Functional Electrical Stimulation, Prostheses, and Brain-Computer Interfaces
for Restoring Motor and Sensory Functions
Past, Present and Future funding directions from an NSF Perspective
Functional Electrical Stimulation (FES) endeavors to restore the lost functions of the nervous system by means of
electrical stimulation. It is a multidisciplinary field at the interface of neuroscience, engineering, rehabilitation and
physical therapy. The most developed applications of FES are pacing of the heart and cochlear neuroprostheses
for restoration of hearing, but additional clinical applications include respiratory pacing of the diaphragm, the
rehabilitation and restoration of locomotion and hand functions, and the restoration of bladder and bowel
functions. Currently, FES for restoration of the lost locomotor functions is a rapidly developing area that is on the
verge of broadening its acceptance among therapists. Evidence for this is the increasing number of various
neuroprosthetic devices, some of which are already beyond the prototype stage, that have been developed
recently. Existing FES treatments combined with conventional occupational and physical therapy still remain the
most promising approach in rehabilitation of spinal cord injury patients and stroke patients. An overview of the
FES applications will be presented to show that a number of fundamental scientific problems have to be solved
before a degree of effectiveness and penetration in the common medical practice is achieved for locomotion
neuroprostheses. A summary of the major clinical and fundamental directions of research needed for further
improvement of FES will be discussed.
Finally, several initiatives by the National Science Foundation, which will provide funding opportunities to
researchers in the area of FES and Rehabilitation Engineering, will be discussed. The National Robotic Initiative,
for example, started about three years ago and is seeking innovative robotics research and applications
emphasizing the realization of robots acting in direct support of and in collaboration with human partners. Several
projects have already been funded which deal with exoskeletons, prosthesis, and augmenting human perception.
The existing Cognitive Engineering program is concerned with improving understanding of the brain and nervous
system to enable the engineering of novel systems and machines. Examples include devices that augment the
senses and intelligent machines that analyze and adapt. During a recent NSF workshop regarding the Grand
Challenges in Mapping the Human Brain, several potential areas of research have been highlighted that go beyond
the scope of the existing Cognitive Engineering program, which will be discussed.
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