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PROGRAMMABLE HYBRID FES SYSTEM
FOR RESTORATION OF PINCH MOTION
IN C5 QUADRIPLEGICS

Tsuyoshi TSUCHIY A*, Kazuhiko SASAKI**, and Kinya FUJITA*

*Tokyo University of Agriculture and Technology

** National Rehabilitation Center

A programmable hybrid FES system for
restoration of pinch motion disabled C5
quadriplegics has been developed. Because of
the paralysis of wrist motion as well as hand
motion in persons who have spinal cord
injury at the cervical fifth level, pinch orth-
osis can not be applied for these persons. In
the developed hybrid system, the FES system
was utilized for restoration of wrist motion.
The FES-generated wrist motion was conver-
ted to thumb and index finger motion by
using a pinch orthosis. The system consists of
magnetic distance sensors for the detection of
stimulation control motion, a two-channel
electrical stimulator, and a PIC16F877 mi-
croprocessor for system control and stimula-
tion pulse generation. The processor man-
ages the magnetic sensor monitoring through
a 10-bit analog-to-digital converter, genera-
tion of stimulating pulses, modulation of the
stimulation pulse width for stimulus strength
control, the state of the “stimulation mode,”
and monitoring of the switches for mode
control at 50-millisecond intervals. Use of a
microprocessor offers system flexibility
which enables modification of the system

function after implementation, and storage of
settings such as sensor threshold.

The developed system was evaluated in
able-bodied volunteers. The maximal pinch
force was measured under voluntary, volun-
tary with extended fingers, voluntary with
pinch orthosis, and hybrid FES conditions.
The average pinch force with hybrid FES
system was 1.5 kgf, which is about twenty
percent of the voluntary pinch with finger
extension in nine volunteers. It appears suffi-
cient for light activity for daily living, such
as writing and eating. The working efficiency
was also evaluated in an object moving task.
Six volunteers were required to move pens on
a desk from right to left, and each task time
was recorded. The stimulus increment/decre-
ment rate was varied and the working effi-
ciency was compared. The best performance
was obtained at the rate of 100 percent per
second. Under that condition, the average
task time for pinch and move was 4.0 seconds
and the release and move time was 2.7 sec-
onds. Clinical evaluation and further devel-
opment for extension of the applicable sub-
ject remain to be done.



