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A BST R AC T   

 

The number of people with hearing loss constitutes approximately 6.5% of the world population. 

Hearing loss leads to alienation from social environments and deterioration in quality of life in adults. 

Children with hearing loss, on the other hand, have lower literacy and lower educational attainments. 

There are auditory prostheses, called cochlear implant (CI) devices, which are designed using a 

special speech coding strategy to convert acoustic information into electrical stimulation for patients 

with inadequate traditional hearing aids used for rehabilitation of hearing loss. These devices are 

surgically implanted and cause direct stimulation of primary afferent neurons in the inner ear. The 

auditory nerve is stimulated by the electrodes placed on the cochlea, and thus the auditory message 

can be sent up to the auditory cortex. With CI, increases in speaking, language and comprehension 

skills can be achieved. 
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Introduction 

The number of people with hearing loss 

constitutes approximately 6.5% of the world 

population [1]. The World Health Organization 

estimated this rate as 0.8% for high-income 

countries [2]. The level of hearing loss, which 

is characterized as a decrease in the meaning 

and perception of sounds, is determined by a 

pure tone audiogram. Hearing thresholds are 

measured in decibels (dB) and are classified as 

mild (25-40 dB), moderate (40 55 dB), 

moderate (55-70 dB), severe (70-90 dB), and 

severe (> 90 dB) hearing loss classified [3]. 

According to the World Health Organization, it 

has been stated that when hearing loss is> 40 

dB in adults and> 30 dB in children, there will 

be loss of function in people [4]. Severe hearing 

loss, which may occur before the age of three, 

seriously affects language development 

negatively [5]. The literacy level and education 

level of children with severe hearing loss also 

decrease seriously [6, 7]. It negatively affects 

their quality of life, learning and development 

in terms of school activities and social 

interactions [8]. Hearing loss in adults is also 

associated with low income and associated 

economic difficulties and poor quality of life 

[9-11]. 

Conventional hearing aids are the primary tool 

for auditory rehabilitation in patients with 

sensorineural hearing loss (SNHL). Inadequate 

amplification with conventional hearing aids 

and limitations about with these aids such as 

acoustic feedback, spectral distortion, 
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nonlinear/harmonic distortion, external ear 

canal occlusion, lack of view/visibility, 

orientation, and social stigma of hearing aid 

use, have led to the development of implantable 

hearing aids [12]. 

Cochlear implants (CI) are auditory prostheses 

that convert acoustic information into electrical 

stimulation. Bipolar spiral ganglion neurons 

and primary afferent cells are used by CI 

without intermediary for electrical stimulation. 

CI follows a mechanism based on the principle 

of stimulation of the cochlea by means of 

electrodes placed up to the modiolus, and the 

direct stimulation of primary neurons by 

bypassing the electrical stimulation of the outer 

ear, middle ear and hair cells [12]. In short, 

electrical impulses bypass dysfunctional hair 

cells and directly depolarize primary afferent 

neurons [12]. 

 

Historical development of devices, devices 

and the principle of operation of devices 

The first documented electrical stimulation of 

the auditory system occurred in 1790 [13, 14]. 

In addition, alternating currents, various 

charges, polarities and densities have been tried 

in various studies [15, 16]. In 1930, it was 

shown that electrical signals coming from the 

cat cochlea and very similar to waveforms can 

be copied and generated [16, 17]. 

An electrode combined with a receiver coil was 

implanted in a patient who had a distal cochlear 

nerve resection in 1957, and it was shown that 

the device could be stimulated with an external 

coil for several months. This stimulation 

enabled the patient to recognize sound 

awareness and simple words [14]. At the 

beginning of the 1960s, experiments were 

started by placing simple wires, wires with ball 

electrodes, and even simple strings in the scale 

tympani [15, 18]. In the light of these studies, 

implantable hearing aids began to be developed 

in 1972. In this way, the first clinical trials were 

started in 1973 [13, 18]. The validity of direct 

electrical stimulation of auditory nerve fibers 

(electroacoustic stimulation) as a rehabilitation 

strategy was accepted in 1977 [14, 19]. After 

single-channel implanted devices, multi-

channel CI devices with open-set word 

recognition started to be developed [14, 20, 21]. 

Today, there are various devices produced by 

three different companies (Cochlear 

Corporation, Med-El, Advanced Bionics) with 

different electrode numbers and lengths [12, 

22]. 

All CI systems consist of two main parts, an 

outer part containing a microphone, sound 

processor and transmission system, and an 

inner part containing the receiver/stimulator 

and electrode array. Generally, an external 

microphone picks up ambient sound and speech 

and sends the information to a body-worn or 

ear-level type sound processor. The speech 

processor converts the sounds into electrical 

signals sent over the skin or to the internal 

receiver/stimulus via radio frequency 

transmission. Transmission of the signal occurs 

when the external magnet in the transmitter is 

successfully aligned with the internal magnet in 

the receiver/stimulator. The receiver/exciter 

part decodes the signals and transmits them to 

electrodes located in the cochlea. Nerve 

stimulation occurs thanks to the electrodes and 

this stimulation is transmitted to the auditory 

center in the cortex [12]. 

 

Patient selection 

In addition to a complete physical examination, 

a detailed otolaryngology and head and neck 

examination should be performed. However, 

the first step in patient selection is an 

audiological evaluation, and the level of 

hearing loss must be evaluated. After the 

evaluation of candidates for CI, imaging 
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methods (computed tomography and magnetic 

resonance imaging) should definitely be used 

[22]. 

