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Dear Editor:
The international opinion paper by Whitcroft et al. provides 

invaluable guidance for the emerging field of olfactory implants 
(1). While the authors thoroughly address clinical considerations 

and current technological approaches, we would like to expand 

upon Statements 9.1 and 9.3 regarding electrode technology 

limitations and highlight recent advances in brain-computer 

interface (BCI) technology that could address key technological 

challenges around electrode longevity and biocompatibility.

Contemporary high-density microelectrode arrays (HDMEAs) 

now achieve electrode densities exceeding 4,000 channels with 

inter-electrode spacing approaching the 30-200 μm diameter 

range of mammalian glomeruli (2). For surgeons considering 

transcribriform approaches, this represents a significant ad-

vancement over traditional Utah arrays, potentially enabling 

selective stimulation of individual glomerular units essential 

for odour-specific neural activation patterns during olfactory 

implantation.

Recent developments in electrode biocompatibility focus on 

enhancing long-term stability through improved compliance 

and surface modification strategies including stiffness modifi-

cation, altering conductive properties and immunomodulatory 

coatings to reduce glial scarring and maintain neuronal viability 
(3). Ultra-thin, flexible neural probes incorporating biocompatible 

polymeric substrates with tissue-matched mechanical proper-

ties show promising results for long-term implant stability (4), 

particularly important for olfactory implants where long-term 

stability near the olfactory bulb is required. Carbon nanotube-

enhanced conductive coatings provide improved electrochemi-

cal properties while promoting neural integration (5) - essential 

characteristics for maintaining effective olfactory stimulation 

over extended periods. 

Smart responsive materials that actively modulate the local 

environment to reduce inflammation represent an emerging 

approach to chronic implant stability (6), directly addressing 

the biocompatibility challenges specific to olfactory implant 

applications. The advent of ‘bio-hybrid’ regenerative bioelectric 

neural interfaces potentially addresses electrophysiological 

integration challenges through a layer of living cells at the brain-

device interface, enhancing biomechanical compatibility with 

olfactory bulb tissue and functioning as a scaffold to facilitate 

tissue integration - crucial for maintaining intimate contact with 

glomerular structures (7). 

Recent innovations in magnetically actuated liquid-metal (LM) 

multi-electrode arrays (8) represent potential for post-implantati-

on geometric optimization to conform to individual variations in 

olfactory bulb morphology. This technology maximises biome-

chanical compatibility whilst enabling efficient utilization of a 

single electrode array - particularly valuable given the com-

plex three-dimensional architecture of the olfactory bulb. The 

high-resolution cellular-scale 3D printing technique involved 

in electrode production enables customizability to individual 

variations in olfactory bulb morphology as well as structural and 

mechanical similarity to interfacing neurons.

Experimental BCI research in olfactory neurofeedback systems 

has demonstrated successful integration of respiratory monito-

ring with neural stimulation protocols that synchronize electrical 

stimulation with natural breathing patterns (9). This approach is 

particularly relevant for olfactory implants, as it could enhance 

the ecological validity of artificially induced olfactory percepts 

by aligning stimulation timing with natural physiological 

rhythms. Additionally, insights from olfactory neurofeedback re-

search could inform adaptive stimulation protocols that improve 

the reproducibility and validity of downstream neurocognitive 

and emotional responses associated with olfactory stimulation. 

This could be particularly relevant for patients undergoing 

post-implantation olfactory rehabilitation, enabling personali-

zed stimulation parameters that optimize perceptual outcomes 
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based on individual neural response patterns.

Conclusion

The convergence of recent advances in BCI technology with 

olfactory neuroscience presents unprecedented opportunities 

to address some of the technological limitations identified by 

Whitcroft et al. (1). We encourage the olfactory implant com-

munity to incorporate these rapidly maturing BCI technologies 

in future translational research - potentially offering enhanced 

precision for glomerular-scale stimulation, improved long-term 

biocompatibility through bio-hybrid interfaces, and naturalistic 

stimulation paradigms synchronized with respiratory patterns – 

in a bid to accelerate progress towards clinically viable devices 

that provide meaningful individualized sensory restoration for 

Eishaan K. Bhargava

Department of ENT

Sheffield Children’s Hospital

Sheffield

United Kingdom

E-mail: eishaan@gmail.com

References     
1.	 Whitcroft KL, Hernandez AK, Andrews P, et 

al. Olfactory implants: international opinion 
paper on emerging technologies and clini-
cal applications. Rhinology. 2025;63(Suppl 
35):1-37. 

2.	 Schröter M, Cardes F, Bui CVH, et al. 
Advances in large-scale electrophysiology 
with high-density microelectrode arrays. 
Lab Chip. 2025;25(19):4844-4885.

3.	 Gao W, Yan Z, Zhou H, et al. Revolutionizing 
brain-computer interfaces: overcoming 
biocompatibility challenges in implantable 
neural interfaces. J Nanobiotechnology. 
2025;23:498. 

4.	 Peng L, Wang L, Wu S, et al. Biomechanics 
characterization of an implantable ultrathin 
intracortical electrode through finite ele-

ment method. Sci Rep. 2025;15(1):19938. 
5.	 Villa J, Cury J, Kessler L, Tan X, Richter CP. 

Enhancing biocompatibility of the brain-
machine interface: A review. Bioact Mater. 
2024;42:531–49. 

6.	 G a o  H ,  S h e n  H ,  Z h a n g  X ,  e t  a l . 
Revolutionizing neural  regeneration 
with smart responsive materials: Current 
insights and future prospects. Bioact Mater. 
2025;52:393–421. 

7.	 Carnicer-Lombarte A, Malliaras GG, Barone 
DG. The future of biohybrid regenerative 
bioelectronics. Adv Mater Deerfield Beach 
Fla. 2025;37(3):2408308. 

8.	 Kim E, Jeong E, Hong YM, et al. Magnetically 
reshapable 3D multi-electrode arrays of 
liquid metals for electrophysiological 
analysis of brain organoids. Nat Commun. 

2025;16(1):2011. 
9.	 Ninenko I, Medvedeva A, Efimova VL, Kleeva 

DF, Morozova M, Lebedev MA. Olfactory 
neurofeedback: current state and possi-
bilities for further development. Front Hum 
Neurosci. 2024;18:1419552.

patients with olfactory dysfunction. 

Authorship contribution
EB has made significant contributions to conception and design 

of the work and drafting the work. MA has made significant 

contributions to design of the work and critically reviewing the 

work. Both authors have approved the final version submitted 

for publishing.

Conflict of interest
No conflict of interest to declare.

Funding
There is no funding to declare for the work.

Corrected Proof




