
 

Researchers uncover way to restore
movement sensation in upper limb
amputation patients
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Schematic representation of the movement feedback paired to a real-time,
functional prosthetic hand clinically fitted to the participant. Feedback pathways
are represented in blue (VCLM, voice coil linear motor). Prosthesis control
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pathways are represented in red (participant control). Credit: P.D. Marasco et al.,
Science Translational Medicine (2018)

A team of researchers led by Cleveland Clinic has published first-of-its-
kind findings in Science Translational Medicine on a new method of
restoring natural movement sensation in patients with prosthetic arms.

Led by Paul Marasco, Ph.D., the research team has successfully
engineered a sense of complex hand movement in patients with upper
limb amputations. This breakthrough may enhance the ability to control
their prostheses, independently manage activities of daily living and
improve quality of life.

"By restoring the intuitive feeling of limb movement - the sensation of
opening and closing your hand - we are able to blur the lines between
what the patients' brains perceived as 'self' versus 'machine'," said
Marasco, head of the Laboratory for Bionic Integration in Cleveland
Clinic's Lerner Research Institute. "These findings have important
implications for improving human-machine interactions and bring us
closer than ever before to providing people with amputation with
complete restoration of natural arm function."

The team used small, but powerful, robots to vibrate specific muscles to
"turn on" patients' sensation of movement, allowing them to feel that
their fingers and hands were moving and that they were an integrated
part of their own body. By feeling their missing hands while controlling
their bionic prostheses, patients in the study could make complex grip
patterns to perform specific tasks as well or better than able-bodied
people.

To improve the relationship between the mind and the prosthesis, the
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researchers investigated whether they could use a movement illusion to
help patients better control their bionic hands. They studied six patients
who had previously undergone targeted nerve reinnervation, a procedure
that establishes a neural-machine interface by redirecting amputated
nerves to remaining muscles. When they vibrated the patients'
reinnervated muscles to provide illusory movement, they not only felt
their missing limbs move, but could use these sensations to intentionally
manipulate their prostheses to accurately guide complex grips.

This is important because when an able-bodied person moves, the brain
constantly receives feedback regarding the movement's progress. This
unconscious sense prevents errors in movement, like overreaching, and
allows the body to make necessary adjustments. People with amputation
lose this essential feedback, however, and as a result, cannot control their
prostheses without having to watch them carefully at all times.

The new study shows that the sense of missing limb movement, caused
by the strategic muscle vibration, provided patients with better spatial
awareness and improved fine motor control without having to visually
monitor the prostheses. Additionally, the movement sensation made the
bionic arms feel more like "self."

"When you make a movement and then you feel it occur, you
intrinsically know that you are the author of that movement and that you
have a sense of control or 'agency' over your actions," said Marasco.
"People who have had an amputation lose that feeling of control, which
leaves them feeling frustrated and disconnected from their prosthetic
limbs. The illusions we generate restore the sensation of movement and
reestablish their sense of agency over their prosthetics. This helps people
with amputation to feel more in control."

Going forward, the research team is exploring ways to expand these
techniques to patients who have lost a leg, as well as for those with
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conditions that inhibit movement sensation such as stroke. They are also
working to package the system into a prosthesis for longer-term
applications to enable patients to operate the system on a daily basis.

"The ultimate goal of our research is to use movement sensation to
streamline the relationship between patients and their technology, to
better integrate their prosthetics as a natural part of themselves," said
Marasco.

  More information: P.D. Marasco el al., "Illusory movement
perception improves motor control for prosthetic hands," Science
Translational Medicine (2018). stm.sciencemag.org/lookup/doi/ …
scitranslmed.aao6990
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