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ABSTRACT 

As the standard treatment of severe sensorineural hearing loss, the cochlear implants (CI) has been widely accepted. 

However, many factors affect the effect of CI implantation, including mechanical damage caused by CI electrode implan-

tation, inflammatory reaction in the cochlea, tissue fibrosis and new bone formation, and even the formation of fibrous 

tissue on the electrode surface. These factors damage residual spiral ganglion cells, auditory hair cells, and stria vascularis 

cells and increase electrical impedance. In recent years, the use of electrode coating to reduce the effect of these adverse 

factors on CI implantation has become a research hotspot. For example, different coating embedded genes were used to 

recombine dry cells, drugs, growth factors and neurotrophic factors to reduce electrode implantation resistance, reduce 

electrode surface protein adhesion, and reduce electrode electrical impedance. In this paper, the characteristics of electrode 

coatings on different materials that have been studied in recent years are reviewed. 
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1. Introduction 

Cochlear implants directly stimulate spiral gan-

glion cells through microelectrodes implanted in the 

scala tympani to transmit auditory information to the 

central nervous system. The number of residual spi-

ral ganglion neurons (SGN) is small[1], the dis-

tance between nerve fibers and electrodes is large[2], 

the damage of auditory hair cells and spiral ganglion 

cells caused by electrode implantation resistance, 

and the possible inflammatory reaction[3–5], the fibro-

sis and ossification in the tympanic scale, and the in-

crease of electrical resistance caused by the for-

mation of fiber tissue on the electrode surface[6] all 

affect the hearing experience after cochlear implan-

tation. Precision minimally invasive cochlear im-

plantation[7], bone marrow mesenchymal stem cell 

transplantation SGN and hair cell regeneration[8], 

drug loading through cochlear electrodes[9] and other 

schemes have provided new ideas and directions to 

solve the above problems. With the development of 

material science, people also continue to explore the 

role of electrode coating in improving the effect of 

cochlear implantation. This article will review the 

electrode coating materials that have been studied 

and their advantages and disadvantages. 

2. Alginate coating 

Verena et al.[10] embedded mesenchymal stem 

cells (MSCs) that can produce brain-derived neu-

ARTICLE INFO 

Received: May 6, 2022 | Accepted: June 25, 2022 | Available online: July 11, 2022 

CITATION 

Wang Z, Fu Y. Research progress of electrode coating for cochlear implant. Wearable Technology 2022; 3(2): 39–45.  

COPYRIGHT 

Copyright © 2022 by author(s). Wearable Technology is published by Asia Pacific Academy of Science Pte. Ltd. This is an Open Access article 

distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), permitting distribution 

and reproduction in any medium, provided the original work is cited. 



Research progress of electrode coating for cochlear implant  

40 

rotrophic factor (BDNF) in ultra-high viscosity algi-

nate as electrode coating and implanted them into the 

inner ear of guinea pigs. After 4 weeks, the SGN den-

sity was significantly higher than that of the group 

implanted with uncoated electrodes, without causing 

fibrosis around the electrodes and electrode re-

sistance changes.  

Jana et al.[11] put alginate in the simulated inner 

ear environment for 28 days, and the diameter of al-

ginate beads and the elasticity of alginate layer did 

not change significantly, showing good stability. The 

MSCs overexpressing BDNF were embedded in al-

ginate, and the BDNF produced was sufficient to 

protect SGN and promote its synaptic formation. 

MSCs embedded in alginate can survive for more 

than 3 weeks, but after 21 days, the survival rate of 

MSCs in alginate is only 40%. When using clinical 

maximum pulse width (400 μs), the number of MSCs 

was significantly reduced when the electrodes were 

stimulated with 2 mA and current intensity (2 mA), 

and alginate was destroyed. The current intensity of 

1 mA, 0.88 mA, 0.66 mA also reduced the number 

of MSCs, while 0.33 mA had no significant effect on 

the survival of MSCs. Silke et al.[12] used the human 

cochlear model to prove that the alginate electrode 

coating can increase the hydrophilicity of the elec-

trode surface, reduce the electrode implantation re-

sistance, and reduce the incidence of electrode bend-

ing and tip folding. The alginate coating shows good 

stability and can avoid the separation and migration 

of the embedded MSC. 

