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The Rehabilitation Engineering Society of North America (RESNA) is an organization concerned with
the exploitation of science and technology in the rehabilitative process. Its membership includes
rehabilitation professionals (drawn from all pertinent disciplines), providers, and consumers. A goal
of the organization is to promote interaction between these groups so they can better understand and
serve the needs of those who can benefit directly from the application of rehabilitation engineering
technology.

This volume represents an excellent cross section of the results of rehabilitation research during
the past year. Its interdisciplinary character epitomizes the philcsophy of RESNA; that is, that reha-
bilitation engineering is a team approach that requires the skills of many professionals--physicians,
engineers, therapists, nurses, to name a few--as well as consumers, without whose input the advancement
of rehabilitation technology would be severely curtailed.

This year's theme, The Promise of Technology, was demonstrated not only by the scientific papers
that comprise this book but also through instructional courses, advanced topic discussions, luncheon
seminars with experts, product demonstrations, student design projects, tours of rehabilitation facil-
ities, and an exhibition.

The editors thank all those who contributed so importantly to this publication.



Bruce R. Bowman, Sc.D.
Chairman
Scientific Papers

Keeping with the goals of RESNA, this year's authors of scientific papers
cover a diversity of professions reporting on a diversity of topics. A total
of 152 papers were accepted covering 16 subject areas. Authors represent 25

states as well as Canada, England, Yugoslavia, Sweden, and Japan.

fluch of the success in soliciting the large number and high quality of
papers submitted this year was due to efforts of the 15 Session Chairpersons.
Each Session Chairperson, an expert in their field, accepted the responsibility
of personally encouraging leading colleagues in their area of research to sub-
mit papers to RESNA. The Session Chairpersons were responsible for setting up
panels of experts to review papers submitted to their session to insure that
papers accepted were of high standards of excellence. Each chairperson put
a great deal of time, effort and pride into developing their session and
offered many valuable suggestions regarding organization of the scientific

papers.

3 would like to thank the Session Chairpersons for their much-needed con-
tributions. I also would like to thank the Organizing Committee, particularly
Conference Co-chairperson Donald McNeal, and the RESNA office for all their
valuable assistance, and commend this year's authors for their excellent work

and interest in participating in RESNA.
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SHOULDER EXERCISE INCENTIVE SYSTEM

Ronald F. Gaines, MD, David Dungan, Gordon Hosoda, BS, LuAnn Piccard, BSME,
Peter W. Axelson, MSME, Melva S. E. Chang, BSEE.

Spinal Cord Injury Center & Rehabilitation Research and Development Center
Palo Alto Veterans Administration Medical Center

ABSTRACT

A shoulder driven control for commercially
available video games is described. I 1%
designed to provide an incentive for therapeutic
exercise of shoulder girdle muscles during re-
habilitation in quadriplegia. Clinical exper-
ience with the system is discussed from the
perspective of teaching a person to use the
remaining voluntary shoulder muscles for balance
and trunk positioning as well as arm placement.

INTRODUCTION

During the early phases of physical rehab-
ilitation, a quadriplegic patient must learn to
use limited remaining voluntary muscular re-
sources to perform as many skills as possible.
Shoulder girdle muscles, which can exert forces
in a wide range of directions, are necessary for
trunk balance as well as arm positioning in
quadriplegia. Trunk movement ability is of
special importance because it is the only inde-
pendent voluntary mechanism for adjusting seat-
ing pressures in this group of patients. Never-
theless, the focus of shoulder exercise during
rehabilitation is improving the arm positioning
function.

At our center, exercise of the shoulder
girdle muscles is incorporated into mat activi-
ties and whole arm conditioning exercise for the
achievement of self care skills. Since no spe-
cific exercise is directed at the balance and
trunk positioning function of the shoulder gir-
dle muscles, we have developed a shoulder driven
video game controller to serve as an incentive
for recently injured quadriplegic patients to
work on this during rehabilitation.

Figure 1. Quadriplegic
using the system.

