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Abstract 
Otology has entered a transformative phase in which cochlear implant technology and 
tinnitus therapeutics are advancing in parallel toward more effective, personalized care. 
Recent developments include next-generation cochlear implants with expanded 
candidacy, totally implantable and “smart” upgradeable systems, robotic-assisted 
atraumatic insertion, and integration of AI-driven signal processing that enhances 
speech-in-noise performance and long-term outcomes. In tinnitus, large prospective 
cohorts now demonstrate robust tinnitus suppression following cochlear implantation, 
while bimodal neuromodulation devices such as Lenire and emerging multimodal 
neuromodulation paradigms offer clinically meaningful symptom relief beyond 
traditional sound therapy. This article reviews key advances in cochlear implants and 
tinnitus management, emphasizing clinical implications, mechanistic insights, and 
future directions for integrated, network-level interventions in otology. 
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Introduction 
Over the past decade, cochlear implants (CIs) have evolved from niche interventions 
for profound bilateral deafness into versatile neuroprosthetic systems that address a 
broader spectrum of sensorineural hearing loss and tinnitus. Expanded candidacy 
criteria, improved electrode design, and sophisticated sound-processing algorithms 
have collectively improved speech perception, especially in noise, while preserving 
residual acoustic hearing in an increasing proportion of recipients. These technical 
gains are paralleled by the emergence of totally implantable systems and “smart” 
internal hardware capable of firmware upgrades, signaling a shift toward lifelong, 
upgradable neuroprostheses. 
In parallel, tinnitus—affecting roughly 10–15% of the population and often 
co-occurring with hearing loss—has moved from a largely intractable symptom to a 
target for mechanistically informed interventions. Prospective data now show that 
cochlear implantation can substantially reduce tinnitus burden in post-lingually 
deafened adults, while dedicated neuromodulation platforms such as Lenire and 
next-generation multimodal protocols provide additional options for patients without 
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CI candidacy. This article summarizes recent advances in cochlear implant technology 
and tinnitus management, focusing on how converging innovations in device design, 
neuromodulation, and systems neuroscience are reshaping modern otology. 
Methods 
This narrative review synthesizes recent advances in cochlear implants and tinnitus 
therapies with a focus on clinically relevant developments. A structured search of 
PubMed, MEDLINE, and major otology/audiology news and professional resources 
was performed for publications between January 2020 and early 2026 using 
combinations of the terms “cochlear implant,” “early implantation,” “totally 
implantable cochlear implant,” “smart cochlear implant,” “tinnitus,” “bimodal 
neuromodulation,” “Lenire,” and “neuromodulation tinnitus.” Priority was given to 
prospective cohort studies, large clinical series, feasibility trials of new implant 
platforms, and real-world evaluations of neuromodulation devices. 
Studies were included if they reported: (1) technical or clinical advances in cochlear 
implant hardware, candidacy, or surgical technique; or (2) tinnitus outcomes related to 
cochlear implantation or neuromodulatory therapies. Non-English articles, case reports 
without generalizable methods, and purely engineering-focused reports lacking clinical 
data were excluded. Because of heterogeneous designs and outcomes, findings are 
presented descriptively rather than meta-analytically, with emphasis on trends, 
mechanistic implications, and translational relevance to clinical otology. 
Results 
Advances in cochlear implant technology 
Recent reports highlight multiple hardware and systems-level innovations that are 
reshaping cochlear implantation. Contemporary external processors incorporate 
advanced algorithms for automatic scene analysis, speech-in-noise enhancement, and 
connectivity features that improve communication in complex acoustic environments. 
These systems separate speech from background noise more effectively than earlier 
generations, with associated gains in subjective communication ease and quality of life. 
Battery technology has also improved, yielding up to roughly 30–40% longer operating 
times compared with devices only a few years prior, thereby reducing daily 
management burden. 
A major step forward is the development and early clinical deployment of totally 
implantable cochlear implants (TICIs), which integrate all components—including 
microphone, power source, and signal processor—within the body. Feasibility data 
indicate that speech perception with TICI systems can match that of conventional CIs 
while providing cosmetic benefits, enabling continuous hearing without external 
hardware and potentially improving adherence and device use in active lifestyles. 
Surgical implantation follows standard CI approaches, suggesting that widespread 
adoption may be feasible as long-term safety and reliability data accumulate. 
Another important innovation is “smart” upgradeable internal hardware, exemplified 
by systems such as the Cochlear Nucleus Nexa implant. Unlike earlier generations 
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where technological upgrades were largely restricted to external processors, these 
implants possess a redesigned internal chipset and firmware-update capabilities that 
allow future software and algorithmic improvements to be deployed directly to the 
implant, expanding performance over time without surgical revision. Onboard 
diagnostics provide continuous self-monitoring of device function, reducing 
troubleshooting burden for clinicians and caregivers and potentially enabling 
