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OPEN ACCESS

Advances and limitations of cochlear prosthesis

Psychcoacoustic and deafness measurements in patients 
implanted with cochlear prostheses have found that successful 
implantation and performance of implants depend on the 
choice and placement of the electrodes array in the cochlea. 
The work of Kumiko [1] showed that the depth of insertion 
of electrodes, the angle and the intracochlear length of the 
electrodes as well as their number have an important factor 
in the success of the surgical operation and the restoration of 
the patient’s hearing.

Unfortunately, many people with hearing loss have 
a cochlear malformation or ossiϐication that sometimes 
prevents the implantation of all electrodes and auditory 
channels (Figure 1a). In this case, the operation must be 
completed with a partial extra cochlear implantation in 

order to not lose the other auditory stimulation channels. 
Measurements of the rate of insertion of the tympanic ramp 
on implanted patients showed that for patients with residual 
hearing at low frequencies, deep insertions with a high 
number of electrodes led to less good hearing preservation. 
Yet, when patients without residual hearing were analyzed, 
a greater insertion depth and a higher number of electrodes 
gave better performance [2]. 

Cochlear implants available today use 16 to 22 electrodes 
which stimulate only 8 functional sites in the cochlea according 
to the studies carried out by Dorman in 2002 [3]. Friesen 
discovered in 2004 that increasing stimulus channels beyond 
8 does not provide additional gain in speech understanding. 
In 2011, Helbig [4] and later Gifford in 2013 [5] showed 
that adding an acoustic to electric stimulation gives a high 
advantage, especially under unfavorable listening conditions 
such as speech in background noise [6].

However, our studies showed that increasing the number 
of electrodes leads to a complication in the surgical operation 
and the positioning of the electrode array in the cochlea, 
electrical interference between neighboring channels as well 
as higher energy consumption [7]. For this, it is very interesting 
to encourage the use of electro-acoustic stimulations with 
a reduced number of electrodes from 4 to 6 (instead of 16) 
electrically coded on high-frequency electrodes (base) while 
those of low frequencies (apex) are acoustically stimulated.

Abstract 

Many advances have been made in recent years in the development of hearing and 
cochlear implants. These use acoustic and electrical stimulation technologies to improve speech 
intelligibility for the hearing impaired. However, for cochlear prostheses, the results are not very 
promising and vary from one patient to another. Certain technical and sometimes physiological 
problems have limited the expected performances of these devices, especially for children 
and the elderly. These problems include cochlear malformation and ossifi cation of the auditory 
channels. This led us to reduce the number of electrodes in order to allow quality deep insertion 
while preserving the low-frequency acoustic bands of the operated patient.
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Figure 1a: The cochlear prosthesis and stimuli. (a) Internal structure of a Cochlear 
implant.
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Figure 1b represents an example of the electrode stimuli 
for the speech “Bienvenu” pronounced by a female speaker 
with 16 kHz of sampling frequency. We can observe the 
original speech decomposition into 22 channels, their 
envelopes waveforms then stimuli with a reduction of the 
number of activated channels (4 to 6 instead of 22). In this 
case, only four electrodes will be excited (2, 3, 4, 5 and 6) 
at frequency positions, respectively 212, 281, 362, 507 and 
455Hz. Our results have been compared with those from 
other strategies such as CIS, NoM and SPEAK and proved high 
efϐiciency and advantages, especially in the case of residual 
low frequencies auditory bands [8].

- Decreases the interference between the channels of 
neighboring electrodes and consequently decreases the noise 
and enhances the quality of the perceived speech.

- Avoids partial implantation of many people with cochlear 
malformation or ossiϐication that sometimes prevents the 
implantation of all electrodes. Actually, in this case, the 
operation must be completed with a partial extra cochlear 
implantation in order to not lose the other auditory stimulation 
channels.
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Figure 1b: The cochlear prosthesis and stimuli. b) Electrodes stimuli for the speech
“Bienvenu”.

Results
Finally, we can say that the fact of reducing by 50% the 

number of stimulated channels and electrodes constitutes a 
big step and an important contribution to the promotion and 
the implantation of hearing aids. We can say that no credible 
study has succeeded in stimulating the auditory nerve with 
only 4 electrodes - 6 electrodes instead of the 12 - 22 currently 
used. This result is very interesting because it:

- Facilitates surgical implantation

- Decreases the price of the prosthesis