3. Nanometer coating 

3.1. Triethoxysilane terminated polyethylene 

oxide with 44 ethylene oxide units, PEO44–

TES 

Alessandra[13] et al. treated the surface of the 

polydimethylsiloxane (PDMS) electrode with 

plasma, making the nano coating PEO44–TES cova-

lently combine with the electrode surface. The pre-

pared electrode surface has a good anti fouling abil-

ity, which can effectively inhibit the adhesion 

of bovine serum albumin and fibrinogen. Even after 

2 months, it still maintains a strong anti-protein ad-

hesion ability, and effectively inhibits Staphylococ-

cus aureus. The growth of Staphylococcus epider-

midis and Pseudomonas aeruginosa on the electrode 

surface. The coating has good stability under contin-

uous bending stress. In the light wavelength range of 

900–2,000 nm, PEO44–TES coating can basically 

transmit all, which is suitable for light triggered op-

tical cochlear implants. 

3.2. Calcium phosphate hollow nanospheres 

(CPHS) 

Hao[14] et al. used the drug carrying CPHS as the 

electrode coating to store and release BDNF and glia 

cell line—derived neurotrophic factor (GDNF). Re-

search shows that every 1ng of CPHS can store 0.1 

ng of GDNF. The coating has explosive release of 

GDNF on the surface of the nanosphere for the first 

6 hours, releasing about 50% of GDNF, and then 6–

17 hours is the linear slow release of GDNF in the 

nanosphere. Finally, with the further release of 

GDNF by calcium phosphate degradation, the re-

lease will be slower in this stage. After 14 days of 

culture, GDNF or BDNF released from the coating 

can make SGN synapses grow towards the coating 

surface. GDNF–CPHS coating can make contact be-

tween the electrode surface originally with 0.7 mm 

and SGN synapses, while the distance between the 

general neural pore and the electrode is 0.5mm, and 

the distance between the cochlear axis and the elec-

trode is 1–1.5 mm. 

3.3. Star-shaped polyethylene glycols (sPEG) 

Antonina et al.[15] in vitro tests showed that 

DMS and sPEG coating could reduce the growth of 

fibroblasts on the electrode surface by more than 

90%, while DMS plus sPEG coating could reduce 

the number of cells by 99%, effectively inhibit cell 

adhesion and reduce the fibrosis on the electrode sur-

face. The sPEG electrode coating slows down the re-

lease rate of DMS in the electrode. Whether there is 

sPEG coating or not, DMS will be released explo-

sively in the first week. After 90 days of the experi-

ment, DMS will continue to release. According to the 
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release rule of DMS in PDMS without sPEG coating, 

it is speculated that the continuous release time can 

exceed 2 years, and covering sPEG will make the re-

lease time longer. Antonina et al.[16] also tested the 

above-mentioned sPEG-coated DMS combined with 

PDMS electrodes in vivo and implanted them into 

the inner ear of guinea pigs and found that DMS, 

DMS + sPEG, and sPEG all reduced the adhesion of 

tissue and other indeterminate material on the sur-

face of the implanted electrodes by 85%, 75%, and 

30%, respectively. DMS + sPEG electrodes had a 

worse inhibitory effect on tissue formation than 

DMS alone, which may be related to the fact that 

sPEG slows down the release of DMS. This suggests 

that it does not increase implantation damage. 

