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(D Development of effective extraction of neural information and bidirectional restoration of

sensorimotor function

We, Osaka Univ., in collaboration with NINS and NICT, performed the recordings and analyses of
electrocorticograms (ECoGs) under unconstrained, long-term and high sampling rate condition. We
extracted neural information regarding oscillation and phase from ECoG data recorded for more
than 200 days in 27 patients with subdural electrodes, and demonstrated by using clustering
analyses that neural features for decoding diffusely and widely distributed. Swallowing movement
induced high frequency activity in the lateral sensorimotor area. We also demonstrated, in
collaboration between Osaka Univ. and NINS, that artificial somatic sensation was induced by
electrical stimulation, and that subjective sensation and stimulus intensity were linearly correlated.
In collaboration between Osaka Univ. and NICT, we confirmed, by animal experiments based on
chronic implantation, that high density cortical electrodes were able to record stably even one year
after the implantation.

In order to develop the restoration of upper extremities motor function, NINS performed
experiments using additional 2 animals, and demonstrated that DecNES is effective to restore
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voluntary hand movement in the animals of the brain infarction model with sensorimotor deficits
@ Development of neural decoding and intelligent autonomous robotic control, and their hybrid
integration

We, Osaka Univ., in collaboration with the university of Electro-Communications and Tokyo
Institute of technology, integrated classification decoding of hand movement with 3 dimensional
decoding of arm trajectory, and this decoding method of the whole upper limbs was integrated with
intelligent autonomous robotic control. We also planned a robot manipulation task that is used to
evaluate this hybrid system, developed a method that can train the decoder even in completely
paralyzed patients. These task and method were adopted in the clinical research of our implantable
BMI. We also developed a postural change system using our environmental control system in
collaboration with Kansaku Gr from the University of Electro-Communications.

The University of Electro-Communications further improved their robotic arm. In order to
improve the stability of grip, they installed a passive mechanism into finger joints. They also
introduced unlimited rotation type ball chain traction system, enabled robotic hands to pinch three
times as powerful as they were, improved kinematic adaptability and increased the range of MP
joint motion. They also increased the range of fingers and wrist joint motion. They developed
conductive silicon force sensors and installed touch sensation into the robotic arms. Regarding the
development of intelligent robotic arms, they installed automatic recognition of gripping targets
suing visual sensors and the selection of gripping posture and automatic planning algorithm of arm
trajectory and introduced them in Osaka Univ. They also revised their environmental control system
for clinical research in Osaka Univ.
® Non-invasive evaluation of brain function and neurofeedback by MEG

We, Osaka Univ, investigated a preoperative biomarker by using MEG in 6 patients with ALS
and demonstrated that a and B desynchronization during attempt movement is useful. We also
established interactive robotic arm control with sensory feedback by somatic and visual sensations
using magnitudes of the magnetic fields as a decoding feature. We published a paper about this and
developed a preoperative training method by using this control system.

Kansaku Gr from the University of Electro-Communications demonstrated improved BMI
performance after training in patients with cervical spinal cord injury and improved muscular
activity after exercise regimen assisted by a BMI arm in patients with stroke.

@ Development of clinical models of 128ch wireless implantable devices

We, Osaka Univ,, in collaboration with NICT, improved implantable devices. We evaluated their
performance and confirmed that input referred noise was less than 3puVpp. We evaluated the
performance of electrodes in animal experiments and succeeded in manipulating a robot arm. We
also developed wireless implantable devices for clinical research, carried out GLP tests, started long-
term implantation in animal experiments, and confirmed that there were no safety issues.

NICT, in collaboration with Osaka Univ., evaluated durability by bench tests and animal
experiments, evaluated temperature increase, confirmed wireless data transfer, and so on. The
increase of skin temperature around the implanted device was less than 1°C and the devises were

able to wirelessly transmit data equivalent to 128ch electrocorticograms.



® Selection of candidates of clinical research and design of indication and endpoints

We, Osaka Univ, designed inclusion and exclusion criteria and endpoints of BMI clinical research
using wireless implantable devices. We added an item that the subscore of the frontal assessment
battery was no less than 4 points. We set the safety of wireless implantable devices and the decoding
accuracy of brain signals as endopints. We also assessed clinical symptoms, cognitive function, and
communication ability in 38 ALS patients under mechanical ventilation and selected 11 patients as
research candidates. We also investigated the effects of preoperative neurofeedback training using
NIRS.
® Comprehensive promotion of the projects

As a base of research and development of BMIs, we, Osaka Univ.,, established Endowed Research

Department of Clinical Neuroengineering in Osaka University Global Center for Medical
Engineering and Informatics in April/2017 and reinforced overall promotion systems of this program.
We submitted to Osaka University Hospital clinical research of BMI using wireless implantable
devices in March/2017. We set an endpoint to explore the efficacy in clinical research protocol in
order to develop innovative BMI research. We further reinforced collaboration with medical
companies and promoted PMDA pharmaceutical strategy. We also held a steering committee twice
and a technological committee 15 times. We also interacted with the world most advanced BMI

research groups such as Brown Univ,, Harvard Univ., and so on.
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