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New Advances for Amputees

Until recently, the concept of prosthetic 
limbs that can be controlled by the 
human nervous system was confined 
to the world of science fiction. Recent 
advances have given us prostheses that 
can interact directly with the nervous 
system, giving the user back the use of 
an arm or a leg, or a fully articulated 
hand with each finger individually 
controllable. 

With more than 1 million limb 
amputations taking place globally each 
year, the need for safe and effective 
prosthetics is critical. The greatest 
challenges facing fully functioning, user-
controlled prosthetics are reliability and 
safety, and ensuring that the prosthesis 
responds to real, measurable nerve 
signals and can be attached over a long 
period of time without causing damage 
to the nerves. 

One of the researchers addressing these 
challenges in a novel way is Professor 
Dominique Durand, E L Lindseth 
Professor of Biomedical Engineering 
and Neurosciences and also Director of 
the Neural Engineering Center at Case 
Western Reserve University, USA. 

Professor Durand and his team 
work in the emerging field of neural 
engineering, a new discipline at 
the intersection of neuroscience, 
neurology, and engineering. Neural 
engineering is an interdisciplinary 
research area that involves applying 
engineering techniques to the study 
and manipulation of the nervous 
system, with the aim to better 
understand how the nervous system 
works and provide new treatments for 
neurological dysfunction. Fields within 
neural engineering include, but are not 
limited to, the development and use of 
neural interfaces for neuroprosthetics, 
such as neural controlled artificial 
limbs for amputees or altering neural 
activity by direct stimulation of the 
central or autonomic nervous system 
(neuromodulation). 

Professor Durand’s work aims to 
address two distinct neurological 
problems; the first is how to control 
disorders of the central nervous system 
such as epilepsy through electrical 
stimulation of the brain. The second 
is how to interface with the peripheral 
nervous system in order to restore 
function in patients with autonomic 
imbalance and give voluntary control of 
artificial limbs to amputees using neural 
prosthetics.

PLUGGING INTO THE 
NERVOUS SYSTEM

New advances in neural engineering have led to devices that can 
be operated using the nerves of the user, but the effectiveness and 
safety of these devices over long periods of use is a key concern. 
Professor Dominique Durand, Director of the Neural Engineering 
Center at Case Western Reserve University, leads a team of scientists 
looking to improve neuroprosthetics through developing new 
methods of interfacing with the nervous system.

The Problems with Prosthesis

The majority of user-controlled 
prosthetics have utilised 
electromyography (EMG) pads that 
attach to the skin and detect the electric 
activity of existing muscles, generating 
signals that can then be sent to a 
prosthetic limb and direct it to move. 
However, patients with muscle damage 
to the upper-arm or with upper-arm 
amputations may not have muscles 
available to control the prostheses. 

More recent prosthetic devices can 
chronically attach to the user by 
interacting directly with the nervous 
system. Instead of EMG electrodes, 
these devices use probes that are 
implanted into the body and wrap 
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around nerves, called cuff or wire 
hooks electrodes. These are limited by 
their ability to differentiate real nerve 
impulses against background noise 
which can be caused by static as the 
cuffs move against the nerves. 

Cutting edge research in prosthetics has 
led to probes that can enter inside the 
nerve itself and detect nerve impulses 
directly. These are much better at 
determining which nerve impulses are 
‘real’, but their safety is as-yet untested 
when used long-term in implants. 

A breakthrough from Professor 
Durand and his group in 2017 led to 
the development of a novel method 
of allowing technology to interface 
directly with the nervous system. They 
hypothesised that probes have had 
limited previous success use due to their 
stiffness. Nerve fibres are very flexible, 
and the team identified the need for 
a flexible probe that would match the 
mechanical properties of the nerve to 
prevent the probe from moving and 
causing irritation over the lifetime of the 
implant.

The Carbon Connection

To make a much more flexible probe, 
Professor Durand’s team formulated 
a probe composed of strings made of 
nanometre-wide strands called carbon 
nanotubes (CNTs). The original idea 
was to design an axon-like probe with 
dimensions and flexibility similar to 
other axons near the electrode. CNTs 
are a form of carbon, like graphite 
and diamond, where molecules of 
carbon are arranged into long tubular 
structures. The team spun the CNTs into 
an extremely thin multi-stranded yarn 
much thinner than the diameter of a 
nerve. The thinness of the probe meant 
that it could be implanted into the nerve 
with the aid of a microscopic metal 
needle called a microneedle.

Professor Durand’s team tested the 
flexibility of the new yarn constructed 
from CNTs using a technique called 
atomic force microscopy and found 
that it was much more conductive and 
flexible than the platinum-iridium wire 
usually used for implants, with flexibility 
closely matching that of a nerve fibre. 
The team concluded this material would 
be perfect for the basis of a neural 
interface.

