Press release

The first dexterous and sentient hand prosthesis has been successfully
implanted
Neuchâtel, February 9, 2019 - A female Swedish patient with hand amputation has become the first
recipient of an osseo-neuromuscular implant to control a dexterous hand prosthesis. In a pioneering
surgery, titanium implants were placed in the two forearm bones (radius and ulnar), from which
electrodes to nerves and muscles were extended to extract signals to control a robotic hand and to
provide tactile sensations. This makes it the first clinically viable, dexterous and sentient prosthetic
hand usable in real life. The breakthrough is part of the European project DeTOP.
The new implant technology was developed in Sweden by a team led by Dr. Max Ortiz Catalan at Integrum
AB – the company behind the first bone-anchored limb prosthesis using osseointegration – and Chalmers
University of Technology. This first-of-its-kind surgery, led by Prof. Rickard Brånemark and Dr. Paolo
Sassu, took place at Sahlgrenska University Hospital as part of a larger project funded by the European
Commission under Horizon 2020 called DeTOP (GA #687905) (video). The DeTOP project is coordinated
by Prof. Christian Cipriani at the Scuola Superiore Sant’Anna, and also includes Prensilia, the University
of Gothenburg, Lund University, University of Essex, CSEM SA, INAIL Prosthetic Center, Universitá Campus
Bio-Medico, and the Instituto Ortopedico Rizzoli.
Conventional prosthetic hands rely on electrodes placed over the skin to extract control signals from the
underlying stump muscles. These superficial electrodes deliver limited and unreliable signals that only
allow control of a couple of gross movements (opening and closing the hand). Richer and more reliable
information can be obtained by implanting electrodes in all remaining muscles in the stump instead.
Sixteen electrodes were implanted in this first patient in order to achieve more dexterous control of a
novel prosthetic hand developed in Italy by the Scuola Superiore Sant’Anna and Prensilia.
Current prosthetic hands have also limited sensory feedback. They do not provide tactile or kinesthetic
sensation, so the user can only rely on vision while using the prosthesis. Users cannot tell how strongly
an object is grasped, or even when contact has been made. By implanting electrodes in the nerves that
used to be connected to the lost biological sensors of the hand, researchers can electrically stimulate
these nerves in a similar manner as information conveyed by the biological hand. This results in the
patient perceiving sensations originating in the new prosthetic hand, as it is equipped with sensors that
drive the stimulation of the nerve to deliver such sensations.
One of the most important aspects of this work is that this is the first technology usable in daily life. This
means it is not limited to a research laboratory. The Swedish group – Integrum AB and Chalmers
University of Technology – has previously demonstrated that control of a sentient prosthesis in daily life
was possible in above-elbow amputees using similar technology (video). This was not possible in belowelbow amputees where there are two smaller bones rather than a single larger one as in the upper arm.
This posed several challenges on the development of the implant system. On the other hand, it also

presents an opportunity to achieve a more dexterous control of an artificial replacement. This is because
many more muscles are available to extract neural commands in below-elbow amputations.
Bones weaken if they are not used (loaded), as it commonly happens after amputation. The patient is
following a rehabilitation program to regain the strength in her forearm bones to be able to fully load the
prosthetic hand. In parallel, she is also relearning how to control her missing hand using virtual reality
(video), and in few weeks, she will be using a prosthetic hand with increasing function and sensations in
her daily life (video). Two more patients will be implanted with this new generation of prosthetic hands
in the upcoming months, in Italy and Sweden.
As part of the DeTOP consortium, CSEM developed a low-power integrated circuit which enables two key
functions: control of the prosthetic hand and collection of sensory feedback. The main challenge was to
develop an implantable circuit, therefore highly miniaturized and low energy, while still providing the
demanding processing performances required by the prosthetic application. Capitalizing on CSEM's
pioneering work in miniaturized low-power consumption electronics, the circuit is based on its icyflex2
processor and icyTRX radio transceiver. In addition, an optimized integrated analog front end was
developed for the sensor interface. The circuit supports a real-time communication protocol, also
designed by CSEM, which frees the control unit of cabling.
"The DeTOP project pushes boundaries by clinically implementing robotic, sensing and long-term
interfacing technologies and we are pleased to have been able to contribute core technology for this
next-generation digital health device which is destined to transform the lives of amputees around the
world," says Stéphane Emery, Head of System-on-Chip at CSEM.

First person with below-elbow amputation implanted with an
osseo-neuromuscular prosthesis. Electrodes implanted in
nerves and muscles are accessed via two titanium implants
that serve for skeletal attachment and communication
interface with the prosthesis. The prosthesis is virtual during
the recovery period after surgery to evaluate the interface.
Credits: Dr. Max Ortiz Catalan

Link to a CSEM video with similar technology:
\\nasne02\CSEM-Galleries\videos\TV-Channels\2018-RTS-ARTEweb_ENGLISH
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About Detop
This project is supported by the European Commission under the
Horizon 2020 Framework Programme for Research and Innovation
(LEIT-ICT-24-2015, GA #687905)
http://www.detop-project.eu/

About CSEM
CSEM—technologies that make the difference
CSEM, founded in 1984, is a Swiss research and development center (public-private partnership) specializing in microtechnology,
nanotechnology, microelectronics, system engineering, photovoltaics and communications technologies. Around 450 highly
qualified specialists from various scientific and technical disciplines work for CSEM in Neuchâtel, Zurich, Muttenz, Alpnach, and
Landquart.
Further information is available at www.csem.ch
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