predictive maintenance and remote care models. 
Finally, advances in electrode design and surgical technique aim to better preserve 
residual acoustic hearing. Slimmer electrode arrays, combined with perioperative 
steroid delivery from embedded wires and the use of robotic-assisted insertion systems, 
have been associated with reduced insertion trauma and improved preservation of 
natural hearing in hybrid CI candidates. Robotic systems apply highly controlled, 
low-force electrode insertion, which may decrease cochlear damage relative to manual 
techniques, particularly in delicate cochleae with partial hearing. 
Early implantation and expanded candidacy 
Recent cohort data reinforce the developmental benefits of early cochlear implantation 
in children. Early diagnosis and prompt CI in infants and toddlers are strongly 
associated with superior language acquisition, auditory development, and global 
neurocognitive outcomes compared with delayed implantation. These findings support 
policies that prioritize early screening, rapid candidacy assessment, and expedited 
access to implantation during critical periods of auditory cortical plasticity. 
Concurrently, candidacy criteria have expanded substantially. CIs, previously reserved 
for those with bilateral severe-to-profound loss, are now being considered for 
individuals with asymmetric hearing loss, single-sided deafness, and even moderate 
hearing loss who struggle despite optimally fitted hearing aids. Clinical centers report 
that next-generation electrode arrays and atraumatic techniques allow greater 
preservation of low-frequency hearing, enabling electric-acoustic stimulation (EAS) 
strategies that combine residual acoustic hearing with CI output to improve music 
appreciation and speech-in-noise perception. These shifts reflect a growing emphasis 
on functional communication outcomes rather than purely audiometric thresholds in 
candidacy decisions. 
Cochlear implants as tinnitus therapy 
A pivotal development in otology is the recognition of cochlear implantation as a 
powerful therapeutic option for tinnitus in appropriately selected patients. A large 
prospective cohort of post-lingually deafened adults demonstrated that cochlear 
implantation reduced tinnitus loudness in approximately 58% on average and provided 
clinically significant reduction in tinnitus burden—measured by standardized 
questionnaires—in about 90% of those with pre-surgical tinnitus. Importantly, the 
incidence of new-onset tinnitus in previously asymptomatic patients following 
implantation was low (around 3–4%), suggesting a favorable risk–benefit balance for 
tinnitus outcomes. 
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Mechanistically, the observed tinnitus suppression appears to involve at least two 
timescales. A fast component, occurring over minutes, correlates with device activation 
and deactivation, consistent with acute masking, peripheral stimulation, or rapid 
changes in auditory pathway synchrony. A slower component, developing over months 
of continuous CI use, likely reflects longer-term plasticity within auditory and 
non-auditory networks, with durable reductions in tinnitus loudness, anxiety, and 
insomnia. At 24 months post-activation, roughly three-quarters of implanted tinnitus 
ears showed at least a 30% reduction in loudness, and over a third achieved complete 
or near-complete suppression. 
These improvements compare favorably with established treatments. For example, 
conventional hearing aids and sound-therapy programs typically reduce tinnitus 
functional indices by about 21–33 points over several months, whereas tinnitus 
retraining therapy or cognitive-behavioral therapy often yield smaller changes in 
tinnitus loudness or handicap scores over longer periods. In contrast, cochlear 
implantation produced larger and more sustained reductions in both tinnitus loudness 
and handicap indices, while simultaneously restoring meaningful hearing function and 
improving communication. 
Neuromodulation and next-generation tinnitus therapies 
Beyond cochlear implantation, neuromodulation has emerged as a promising domain 
for targeted tinnitus therapy. Bimodal neuromodulation devices, particularly Lenire, 
combine auditory stimulation with synchronized electrical stimulation of the tongue, 
aiming to engage and retune dorsal cochlear nucleus and wider auditory-limbic 
networks. Large clinical trials of Lenire have reported that roughly 80–91% of 
treatment-compliant patients experienced clinically significant reductions in tinnitus 
severity, with many maintaining improvements for at least 12 months after treatment. 
Recent real-world evidence (RWE) from a U.S. cohort confirmed that Lenire’s 
outcomes in routine clinical practice are consistent with trial data and with FDA 
labeling. In patients with moderate or worse tinnitus severity, about 82% achieved a 
clinically meaningful response (≥7-point improvement on the Tinnitus Handicap 
Inventory), with an average reduction of nearly 24 points after 12 weeks of therapy. 
These results support the integration of bimodal neuromodulation into standard 
audiology care for selected tinnitus subgroups. 
Beyond bimodal systems, research is progressing toward multimodal neuromodulation 
that targets deeper nodes of the tinnitus network. Experimental protocols combine 
auditory stimulation with somatosensory, transcranial electrical, focused-ultrasound, 
or photobiomodulation approaches, seeking to modulate corticothalamic and limbic 
hubs implicated in persistent tinnitus. Conceptual frameworks emphasize that durable 
relief likely requires personalized, sequenced interventions rather than single, 
open-loop sessions, with treatment tailored to tinnitus phenotype, comorbidities, and 
brain-network signatures. 
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Comparative overview of key methods in cochlear implants and tinnitus 
Domain Method / 

