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Abstract: The authors studied the indicators of speech intelligibility – a critical indicator of the effectiveness 

of cochlear implantation (CI) in patients with deafness. The purpose of the study was to compare results of 

speech audiometry in deaf patients with single-side and bilateral cochlear implantation (CI). The study was 

conducted in children aged 6 to 17 years with matured speech skills. The results showed that speech intelli-

gibility in group with bilateral CI higher than in single-side CI group. Bilateral cochlear implantation has 

more potential for efficient speech rehabilitation than single-side CI. 
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1. Introduction 

Cochlear implantation (CI) is a technology of insertion an electrode system in the cochlea to 
stimulate the auditory nerve with subsequent rehabilitation. This is the method of choice for 
patients with bilateral deafness associated with damage to the cochlea. In recent years, according 
to various studies, there has been a steady increase in the number of children with bilateral sen-
sorineural deafness who underwent CI on both sides [1]. The choice of this solution is mainly 
reasonable by the possibility of determining the sound source in space (ototopic) and the rela-
tively higher rates of speech intelligibility, which become available due to spatial hearing in bilat-
eral CI [2]. 

Traditionally bilateral hearing provides intelligibility, localization of the sound source, under-
standing of speech in a noisy environment and sound perception with sufficient volume. One of 
the functions of the auditory analyzer is to isolate "useful" sound/speech information, including 
from several sound sources, which "asymmetric" hearing cannot potentially provide [3]. In a com-
plex acoustic space, a person's head creates a shadow effect, which works as an acoustic barrier 
and weakens the intensity of the sound signal, including speech on the one hand. The effect of 
noise reduction is the ability of the brain to isolate a useful auditory (speech) signal coming bin-
aurally. The mutual amplification effect, also known as loudness summation, refers to the same 
perception on both sides due to balanced action potentials emanating from both auditory nerves 
to the brain stem. Localization (ototopy) is the ability to perceive the direction of the sound 
source, which helps in orientation [4]. All these effects should be taken into account in the reha-
bilitation of patients with deafness who underwent CI surgery. 

The number of children born annually with bilateral deafness is approximately 1 in 1000 [5], and 
the number of CI operations performed in the Russian Federation is in the range of 1500 annu-
ally, which imposes additional requirements on the constant search for solutions to improve the 
effectiveness of cochlear implantation. 

2. Patients and Methods 
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The present study analyzed the data of 61 patients with bilateral sensorineural deafness (n=61) 
who were users of the CI system. The age of the subjects varied from 6 to 17 years (Me=12±2.9). By 
gender, patients were distributed as follows: girls - 37.7% (n=23), boys - 62.3% (n = 38). Unilateral 
cochlear implantation was performed in 54.1% of cases (n=33), bilaterally in (n=28) 45.9%. The 
default sound processor (SP) microphone gain was 90% in all observations. Criteria for non-
inclusion in the study were: abnormal development of the cochlea, previous meningococcal infec-
tion, incomplete insertion of the electrode array into the cochlea, or deactivation of one or more 
electrodes. To assess speech intelligibility, all children underwent speech audiometry via proces-
sor in a free field. The study was carried out according to the traditional method: with the supply 
of speech material with an intensity of 65 decibels (dB) of sound pressure level (SPL) through 
loudspeakers located at an angle of 45⁰ at a distance of 1 meter from the SP microphone. Speech 
audiometry was performed in a quiet environment. The residual noise level was less than 50 dB 
SPL. 

Statistical analysis 

Statistical analysis was performed using the IBM program © SPSS Statistics New Seas Subscrip-
tion © version 25.0.0. The sample was tested for normal distribution using the Smirnov-Kolmago-
rov and Shapiro-Wilk tests (p-value≥0.05). 

Descriptive statistics were used with the calculation of the mean, standard deviation, median, 
mode, standard error of the mean, analysis of frequency tables. An exploratory analysis was used 
to compare speech intelligibility scores in patients with unilateral and bilateral cochlear implan-
tation. 

3. Results and discussion 

All patients demonstrated a high level of development of auditory speech skills: speech intelligi-
bility ranged from 33 to 100% (Me=90±14.2) In the group of patients with unilateral CI, speech 
intelligibility ranged from 33% to 100% (Me=87.0±17); in patients with bilateral implantation, 
speech intelligibility ranged from 78 to 100% (Me=93.5±5.8). Analysis of the data showed that the 
group of patients with bilateral cochlear implants demonstrated higher speech intelligibility 
scores compared to patients who underwent CI on one side (Fig. 1.) A statistically significant 
relationship was established between the number of cochlear implants in a patient and speech 
intelligibility scores (p =0.046). 

 
Figure 1. Speech intelligibility in patients with unilateral and bilateral CI. 
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The data obtained show that children with bilaterally installed CI systems have higher rates 
of speech intelligibility, which potentially brings them closer to their normal hearing peers in 
terms of cognitive development. However, bilateral cochlear implantation alone does not allow 
patients to achieve the same level of academic achievement as their normal hearing peers, even 
taking into account the duration of deafness and the timing of the surgery [6]. There are other 
factors that explain the differences in academic performance between children with bilateral CI 
and normal-hearing peers. These reasons include the possible lack of coordinated activation of the 
microphones of the processors of both ears to the incoming stream of speech information, as well 
as the discrepancy in the presentation of the contacts of the electrode array and the tonotopic rep-
resentation of one or another frequency region of the organ of Corti [1]. If the solution of the first 
problem has a purely technical basis and can be performed during the evolution of CI systems, then 
the discrepancy in the anatomical parameters of the depth of insertion of the CI electrode array 
and the location in the cochlea requires further study using radiation diagnostic technologies. 
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