege out in noise
conditions. The improvement of the speech intelligibility was affirmed wherptiocess of
hearing via the Cl was supported with a HA. The particularly essentialrelifte was ob-
served for the angle 6f90° (HA-side). The results obtained in the investigations show that
acoustic compensation in the range of the remaining audibility field to a gegete supports
electrical hearing. This conclusion can be an important contribution togpkécation of the
HA on the side opposite to the ClI, especially in the noisy environment.

Keywords: hearing detection, discrimination test, hearing aid, cochlear implant, pastligu
deafness, speech intelligibility.
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1. Introduction

With the development of physical and medical knowledge it is possible toreesto
auditory and verbal communication in patients who are profoundly harearfmg by
using a cochlear implant. A cochlear implant requires a surgical proeedht is used
with patients, in whom considerable damage of hair cells in the cochlea wasodid)
Hair cells transmit signals to the hearing nerve. This dysfunction prevetiengs to
use traditional hearing aids — an acoustic compensation of the defechdbssmu-
late the higher levels of the hearing path. This is caused by the lack of atsiolon-
munication between the peripheral hearing system and the hearing Asrearly as
1790 Alessandro Volta described the perception of hearing sensatimrsthe region
around the ear was stimulated with an electric current. In 1930 Wever ancdda
dentally discovered that that the speech of the scientists who studied estlatazed
cat can be heard from the loudspeaker in an adjacent room thankstecarode sur-
gically placed on the animal’s hearing nerve [1]. This was the discovetlyeodppear-
ance of an electrical potential of the hearing nerve with acoustic stimulatioct®37
DJurRNO and ErrIES published first results of their experiments involving electrical
stimulation of the hearing nerve in deaf patients [2]. During the follow-upratjn
of the face paralysis in an elderly man, an extensive mastoidectomy wasmed to
remove the cholesteatoma, which destroyed the structures of the cocldemodes
were placed in the remaining nerve, combined with a primitive speech pocéée
patient described the sounds he heard as those resembling the rustlickéaar the
roulette wheel. In 1961 a group of scientists headed by William House implatged
trodes near the hearing nerve in two patients. Unfortunately, becauke dfscharge
and the materials used in the inner part of the implant inflammation developed and
the implant was removed after a few weeks. The results of this pioneer shorked
that deaf patients can have the reception of the rhythm of speech and nesteied
and they can start to perceive sounds of the environment. In 1964 Roye im-
planted an electrode into the cochlea structures for the first time. The rdémded on
social conditions, i.e. speech intelligibility, were not satisfactory. In 197¢h®lson
published data on many patients with a single-channel implant. A multi-channel im-
plant was developed following tests on animals. At the beginning of the 19@0se
started to use cochlear implants on a larger scale. A similar programme in Buagpe
started in 1973 by C.H. Chouard in Paris and in 1975 by K. Burian in Viefhe
work was then followed by G.M. Clark in Melbourne and E. Lenhardt in htaser.
As the results of deafness treatment were very promising, in the mid 19&0srslo
started to use cochlear implants in children, initially only in those suffering frost-
lingual deafness, and later in those with perelingual and prelinguaheesfClassical
implants are based on the compensation of the hearing deficit by acoustic eatiplifi
An acoustic signal in the hearing aid is processed — amplification is improngl s
growth and decay times (transients) are adjusted and advanced algorithsesub sig-
nal recognition against noise are employed. Irrespective of the typleegbrocesses
in the hearing aid, at the output of it we get an acoustic signal, propejigtad de-
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pending on the character and severity of the hearing impairment. A modifiedlsig
through an individual insert in the ear, is transmitted to the ear with the heaicing
stimulation is analogous to physical stimulation. Transformation into electrical stimuli
takes place in the receiver. In the case of very considerable heariragrimgmt in the
cochlea, classical hearing aids are not effective — damage of thedliaiincthe cochlea
results in the breaking of the hearing nerve. The hair cells are affertbiety transform
vibrations into electrical pulses and transmit them as such. In this casehufiqgy
deafness is treated surgically — a cochlear implant is put into the inner leauinF
plant bypasses the damaged receiver and directly stimulates the endshefattirey
nerve.