4. Degradable material coating 

Biodegradable material coating can be used for 

short-term cochlear local administration. The direct 

injury or inflammation caused by injury of electrode 

implantation, as well as the inflammation caused by 

foreign body reaction, may cause the degradation of 

SGN, auditory hair cells and stria vascularis cells at 

the early stage of electrode implantation. Therefore, 

local drug intervention at the early stage of implan-

tation is very valuable for improving the implanta-

tion effect. Other short-term local drug delivery 

methods have shortcomings such as uneven drug 

concentration, difficult drug dosage control, and in-

creased risk of infection[17]. The biodegradable elec-

trode coating may become an ideal short-term local 

drug delivery method after cochlear implantation. 

The above CPHS is also a degradable material and 

will not be repeated. 

4.1. Poly (L-lactide, PLLA) and poly (4-hy-

droxybutyrate), P (4HB) 

Ceschi et al.[18] implanted PLLA, P (4HB) 

coated electrodes into the inner ear of guinea pigs for 

1–6 months. Compared with the control group of un-

coated electrodes, they did not change the ABR 

threshold, and only a small amount of fibrous tissue 

was formed around the coated electrodes, indicating 

that the coating and its degradation products did not 

cause a strong tissue reaction and had good biocom-

patibility. After 6 months in the guinea pig inner ear, 

PLLA did not degrade, while P (4HB) was almost 

completely degraded. In addition, during the elec-

trode implantation process, the PLLA coating 

showed weak bonding with the silicon surface of the 

electrode, so it was speculated that P (4HB) was 

more suitable for local administration as a degrada-

ble coating. In vitro tests by Anne et al.[19] also 

showed that P (4HB) has stronger biodegradability 

and is more suitable for electrode coating. PLLA in-

creases the surface roughness of the electrode, while 

P (4HB) makes the surface smooth and uniform. The 

porous rough surface will increase the bacterial re-

production, which further limits the use of PLLA. P 

(4HB) also showed good stability; P (4HB) released 

dexamethasone at a fast rate, and there was an explo-

sive release of drugs in the first 24 hours. PLLA re-

leased at a slow rate, and there was no explosive re-

lease stage. The explosive release of P (4HB) at the 

initial stage could reduce the hearing loss caused by 

CI surgery trauma. 

4.2. Poly lactic-co-glycolic acid (PLGA) 

Haoran et al.[20] used PLGA and chloroform as 

the coating of drug loaded electrode, and the drug 

loaded was dexamethasone sodium phosphate, cytar-

abine hydrochloride, or nicotinamide adenine dinu-

cleotide. PLGA coating increased the thickness and 

quality of the electrode, surface smoothness, hydro-

philicity, and did not increase the electrode imped-

ance. In vitro drug release test showed that the drug 

was released rapidly on the first day, with 63.4% re-

lease rate. The drug was released stably on the 14th 

day, and basically released within 15 days. The drug 

release rate had no significant relationship with the 

coating thickness, drug type and drug dose. The coat-

ing can be quickly customized according to the needs 

of different patients within 15 minutes during the op-

eration. The 50:50 lactic acid and glycolic acid pol-

ymer showed the fastest degradation rate. The 50:50 

polymer degraded in 30 days, covering the postoper-

ative inflammatory edema period. 
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4.3. Gelatin 

Yayoi et al.[21] used gelatin as the electrode coat-

ing to adsorb insulin-like growth factor and hepato-

cyte growth factor. In vitro tests showed that the gel-

atin coating can effectively adsorb insulin-like 

growth factor. In the collagenase environment, there 

was explosive release in the first hour, and then con-

tinued to release slowly for 48 hours. Increasing the 

coating thickness can improve the drug absorption 

and release. The guinea pig inner ear electrode im-

plantation test showed that the gelatin coating can re-

duce the ABR threshold increase caused by electrode 

implantation, while the coating containing growth 

factors can continuously reduce the ABR threshold, 

which may be the result of growth factors continuing 

to promote SGN survival and synaptic formation. 

The coating can increase the survival number of 

SGN after electrode implantation, and the coating 

did not cause adverse reactions on cochlear function 

and histology in the experimental period of 4 weeks. 