To test the probe, Professor Durand’s 
team first implanted the probe into the 
vagus nerve of a rat. The vagus nerve 
is situated in the neck and is a major 
conduit for nervous communication 
between the brain and the body. It 
receives sensory information from the 
organs of the body, including the heart, 
lungs, and the gut. The group measured 
the signals generated from the vagus 
nerve and a large range of signals 
coming the various organs.

Professor Durand’s team then implanted 
the probe in another major nerve of the 
neck called the glossopharyngeal nerve. 
This nerve transmits impulses from the 
carotid sinus which senses oxygen and 
pressure regulation. The group induced 
a hypoxic event in the rat, and then 
measured the nerve activity using the 
probe. They found they could detect the 
two types of signals produced by the 
carotid sinus that give information to 
the brain about the blood oxygen level 
and blood pressure. 

Illustration of a carbon nanotube
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Precision and Safety

Once the team knew the probe was effective in detecting nerve 
impulses, they went on to test whether the probe could detect 
impulses from specific parts of the nerve. Nerves are made up 
of bundles of tiny nerve fibres called axons that carry various 
signals. The carbon nanotube probe is about the size of one 
of these axons, which allows several probes to be implanted 
within very small nerves. 

This approach allowed the team to measure the activity of 
individual bundles of axons within the nerve itself. They found 
when the rats were exposed to hypoxia, two different probes in 
the same nerve gave very different responses, indicating that 
each probe could selectively record different neural signals, 
such as baroreceptors and chemoreceptors. This shows that a 
greater and more accurate level of selectivity in detecting nerve 
impulses can be obtained using these tiny probes.

Finally, Professor Durand’s group tested their hypothesis 
that the flexible fibres would cause less irritation after being 
implanted in the body over a long period of time. In other 
systems, long-term insertion of a probe into a nerve can cause 
a problem where the body’s immune system responds to 
irritation and inflammation at the site of implantation. The 
foreign body response can cause a thickening of the connective 
tissue and scarring, which can come between the probe and 
the nerve leading to a significant decrease in recorded signal 
amplitudes. This effect can interfere with the normal function 
of a user-controlled prosthesis, and may even cause damage to 
the surrounding tissue.

The team found that chronic implantation of CNTs generated 
only minimal amount of inflammation around the site 
of implantation. The group looked at the area where the 
probe has been inserted and found there were few immune 

cells around the site of implantation, indicating a limited 
inflammatory reaction in response to the Carbon Nanotube 
probe. 

New Frontiers in Neural Interfaces

Professor Durand’s team’s findings confirmed their hypothesis 
that probes made from CNTs would be more suitable for 
chronic implants, causing less damage, and maintaining 
signal for a longer period. The group hopes that these findings 
will pave the way for more effective carbon nanotube-based 
controllable prosthetics. Future work by Professor Durand 
and his group will also focus on the development of a new 
neural control system for a prosthetic arm using their novel 
technologies. 

Critically, not only was the CNT yarn system capable of 
detecting nerve impulses, it was also able to stimulate 
nerves. Whereas detecting nerve impulses is key in designing 
artificial prostheses, the ability of the probe to both detect and 
stimulate nerves could mean it could be used to even repair 
nerves damaged by neurological injuries, such as strokes and 
spinal injury. Each year, over 100,000 people in the UK suffer 
strokes. It is the leading cause of disability in the UK, with 
two-thirds of stroke survivors suffering some sort of prolonged 
disability caused by damage to the nervous system. 

Professor Durand’s new technique opens up a host of new 
opportunities to combat some of the most complex and 
impactful problems in neurology today. Science fiction no 
longer, new findings from Professor Durand’s lab could lead the 
way to new, more effective and stable prosthetics and give us 
new ways of treating disorders of the nervous system.
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Meet the researcher

Professor Dominique Durand received his PhD in Electrical 
Engineering from the University of Toronto. On completion of 
his doctorate in 1982, Professor Durand moved to Cleveland, 
USA to take up an Assistant Professor position at Case 
Western Reserve University, Ohio where he is currently the 
E L Lindseth Professor of Biomedical Engineering. Professor 
Durand’s research is focused on solving problems in the 
central and peripheral nervous systems through the disciplines 
of neural engineering, computational neuroscience, and 
neurophysiology. In particular, he is working on how to 
understand and restore neural function in both the central 
and peripheral nervous systems, investigating how applied 
currents could be used to control seizures in patients with 
epilepsy, and improving user-controlled prosthetics. In 2000, 
he was appointed Director of the Neural Engineering Center, a 
multidisciplinary institute dedicated to research at the interface 
between neuroscience and engineering. He is the founder and 
editor-in-chief of the Journal of Neural Engineering.
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