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The holy grail of brain-computerinterfacesis an
electrode that lasts a lifetime. Dr Philip Kennedy
of Neural Speech Inc. has examined the
landscape of neural recording technologies,
comparing their longevity and effectiveness in
helping paralysed patients communicate and
regain mobility.
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The Challenge of Connecting Brains to Computers

For people who have severe paralysis due to conditions like motor
neurone disease, brainstem stroke, or spinal cord injury, brain-
computer interfaces (BCIs) offer a ray of hope. These technologies
detect neural signals and translate them into commands that can
control computers, robotic limbs, or speech synthesisers.

A significant challenge stands in the way of making BCls practical,
long-term solutions: the electrodes recording neural signals must
remain functional for decades. Most patients would need them to
work reliably throughout their remaining lifespan, potentially many
decades, especially for younger patients.

Dr Philip Kennedy, a physician and researcher at Neural Speech
Inc. in Georgia, USA, has focused his research on this challenge. In
his comprehensive review, Dr Kennedy analyses various electrodes
used in BCls, examining their designs, advantages, limitations, and,
crucially, their longevity.

Pioneering research, early milestones

Dr Kennedy began his work on neural interfaces in the 1980s,
developing the Neurotrophic Electrode. This innovative approach was
inspired by research showing that neurons could grow into introduced
materials. In this innovative line of investigation, he confirmed that a
glass cone containing nerve tissue could be successfully implanted
into the brain’s cortex. When inserted, nearby neurons would extend
branch-like structures into the cone. Insulated gold wires inside could
then record the electrical activity of these ingrown neural connections.

The major breakthrough came when Dr Kennedy's team discovered
that these recordings could persist as long as experimental animals
lived — over a year in rats and similar timeframes in monkeys. This
contrasted sharply with conventional metal electrodes, which typically
lost functionality over months.

In 1996, Dr Kennedy achieved a milestone by implanting his
Neurotrophic Electrode in a human patient. Since then, his team
has gathered extensive human data, including one remarkable case
where the electrode survived for 13 years until the patient’s death with
no sign of scarring. Two other patients maintained stable recordings
for four years until they passed away.

How Neurotrophic Electrodes Work

When Dr Kennedy's glass cone electrode is implanted into the brain,
it causes minor intentional damage. This damage, along with growth
factors placed inside the cone, triggers nearby neurons to extend
neurites into the recording area. Over several weeks, these neurites
become myelinated, creating stable neural pathways.

What makes this approach unique is that the electrode does not
penetrate or press against the neurons it records from. Instead, the
neurons grow into the recording space voluntarily, creating a natural,
stable interface.

Dr Kennedy's histological studies have confirmed this mechanism,
showing healthy neural tissue growing into the electrode with no
sign of scarring even after many years. This stands in contrast to
conventional electrodes, which typically become surrounded by scar
tissue that degrades their recording capabilities.

The original design could only record about 40 signals per electrode,
fewer than some metal arrays. However, Dr Kennedy notes that
a newer version developed in collaboration with Neuronexus Inc.
can record 300-400 signals from the same-sized tip, potentially
overcoming this limitation.
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Metal-Tipped Electrodes: High Signal Count but
Limited Lifespan

Metal-tipped arrays, such as the Utah Array, have dominated much
of brain-computer interface research due to their ability to record
from multiple neurons simultaneously. Developed by Richard Normann
and colleagues in the 1980s and first implanted in humans in 2004,
these electrodes feature arrays of tiny metal tines that penetrate the
brain tissue. Dr Kennedy acknowledges the impressive achievements
made with these electrodes. Teams using Utah Arrays have enabled
paralysed patients to control robotic arms, computer cursors, and
even generate synthetic speech.

However, their longevity poses a significant challenge. Dr Kennedy
cites research showing that in a cohort of 55 arrays in monkeys and
40 human implantations, the average functional lifespan was just
622 days. While some lasted longer, the yield of recorded neurons
typically fell from 90% to just 15% over 36 months. Dr Kennedy describes
a particularly poignant case where a patient who had learned to
control a robotic arm gradually lost this ability over several years,
as the electrode’s signals deteriorated.