5. Conductive polymer coating 

The CI electrode is implanted into the scala 

tympani filled with perilymph, and there is a certain 

distance from the target neuron. The electrical stim-

ulation generated by the electrode needs to be con-

ducted by liquid, bone, and soft tissue. These con-

ductive mediums increase the resistance 

Plus, to reduce the precise transmission of sig-

nals, it is necessary to increase the stimulation volt-

age, which will lead to tissue damage and cause non-

specific SGN stimulation. Conductive polymers can 

improve charge transmission, increase the ratio of 

stimulus signal intensity, reduce non-specific SGN 

stimulation, and reduce fibrosis[22]. 

5.1. Poly (3,4-ethylenedioxythiophene), PE-

DOT 

PEDOT is a new type of organic conductive 

material with good conductivity, electrochemical 

stability and biocompatibility[23]. Jennifer et al.[24] 

mixed arginine glycine-aspartic acid, RGD function-

alized alginate hydrogel with PEDOT polymer to 

make hydrogel/PEDOT electrode coating, which is 

used to deliver BDNF. In vitro experiments showed 

that the coating could reduce the electrode resistance, 

and BDNF could be released for more than 2 weeks, 

with explosive release at the early stage. In the 6-

month guinea pig in vivo test, the resistance of the 

uncoated electrode gradually increased with time, 

while the resistance of the hydrogel/PEDOT coated 

implanted electrode remained low at all frequencies. 

BDNF release protected SGN and other cells in a 

short period of time. The long-term implantation of 

the hydrogel/PEDOT coated electrode did not affect 

SGN survival, and there was no cytotoxicity. Rachel 

et al.[25] used two hydrogels, poly (vinyl alcohol), 

PVA and heparin methacrylic acid, and a mixture of 

PEDOT and para-tolu-enesulfonate pTS to form a 

hydrogel/conductive polymer electrode coating. In 

vitro tests on the conductive polymer electrode coat-

ing showed that the coating reduced the electrode re-

sistance, improved its charge transfer capacity, and 

increased the electrode charge storage capacity, and 

the coating was not significantly damaged during the 

electrode implantation into the cochlear model, indi-

cating its good stability. 

5.2. Platinum iridium alloy 

Curtis et al.[26] used a platinum-iridium alloy as 

an electrode coating that was electrodeposited onto 

the surface of a platinum electrode, and in vitro ex-

periments showed that the coated electrode reduced 

the polarization electrical impedance by more than 

90% compared to an uncoated platinum electrode 

under clinically used electrical pulses. Ashley et al.[27] 

implanted the above coated electrode into the rat 

cochlea for 5 weeks and gave appropriate electrical 

stimulation. The results showed that compared with 

the uncoated platinum electrode, the coated electrode 

had higher charge storage capacity and charge injec-

tion limit before and after implantation, but the volt-

age transient impedance was only lower within one 

week after implantation, which may be related to the 

formation of fibrin on the electrode surface. The 

coating does not increase the tissue reaction 

caused by electrode implantation. It does not in-
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crease the loss of spiral ganglion cells and the dam-

age of neuronal function. 

Ashley et al.[28] conducted an in vitro study on 

the electrochemical characteristics of PEDOT/pTS-

PVA conductive hydrogels and electrodeposited plat-

inum iridium alloy conductive coatings. The results 

showed that, compared with uncoated platinum elec-

trodes, the two conductive coated electrodes had 

higher charge storage capacity, charge injection limit, 

and lower electrical impedance before and after 21 

days of strong electrical pulse stimulation, and the 

coatings had no obvious corrosion. 

6. Coating of other materials 

6.1. Polydopamine (PD) 

PD can improve the hydrophilicity of different 

substrate materials, promote cell surface adhesion, 

and has good biocompatibility[29]. Philipp et al.[30] 

studied the PD coated electrode in vitro, which 

showed that PD could increase the hydrophilicity 

and adhesiveness of the silicon electrode surface, 

maintain the normal morphology, distribution and 

function of the adherent adipose stem cells, increase 

the survival number of stem cells, and the coating 

slightly reduced the implantation resistance of the 

electrode drum, and there was less cell shedding after 

the implantation of the electrode. 