When the adult selection criteria in the latest 

clinical studies for cochlear implantation are 

evaluated, firstly, a pure tone average (PTA) 

hearing level of 70 dB or higher, secondly, at 

least three months of appropriate hearing aid 

use or adequate amplification, and thirdly, 

discrimination scores, namely speech 

comprehension scores are less than 50%, 

fourthly, the central auditory pathways and 

cochlear nerve are complete in the evaluations, 

and finally, there are no contraindications to 

surgery [12]. 

Comprehensive audiometric assessment with 

air and bone conduction thresholds between 

250 and 8000 Hz, along with speech 

discrimination scores, is essential for initial 

assessments [22]. 

Considering the candidate evaluation criteria 

for CI in the childhood age group; It can be 

done in any age group from 12 months to 17 

years old. Deep SNHL (PTA thresholds ≥90 dB 

HL); is the absence of developmentally 

appropriate auditory capacity, defined as 20% 

to less than 30% on monosyllabic word tests, 

with minimal benefit from hearing aids and 

measured using parent-reported scales for 

younger children. Other criteria are defined as 

the completeness of the central auditory 

pathways and the cochlear nerve and the 

absence of any contraindication to surgery. In 

addition, having a hearing aid for at least 3 to 6 

months before CI surgery, realistic expectations 

of family members, and enrollment in a 

postoperative rehabilitation program that 

supports the development of auditory skills are 

also important criteria [12]. 

It is difficult to determine the degree of hearing 

loss in infants and children with PTA 

evaluation. Also, applying speech audiometry 

is not easy in these age groups. For this reason, 

behavioral audiometry is more prominent for 

evaluation purposes in these age groups. Initial 

hearing loss must be confirmed by auditory 

brainstem responses (ABR) and otoacoustic 

emission (OAE) [22, 23]. 

Language and intelligence assessments are also 

important, especially in the pediatric 

population, as the ultimate goal of cochlear 

implantation is effective communication. A 

psychological assessment is performed to 

assess the child's verbal and nonverbal 

intelligence, attention and memory skills, and 

visual-motor integration. It is also important to 

know the cognitive abilities of the child when 

considering a child for CI, pre-counseling the 

family and planning possible rehabilitation 

needs later [24]. 

 

Bilateral cochlear implantation applications 

In the pediatric age group, unilateral CI practice 

provides significant benefits for speech 

recognition in a quiet environment and meets a 

person's basic auditory needs. However, in 

patients with bilateral hearing loss who 

underwent unilateral CI, difficulties may be 

experienced in ambient noise and multiple 

sound environments. More difficulties may be 

seen in perceiving the direction of the sound 

[25]. Hearing with two ears is always much 

more effective than hearing with one ear, 

considering the shadow effect of the head, the 

gathering effect of binaural sound, and the 

effect of silencing binaural noise [26, 27]. The 

ability to form new neural connections in the 

brain is greatest in the first 3.5 years [28]. 

Therefore, it is critical for auditory 

development and language acquisition in the 

early stages of life [28]. Early CI in early 

detected hearing loss may prevent permanent 

changes in the auditory cortex [29]. While 

unilateral CI contributes to the development of 
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the auditory pathways and auditory cortex on 

the operated side, maturation cannot occur on 

the non-implanted side [28, 30]. Another issue 

is that, unlike sequential bilateral CI at different 

times, simultaneous bilateral CI is more 

effective and it should be known that the gains 

can be higher [31]. 

Bilateral CI is also significantly beneficial in 

the adult age group [25]. Bilateral CI 

applications are more beneficial in people with 

meningitis, acute bilateral profound hearing 

loss, and vision problems in addition to hearing 

loss. Bilateral CI may improve the auditory 

function of these patients. However, bilateral 

CI applications are applied less frequently in 

the adult age group than in the pediatric age 

group [28]. 

The group that can benefit more from bilateral 

CI in the adult age group and is applied more is 

the young adult group. Significant auditory 

support and improved sound localization for 

better hearing in noisy environments in these 

age groups can provide significant advantages 

for education and employment opportunities 

[29]. 

 

Gains after cochlear implant surgery 

In the postoperative period, patients in the adult 

age group have a more advanced voice 

perception ability compared to the preoperative 

period. This perception is particularly 

pronounced at higher frequencies. Sound 

detection thresholds are approximately 25 to 30 

dB HL in the range of 250 to 4000 Hz 

postoperatively [32]. Adult patients who 

develop post-lingual hearing loss after language 

development generally have a significant 

increase in speech perception levels after the 

first month postoperatively. In patients with 

pre-lingual hearing loss before language 

development is completed, the gains are lower 

compared to the post-lingual group. However, 

even pre-lingually, there can be significant 

improvements in speech perception after CI 

[12]. 

Auditory gains of approximately 25 dB HL for 

frequencies of 250 to 4000 Hz for adults in the 

postoperative period are also valid for the 

pediatric age group. These levels are important 

for the development of auditory skills and 

communication. Studies with children show 

that earlier CI is necessary for high 

performance [12]. It should also be known that 

postoperative performance and speech-

perception skills are adversely affected in 

patients with a short period of hearing aid use 

before CI [12]. It is also known that there is a 

steady increase in language and speech 

performance for 3 to 5 years in the 

postoperative period. Determination of suitable 

candidates before the surgery and the 

rehabilitation program applied after the surgery 

have a great impact on the success of cochlear 

implantation. Different evaluation and follow-

up processes are applied in pre-lingual and 

post-lingual patients [12, 33]. 

 

Conclusion 

Cochlear implantation, in which the auditory 

nerve is directly stimulated by means of 

electrodes placed in the cochlea, is a 

significantly useful method for the 

development of hearing skills and the 

emergence of a language and speech close to 

normal in patients with severe hearing loss. 
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