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Implantable neural interfaces

MEG

~5 mm

EEG

1-2 cm

* Electrocorticography (ECoG) ECoG/UECOG

2-10/0.5-2 mm

* Micro-Electrocorticography (MECoG)

MEA

* Stereo-Electroencephalography (sEEG) 100-200 pm
* Intracortical microelectrode arrays (MEASs) SEEG
~5 mm

 Endovascular (Stentrodes) @ &mml

White matter

From Jorfi et al. 2015 and Bocquelet et al. 2017
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Implantable technologies (endovascular and ECoG)
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Implantable technologies (intracortical)

Blackrock
Neurotech

421 intracortical rigid elec/array (up to
4 arrays), wireless

e ABILITY

1024 intracortical flex elec/array, robot implantation, wireless
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Upcoming implantable technologies
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Towards extensive brain interfacing
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Restoring walking with implantable BCls

a
Cortical implants incorporating 2 x 64 channels
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Lorach et al. Nature 2023
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Restoring communication with implantable BCls

. ; - 100
S =2 8w
‘l }’\:\ N E o RNN
€ o Character Probabilities
\ > r\ = 60 %° 1 h K H
e N u 8 z : H
o= (_/ g Previous intracortical BCls g ‘ 3
f R Mt Lt 2o 2
2 > | [comm 8 () 1 2 - S
= Time (s)
= = L Tima (=)
o ) g 20
o s o b i - izn T18
A ,,:& ‘L"LQ ,,‘,‘;\ ,,:?9 —~90 +~ Raw Character ‘5110
Prompt:  daisy leaned forward, at once honified and fascinated. FENLNE NN & 80 —* Character Post Language Model - S100\yjjiett 2021
Rawoutput:  dai sy sleare d>f arwa rd | s t>oace >hoarrl £ | ed »ard S ascimted Trial day 70, —*— Word Post Language Model € gg __________
1 1 1 L \ [
0 0 £ » % o
Time () Q gg
¥ 50
i o 40
Willett et al., Nature 2021 o 30
~ D20
. © 10
< 07 ey T
4585 86 02 93 106 107 (& 4585 86 92 93 106 107
Trial Day Trial Day

Jude et al., MedRxiv 2025

Journée annuelle du comité d’éthique - Contréler ou libérer nos cerveaux ? 15 octobre 2025

La tension éthique des neurotechnologies



Restoring speech with implantable BCls
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Card et al.,, NEJM 2024
Jude et al., bioRxiv 2025
Wairagkar et al. Nature 2025
Kunz et al. Cell 2025

Moses et al., NEJM 2021
Metzger et al., Nature 2023

Luo et al., Adv. Sci. 2023
Littlejohn et al., Nat Neuro 2025
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Implications: privacy of thoughts with speech BCls

Via higher-crder frontal networks

input from
——— «+— ather sensory
Dorsal stream modalities

Phonological
Mid-post STS
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Hickock and Poeppel, Nature Rev Neurosci, 2007
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of Accuracy, Control and Pragmatics
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SUMMARY

Speech brain-computer interfaces (BCls) show promise|
but have also prompted discussions regarding their pot|
ner speech may be a way to bypass the current napmac‘
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decoded in real time. The representation of inner spe

DECLARATION OF INTERESTS

The MGH agree-
ment (CRSA) with Axoft, Nauralink, Neurobionics, Paracromics, Precision
Neuwo, Syrchran, and Reach Neuro, for which LRH. provides consultative
input. LAM. is a non-compansated member of the Board of Direclors of &
nonprofit assistive communication device technology foundation {Speak
Your Mind Foundation). Mass Genersl Brigham (MGB) Is comvening the
Implantabée Brain-Computer Interface Collaborative Communty (BCH-CC)
Cheritabie git agreements 1o MGB, including thoss receved to data from
Paradromics, Synchron, Precision Neuro, Neuralnik, and Blackrock Neuro-
tech, support tha iBCI-CC, for which LR K. pravides effort.

S.D.S.is anitventor onintelisctusl property cansed by Stanford Univessity
to Blackrock Neurotech and Neuralink Cerp. He i an advisor to Sonera. He
&0 has equity In Wispeai C.P. is an employee & Meta [Realty Labs). D.M,
B. 78 asurgical consultant for Paradromics Inc. D.M,8. and D.B.R. are principal
Iwestigators for the Connexus BCI chnical trial for a Paradromics Inc. clinicat
product, 5.0.5. and D,MB, &e inventors of talectual property refatod to
speech neuroprostheses owned by the University of Califomia, Davis that
has been hicensed 10 8 neurclechnology startup.