6.2. Poly ([2–methacryloyloxy) ethyl] trime-

thylammoniumchloride), PMTA) 

Hadler et al.[31], studied in vitro the effects of 

three polymer films, poly(N, N-dimethylacrylamide), 

poly(2-ethyl oxazoline), and PMTA, on fibroblast, 

glial cell, and SGN growth, respectively, and found 

that only PMTA showed significant attachment of 

glial cells on the surface, high SGN survival, and sig-

nificant synaptic growth, while the former two sig-

nificantly reduced SGN survival and synapse for-

mation were significantly reduced by the former two, 

while fibroblast growth was observed on the surface 

of poly (2-ethyl oxazoline). 

6.3. 2–methacryloyloxyethyl phosphorylcho-

line, MPC 

MPC is a new type of biomaterial that mimics 

the structure of cell membrane. The strong polarity 

of phosphorylcholine in MPC makes it have a high 

affinity for water, and the acrylic group provides the 

possibility of forming polymers with other mono-

mers[32]. Makoto et al.[33] implanted the guinea pig 

cochlea with MPC as the electrode coating. The ex-

periment showed that the coating significantly re-

duced the electrode implantation resistance, which 

may be related to the increase of electrode hydro-

philicity; the survival rate of SGN around the bottom 

of the cochlea in the coating group was significantly 

higher than that in the uncoated group. There was no 

significant difference in the survival rate of the inner 

and outer hair cells around the bottom of the coch-

lea, but the survival rate of the outer hair cells around 

the top of the cochlea was significantly higher than 

that in the uncoated group. It may be that the damage 

caused by electrode implantation and the inflamma-

tory reaction did not spread upward in the coating 

group. Under the condition of mechanical stress and 

electric stimulation, the coating shows good stability. 

7. Conclusions 

Many electrode coating materials have been 

studied so far, mainly for loading neurotrophic fac-

tors or other drugs, loading adult stem cells, reducing 

implantation resistance, inhibiting fibrin adhesion, 

increasing electrode conductivity, etc. On the one 

hand, the coating materials that have been studied 

need to be further explored, including the physico-

chemical properties and biological properties of the 

coating in the cochlear environment, drug release 

rules, local pharmacokinetics, the properties of the 

coating under conventional voltage and current stim-

ulation, the effects of electrical stimulation on the 

embedded cells and drugs, the long-term perfor-

mance of the coating after implantation, and the ef-

fects on normal tissue cells, cochlear internal envi-

ronment and hearing, etc. More perfect basic 

research is needed in the future to promote the reali-

zation of further clinical research. On the other hand, 
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it is necessary to continue to find new materials that 

are more suitable for the coating of cochlear implants. 

With the rapid development of nanotechnology, nano 

materials have shown many unique properties, and 

nano coatings have shown good antifouling ability, 

drug loading and drug release ability. Degradable 

materials are also an ideal choice. They can be used 

for short-term local administration, and can also be 

used to reduce electrode implantation resistance. 

There is no need to worry about the uncertain conse-

quences caused by the long-term existence of the 

coating. However, when studying biodegradable ma-

terials to embed living cells or even allogeneic re-

combinant cells, it is necessary to ensure that living 

cells are effectively wrapped with degradable mate-

rials during their survival, otherwise cell migration 

or immune attack from autologous cells will result. 

How to combine the advantages of the two materials 

is worth further exploring. In a word, electrode coat-

ing has a broad development prospect in improving 

the effect of cochlear implant, but the research is still 

in its infancy. To explore appropriate coating materi-

als and apply them to clinical practice will be a new 

hotspot and direction in the field of cochlear implant. 
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