Speech intelligibility and speech discrimination (recognition) based on tagtses
are among the most important criteria for the assessment of benefits ddrasim the
simultaneous use of the cochlear implant and the hearing aid. Investigadioiezi@ut
by Ching involving a group of children who did not use any hearing aidestine admin-
istration of the implant could serve as an example. Tests conducted one rftenthe
implant was put into the ear revealed considerable improvement in undérsaen-
tences and recognizing vowels [3]. Another experiment, conductedjmyua of adults,
concerned discrimination of words and sentences in quiet and noisgéicnadThe re-
sults revealed a considerable improvement, particularly when signals wesenped
against noise [4]. In 2006 speech intelligibility tests were conducted at ¢ipaiment
of Otolaryngology, PozrfaUniversity of Medical Sciences, which were based on the
Polish monosyllabic word tests, developed by a group headedrins BE=wicz [5].
The results confirmed the benefits of supporting “electrical hearing”tiamplant)
with “acoustic hearing” (via the hearing aid) [6].

The present work continues earlier investigations. Word tests werecegplaith
sentence tests, presented in both quiet and noise conditions.

1.1. Cochlear implant — operating principle

Modern cochlear implant systems selectively stimulate a small group of nbres fi
by means of electrical pulses. This is done by a system of 22 platinum elestfand
ten fixing rings) placed on a silicone carrier. All the electrodes are inugrgly con-
nected to the receiver/stimulator by means of insulated platinum-iridium wires: Ele
trodes are evenly placed over a distance-@7 mm. The depth of the entire implant is
20-25 mm. The most basal electrode (closest to the round window) is Electrand
the most apical is Electrode 22 [7].

However, before the acoustic signal from the microphone is passedétetiteodes
of the implant, it must be processed and the processing is rather compkeprddéess
is carried out in the speech processor (depending on the design agiciiatie of the
elements there are box processors and “behind-the-ear” prosesB3IE). The proces-
sor changes the acoustic signal from the microphone into an electric adtie dasis
of the data inputted into it, individual for each user. The most important riméion
of this process comes from the coding strategy used. The input signaidediinto



478 M. NIEWIAROWICZ, O. STIELER, D. KOMAR

a defined number of frequency bands (on the logarithmic scale) and tihariating

signals are generated based on the information about the envelopesigitéls in the
individual band. Next, the signal is radio sent to the internal part of théaimpwhere,
once decoded in the receiver/stimulator, it is converted into electricalpulisle spe-
cific parameters, which, through the electrodes of the implant, stimulate sejgotqubs
of nerve fibres, which produces a sound sensation. This principledesillustrated
in Fig. 1.

Telecoil Receiver-decoder
tra; sdr!r?igzilon _ (electrical impulses)

g
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Speech processor electrode array

conversion A/D

Fig. 1. Cochlear implant system — principle of operation [7].

Actually, one could say that the system described above is a specificftggdeear-
ing aid. Its range of operation begins where compensation of the heagfing th the
classical way ends, i.e. when the acoustic signal is amplified. A block dagiith
a comparison of the operation of a cochlear implant and a hearing aid isnpeds

in Fig. 2.
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Fig. 2. Operation of a hearing aid and cochlear implant compared.
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2. Patients

Only a few of the implanted patients of the Department of Otolaryngology,dfhozn
University of Medical Sciences, use a hearing aid on the oppositelgarsiinteresting
as the implant is placed in the ear with a greater hearing losses while the atreta@ss
some hearing capability permitting some (very limited) hearing. An audiograrsegos
of the SKI-type) of one of the patients is presented in Fig. 3.

Fig. 3. Hearing threshold level in non-implanted ear in the pure tone aedip@].