The limited lifespan stems from three main factors: micromovements
between the rigid electrode and the softer brain tissue, immune
reactions to the foreign material, and scarring that electrically isolates
the electrode from nearby neurons.
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Emerging Alternative Approaches

Dr Kennedy's review examines several innovative approaches
being developed to address the longevity challenge. The Stentrode,
developed by Synchron Inc, is inserted into blood vessels near
the brain’s surface. Similar to cardiac stents, the mesh-like device
integrates with the blood vessel wall and can record neural signals
non-invasively.

Several teams are exploring flexible and ultra-soft materials to better
match the physical properties of brain tissue. The MESH electrode
incorporates subcellular-sized sensors that make intimate contact
with neurons and has shown promising results in mice, with signals
persisting for at least a year. A further possibility lies in ‘enhanced
electrodes’ that combine features of both neurotrophic and metal-
tipped approaches, including hydrogel-based designs that become
supple after implantation.
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Human Impact and Ethical Considerations

Dr Kennedy emphasises the profound human implications of electrode
longevity. For patients with locked-in syndrome, ALS, or spinal cord
injuries, the functional lifespan of neural interfaces directly impacts
their quality of life and treatment decisions.

Dr Kennedy draws particular attention to patients with ALS, who
can survive for decades on ventilators — Stephen Hawking lived for
50 years after diagnosis. For these patients, a neural interface that
degrades after a few years would mean returning to isolation after
briefly experiencing enhanced communication abilities.

These real-world consequences raise serious ethical questions about
implanting electrodes with known longevity limitations. Dr Kennedy
emphasizes that patients must be fully informed about the expected
lifespan of any implanted device.

The Future of Neural Interfaces

As Dr Kennedy looks to the future, he projects divergent paths for
different electrode technologies. His assessment suggests that only
electrodes forming intimate connections with the brain’s neural
tissue will achieve the lifespans of over 50 years needed for many
patients. Meanwhile, metal-tipped electrodes are likely to continue
playing important roles in short-term applications. Dr Kennedy notes
significant progress in regulatory approvals, with nine electrodes
now approved by the US Food and Drug Administration or European
regulators. This represents substantial growth from just two decades
ago, when only the Neurotrophic Electrode and Utah Array had
received approval.

The importance of achieving lifetime neural interfaces cannot be
overstated. For locked-in patients, brainstem stroke survivors, those
with ALS, or people with quadriplegia, a neural interface represents a
lifeline to the world. The difference between an electrode that functions
for three years versus 30 years is not merely technical — it is the
difference between temporary relief and genuine life transformation.

Dr Kennedy's work, with its demonstrated 13-year functionality in
one patient, represents a significant milestone toward this goal. As
research continues, the most promising path forward may involve
combining the best aspects of different approaches to achieve the
longevity needed for truly life-changing neural interfaces.
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Dr Philip Kennedy
Neural Speech Inc., Duluth, Georgia, USA

Dr Philip Kennedy obtained his MD from the National University of
Ireland in 1972, FRCSI (General Surgery) in 1976, PhD in Neurophysiology
from Northwestern University in 1983 and completed a Neurology
Residency at Emory University, Atlanta, Georgia. He is the Founder and
Chief Scientist of Neural Speech Inc. and has practised neurology since
1997. His pioneering work on brain-computer interfaces spans over
35 years, including the development of the Neurotrophic Electrode
for direct neural recordings in humans. He has conducted six human
implants, with a recent focus on speech prosthesis development for
locked-in patients.

Dr Kennedy holds multiple patents and has published extensively, with
over 89 peer-reviewed articles and book chapters. His work has been
featured in numerous documentaries and media outlets, and he has
received significant recognition, including the 2000 World Technology
Award in Health and Medicine and the 2013 Neurotechnology Report's
Researcher of the Year award. His groundbreaking research continues
to advance neural interface technology for restoring function in
individuals with severe disabilities.
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