BACKGROUND

Maintaining interest in therapeutic exer-
cise is an essential role for therapists, whose
very presence provides an incentive to work.
For infants and children, play is central to
most therapeutic exercise routines. Although
older patients can make exercise an end in it-
self, it is easier if it is fun. Exercise
incentives provided by electronically mediated
tasks with video displays have been used to
encourage stroke and head injury patients(1-3),
in whom visual-motor integrative function itself
may be impaired(4). In this study we introduced
a modified game controller which specifically
requires use of the shoulder girdle muscles for
game play. In this report, we describe clinical
experience with the exercise system which con-
sists of a shoulder harness to which the con-
troller attaches and the video game.

MATERIALS AND METHODS

The first step was to design and build a
rough prototype to see whether the trunk posi-
tioning exercise characterized by protraction,
retraction and elevation of the scapula was
suitable for driving a video game, and whether
these movements in quadriplegics would result in
noticeable shifts of body position. Next, an
advanced prototype controller was designed and
built. The specific design objectives included
quick set-up, a stable connection between the
top of a user’s shoulder and the control itself,
and reproducibility with inexpensive parts. We
wished to have a reasonably flexible design so
that the control could be used to exercise other

joint movements later.
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SHOULDER EXERCI SE | NCENTI VE SYSTEM

The mechanical design of the controller
circuit permts independent registration of
movements with 2 degrees of freedom up and down

and forward and backwar d. The movements drive
slide potentiometers whose positions may be read
by the el ectronics. Adj ust abl e conparator cir-

cuits permt changing the distance a user must
nove before the movement results in the sinula-
tion of the Atari (TM) joystick. An adapted
reset switch permts independent use by a quad-
riplegic after initial set -up. The second pro-
totype systemis pictured in use in figure 1.

Wth the completion of the second proto-
type, a clinical trial was initiated. Six pa-
tients used the games while numbers of repeti-
tions of the necessary novements were counted
game scores and time playing were al so recorded

A third nmechanical prototype has also been
compl eted which gives a smoother functioning
system for further investigation. It is de-
signed for use with a monitoring system in
parallel with the video game so that objective
data on the movement itself may be recorded
automatically

RESULTS

Observations of the initial experience with
the first prototype demonstrated inprovement of
skills with each bout of exercise. In addition
users endurance with the system increased. Ave-
rage game scores at each consecutive session for
the two patients who used the initial prototype
most are illustrated in figure 2. These users
and the others, reported appreciation of the
skills we were trying to encourage. The need for
easy set -up was recognized, and addressed in
further devel opment.

In the second clinical trial, we observed a

nearly log- linear relationship between the Space
Invaders(TM) game scores and the numbers of
repetitions of forward /backward movenents. We

observed that the up and down nmovenents did not
match so well since some players constantly kept
the control in the up position which corresponds
to the firing button on the Atari (TM) control

600

GAME
SCORE

GAME SESSION
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Several able - bodied volunteers played the
shoul der control game while sitting in a wheel-
chair barograph(5). This device records rel a-
tive seating pressures with a visual display.
The barograph seating surface is not cushioned
and is used for asensory patients only for
teaching purposes. As expected, playing the
game resulted in observable shifts of weight.

DI SCUSSI ON

This study illustrates the role of directed
exercise incentives during therapeutic exercise
We chose the shoul der movement because of the
di fficulty our therapists encounter in teaching
the inmportant shoulder girdle controlled body
movement functions to recently injured quadri-
pl egics; other joints which may be used without
maj or changes in the mechanical system include
wrist, fingers and hip. Other adaptations would
be necessary to make the system work for exer-
cise of any other joints. The success we had
with the shoul der game was sufficient to intro-
duce the systeminto our regular rehabilitation
t her apy.

The use of off - the -shelf video ganes for
incentive, as conpared with the standard video
tasks described by others, provides a degree of
fam liarity to the patient. However, the
mechani cal design for this systemis not as
integrally related to the electronically me-
di ated task as m ght be in the other systens.
The separation of game objective from exercise
objective is seen as a factor in increased
incentive

The recreational incentive to a poorly
defined exercise is paramount, and served as the
stimulus for this project. As expected, the

observed response of the rehabilitation patients
emphasi zes the potential for use of a system
such as ours for a other exercises for able -
bodi ed as well as disabled persons

Our further work includes refinement of the
control and attachment of a nmonitoring system
These will be described in the presentation

Figure 2. Two users'
scores using the first

prototype system