JMH. is a consultant for Paradromics, serves on the Medical Advisory
Boerd of Enspire DBS, and is a shareholder in Mapight Therapeutics. Ha is
@20 the co-founder of Re-EmerpaDBS. He is slso an inventor on intellectusl

though we also a neural “motor-intent” dim| proparty licensed by Stanford University to Blackrock Neurntech and Naura-
the possibility of decoding private inner speech and four] link Corp. F.RW. iz an inventor on intelloctual property kcensed by Stanford
be during recall and tasks| University to Blackrock Neurotech and Nevralink Corp.

prevent speech BCls from unii i ing prit

TS TS SPesCTT. |

Word Error Rate (%)

Offline Cross-behaviar Transfer (50-word Vocab)
Tis T16

80 6

o

pe e 9o

PSS WA
's b # CH A

W Trained on Attempted Speech, Tested on Attempted Speech
W Trained on Inner Speech, Tested on Inner Speech

= Trained on Attempted Speech, Tested on Inner Spaech

=== Chance

B Decoders can be trained to silence imagery

T12 15 Ti6
< 100
w8
i o
55 60
23
Vg 40
23
€% 20
Q 1.0% 3.0% 0.33%
d e D & D
Q’\‘ \oe{ \\’\ \ed' \\'& \v.(‘é,
& 8 oF &
(2 &
S & H N oS
& & &P
& & &

Journée annuelle du comité d’éthique - Contréler ou libérer nos cerveaux ?

15 octobre 2025
La tension éthique des neurotechnologies OCIOBIE




Towards neuromorphic brain interfacing

Sourikopoulos et al. Front
Neurosci 2017

Computational Systems Neuroscience

Goal: low-power automatic <€
signal processing embedded 0 . ons als A
inside brain implants to avoid ,, Sanw
heavy data transmission o o e
extracellular \ ‘ H Networks
1 w " { A - )
Solution: Spiking Neural s \ e k] v 2
Networks (SNNs) compatible  “ e <3D — 3
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neuromorphic hardware - o ML
- @
P cartors y iy
V i detection
Neuromorphic Systems Engineering
Broccard et al. JINE 2018 De Salvo, ISSCC 2017
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Example : neuromorphic spike sorting algorithms
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Neuromorphic computing hardware

nature communications

3

Article https://dol.org/10.1038/s41467-025-61576-6

A neuromorphic processor with on-chip
learning for beyond-CMOS device
integration
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# Check for updates
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Neuromorphic brain interfacing

Closed-loop coupling between SNNs and cortex

TOP Publishing Journal of Naural Engineenng

J. Noural Eng, 14 (2017) 041002 (2609)

Topical Review

Neuromorphic neural interfaces: from

neurophysiological inspiration to biohybrid

coupling with nervous systems
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Manipulation of neuronal activity by an artificial spiking neural
network implemented on a closed-loop brain-computer interface
in non-human primates

Jonathan Mishler'”* (", Richy Yun'”, Steve Perlmutter'~*, Rajesh P N Rao’’ and Eberhard Fetz'*'*
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Implantable neurotechnologies: Ethical implications

* Answering patients’ needs and expectations
* Positive benefit — risk balance

* Affordability / accessibility

* Therapeutics vs. enhancement

* Data safety and privacy

* Dual uses

* Accountability

* Privacy of thoughts with speech BCls

* Preserving agency and subjectivation

* Coupling with Virtual Reality

= Need for clever regulations
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Neuroprosthetic Speech: The Ethical Significance
of Accuracy, Control and Pragmatics

STEPHEN RAINEY, HANNAH MASLEN, PIERRE MEGEVAND, LUC H. ARNAL,
ERIC FOURNERET, and BLAISE YVERT

Cambridge Quarterly of Healthcare Ethics (2019), Page 1 of 14. ®
& Cambridge University Press 2019 ||
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Digital Normativity: A Challenge for
Human Subjectivation

Inserm and Linv Grenobie Alpes, BrainTech Leb U1205, Giéves, France

Keywords: artificial intelligence, machine learning, free will (freedom), agency, ethics, education, normativity,
governance
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Neuromorphicbraininterfacingand
the challenge of human subjectivation

Blaise Yvert & Eric Fourneret * Check for updates
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Thank you for your attention
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