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Development and Integration of an Orthotic Hybrid Fes System for Paralyzed Upper Limbs
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upper limb paralysis ; orthosis ; hybrid functional electrical stimulation,assistive technology ; neuroprosthesis
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Patients with upper-limb paralysis who lost their hand functions cannot independently perform activities of daily life (ADL), such as
eating, drinking, brushing teeth, writing, etc. Being unable to perform these activities independently, their quality of life is much
decreased and it may increase the loading to their families both economically and psychologically. Therefore, under strong demand
of these patients, we plan to develop an assistive devise which would restore their upper-limb functions with the hybrid functional
electrical stimulation (FES). Nowadays, there are many applications of neuroprosthesis (NP) developed, e.g. FreeHand system
(USA) and HandMaster (Israel), and they mainly focus on hand function restoration. However, they don 5t put much emphasis on the
control of elbow and shoulder joints. Due to weakness of the proximal part of upper limbs, patients cannot control their shoulders
and elbows well, let alone ADL. To solve this problem and to extend the application, we would like to utilize the NP technique with
adequate orthosis to develop an orthotic hybrid FES system to restore upper-limb (including shoulder, elbow and wrist joints)
functions. To achieve this objective, many tasks need to be performed. Fortunately, we have well performed the projects for restoring
hand functions of patients with upper limb paralysis. Three main hand functions (cup grasp, key pinch and 3-jaw prehension) can be
performed by using the self-developed FES system in previous studies. Due to weakness of the proximal part of upper limbs, the
FES system for hand motion alone is inadequate to perform activity of daily living. We plan to further extend its application to
restore wrist, elbow and shoulder functions as well. We also plan to further develop an orthosis for supporting and guiding paralyzed
upper limb motion and for easy doffing and donning, so that the orthotic hybrid FES system will be practically useful. It is expected
to be a three-year project. 1. In the first year, we will adapt the previous research experience in FES hand functions to study the wrist,
elbow and shoulder functions. The extension of experience includes (a) to extend hand motion analysis and muscle profiling to
wrists, elbows and shoulders (b) to establish the electrical stimulation parameters and stimulation patterns for motion of wrists,
elbows and shoulders (c) to design and develop an input device and command controller. (d) to develop an orthosis model and sensor
system for adapting the FES system. 2. In the second year, we will combine our previous achievement and develop a orthotic hybrid
FES system for upper-limb paralysis patients. The work on this stage will focus on the using upper-limb orthosis to smooth the
upper-limb functions, that means the shoulder or elbow joint can be well controlled by the patients. 3. In the third year, the work will
focus on the integrating and minimizing all the subsystems and upgrading the performance of the hybrid FES system. Setting
measurement and evaluation protocols to refine the orthotic hybrid system will also be performed.