Technology 
Main 
mechanism or 
feature 

Key advantages Principal 
limitations 
or 
unknowns 

Cochlear 
implants – 
platform 

Conventional 
external CI systems 

External 
processor, 
internal 
electrode array 

Proven speech 
outcomes, flexible 
programming, 
upgradeable 
externals 

Requires 
visible 
hardware; 
limited 
waterproofin
g in older 
systems 

Cochlear 
implants – 
platform 

Totally implantable 
CI (TICI) 

Fully 
internalized 
microphone, 
battery, and 
processor 

Continuous 
hearing, cosmetic 
advantages, 
weather-independe
nt use 

Long-term 
battery life, 
recharging 
strategies 
still evolving 

Cochlear 
implants – 
platform 

“Smart” 
firmware-upgradeab
le CI (e.g., Nexa) 

Internal chipset 
with firmware 
updates, onboard 
diagnostics 

Access to future 
algorithms without 
re-implantation; 
self-monitoring 

Long-term 
reliability of 
frequent 
firmware 
changes not 
yet known 

Cochlear 
implants – 
surgery 

Robotic-assisted, 
slim electrode, 
steroid-eluting 
arrays 

Low-force 
insertion, 
anti-inflammator
y drug delivery 

Better residual 
hearing 
preservation, 
potentially less 
trauma 

High system 
cost; requires 
specialized 
training 

Tinnitus – via 
cochlear 
implants 

CI for post-lingual 
deafness with 
tinnitus 

Peripheral 
stimulation, 
masking, 
long-term central 
plasticity 

~90% show tinnitus 
reduction; large 
loudness 
suppression; 
improved hearing 

Applicable 
mainly to 
candidates 
for CI; 
surgical risks 

Tinnitus – 
bimodal 
neuromodulatio
n 

Lenire 
tongue-plus-sound 
therapy 

Paired auditory 
and 
somatosensory 
input to 
modulate neural 
synchrony 

80–90% responders 
in trials; 
non-invasive; 
FDA-approved 
device 

Requires 
adherence; 
optimal 
protocols, 
phenotyping 
still evolving 

Tinnitus – 
multimodal 
neuromodulatio
n 

Emerging 
multimodal / deeper 
targeting 

Sequenced 
stimulation of 
auditory and 
non-auditory 
hubs 

Theoretically 
greater, more 
durable relief in 
defined subgroups 

Mostly 
experimental
; limited 
clinical 
infrastructur
e 

 
Discussion 
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The convergence of advances in cochlear implantation and tinnitus neuromodulation 
is redefining the boundaries of otologic care. Modern cochlear implants, including 
totally implantable and smart systems, show that hearing neuroprostheses are 
increasingly designed as long-term, upgradeable platforms rather than static devices, 
aligning with broader trends in implantable neuromodulation technologies. At the same 
time, expanded candidacy and robotic-assisted, atraumatic techniques are reshaping 
surgical indications, allowing implantation to address not only profound deafness but 
also residual-hearing configurations and debilitating tinnitus, often with preservation 
of low-frequency hearing. 
The growing body of evidence that cochlear implantation yields substantial tinnitus 
suppression represents a conceptual shift: the CI is no longer purely a 
hearing-restoration device, but also a network-modifying neuromodulator for tinnitus 
in appropriately selected patients. Compared with traditional approaches such as 
hearing aids, masking, or counseling alone, cochlear implants deliver larger and more 