The investigations of speech intelligibility were carried out for 9 patients witita<
lear implant, 1 male and 8 females, aged 18—-69 (mean 41). In all casegskeafas
recognized as postlingual. All patients were using the hearing aid on tlogppasite to
the implant. The basic criterion used to qualify patients to a relevant grouppessset
speech recognition. Most patients could freely talk over the phone areweey active
in professional life. Some patients in the group studied took part in earliestigations
of the perception of the sound pitch by the hearing aid and the implant [8inatie
investigations of speech intelligibility based on Polish monosyllabic word tests [6]

3. Method

The authors attempted to find out the percentage of speech intelligibility on the ba
sis of correctly repeated words occurring in the sentence. The sigisgpresented for
azimuth0° (in the head axis) and for the source at the angles @° and +90° in
relation to the subject, for two cases — when the patients used the implant dnan(C
when they additionally used a hearing aid (CI+HA). Sentence tests wetk which
were developed at the Institute of Acoustics, Adam Mickiewicz Univeragypart of
the European Union project HEARCOM [9]. The speech signal wasepited for the
signal level of 65 dB SPL in quiet and noise conditions. In investigationkeunoise
conditions the speech reception threshold value (SRT) was additionaltyrile¢el. The
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investigations were carried out in an isolated room, fulfilling the requirementtst
tening room (according to ISO 8253). Loudspeaker was located atefigiathof the
subject’s head at the distance of 1m. Madsen Midimate 622 clinical audiomigter w
a free field system and Svantec Svan 945 sonometer (system calibratienyged in
the investigations.

4. Results

The results of speech intelligibility for the different observation anglesmine
signal was presented in the quiet conditions, are presented in Fig. 4,Ridnile shows
the results for the presentation in the noise conditions. SRT values aeat@e Fig. 6
(letters in the figures correspond to the subjects’ initials).
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Fig. 4. Percentage of speech intelligibility when the signal is presented ihapriditions.

The results of speech intelligibility in quiet conditions indicate a significant im-
provement of intelligibility when a hearing aid is used for the azimuth of 0-afdl—
opposite the subject and on the side of the hearing aid. A particularly higlovement
was observed in the case of patients LM, AW, KW, JW — in pre-operatsis fgofound
hearing loss was found in this group (HTL 90-100 dB HL) with the retainesstiold
in the entire frequency range (1000-4000 Hz). Except for patientwiv heavily re-
lies of the hearing aid, improvement of speech intelligibility in quiet conditions in this
group is equal to 2—38%, the mean being 13%. The advantage of addiigma¥ the
hearing aid in noise conditions is particularly significant when the signaleisemted
opposite the subject. The improvement found was 3—34% (the mean beingwiilé
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Fig. 5. Percentage of speech intelligibility when the signal is presented ie coiglitions.
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Fig. 6. SRT values.

in the case of patient LM use of the hearing aid permits her to understaedhspe
noise conditions. Presentation of the speech signal in noise conditiorssteadl 9—
52% drop in speech intelligibility, the highest when the signal is presentessdpphe
subject and on the hearing aid side — for these azimuths the greatestzadviiom the
use of the hearing aid was observed.
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5. Conclusions

Acoustic compensation for the hearing remnants supports the procetescice
hearing: it reduces the effect of the head shadow and improves teetsimeelligibility
ratio. The results of the speech perception in noise reveal a similar trefadloivs
from the interviews conducted with the patients that the hearing aid also ingptioee
perception of the prosodic features (melody) of speech and the posshilitspatial
localization. The results indicate significant problems, which are due to thgisting
masking signals (background noise, cocktail-party noise) in hearing ietbpatients.
The signal-noise ratio must be significantly higher in persons with normainigea
SNR = —6 dB, SRT= 50%. When the hearing aid effectively supports the remaining
hearing in implanted patients, their comfort of life and communication with othgalpeo
are greatly improved.
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