durable reductions in tinnitus severity, albeit at the cost of surgery and with candidacy 
limits. These data argue for systematically incorporating tinnitus assessment into 
pre-implant counseling, particularly for post-lingually deafened adults whose quality 
of life is dominated by tinnitus rather than hearing thresholds alone. 
Bimodal neuromodulation solutions like Lenire bridge an important gap for patients 
who remain poor CI candidates or who retain substantial hearing. Real-world and trial 
data suggest that carefully tuned auditory–somatosensory stimulation can provide 
clinically meaningful, often sustained tinnitus relief in a large fraction of patients, 
supporting its integration into standard audiologic practice. Yet, outcomes still vary, 
underscoring the need for better phenotyping, personalized parameter selection, and 
long-term monitoring frameworks that can identify responders early and refine 
protocols. 
Looking ahead, the most promising trajectory lies in unifying these strands into a more 
comprehensive model of auditory network modulation. Smart cochlear implants with 
onboard diagnostics and connectivity could, in principle, serve as bidirectional 
interfaces that both stimulate and record activity, enabling adaptive closed-loop 
tinnitus therapies integrated within CI platforms. Parallel progress in deeper, 
non-invasive neuromodulation modalities—such as focused ultrasound and 
photobiomodulation—may provide complementary tools for patients who cannot or 
choose not to undergo implantation. Critical research priorities include controlled, 
multicenter trials comparing neuromodulation strategies, development of robust 
biomarkers for tinnitus network states, and ethical frameworks for data-rich, connected 
neuroprosthetic ecosystems in otology. 
Conclusion 
Cochlear implants and tinnitus therapies are undergoing a quiet revolution that is 
transforming otology from a discipline focused primarily on restoring audibility to one 
that actively reshapes auditory brain networks. Next-generation cochlear implants—
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totally implantable, firmware-upgradeable, and inserted with robotic precision—are 
broadening candidacy, preserving natural hearing, and simultaneously offering 
powerful relief from debilitating tinnitus in many post-lingually deafened patients. In 
parallel, bimodal neuromodulation platforms such as Lenire and emerging multimodal 
strategies are demonstrating that non-invasive, network-targeted stimulation can 
deliver durable symptom reduction for carefully selected tinnitus phenotypes. 
Taken together, these advances signal a future in which otologists can deploy a 
spectrum of intelligent, personalized neuroprosthetic and neuromodulatory options—
ranging from smart cochlear implants to tailored multimodal stimulation—to treat 
hearing loss and tinnitus as interconnected manifestations of auditory-brain 
dysfunction. The challenge now is to integrate these technologies into cohesive, 
evidence-based care pathways, ensuring that patients benefit from a new era of otology 
in which restoration of sound, relief from tinnitus, and preservation of neural health are 
pursued simultaneously rather than in isolation. 
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