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Che 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 philosophy
of RESNA; that is, that rehabilitation 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.

Chis year's theme, Technology--A Bridge to Independence, is embodied not only in
the scientific program that comprises these proceedings, but also throughout the instruc-
tional courses, exhibition and product demonstrations, and student design projects.
Emphasis has been placed on the application of technology to encouraging presentation of
clinical as well as research papers and posters. This year an audiovisual program was
initiated which stimulated submissions of more than twenty quality presentations; the
majority of which address clinical issues. Poster presentations have also become a forum
for presentation at the RESNA conference. Twenty-one poster presentations were accepted
and the papers are included in these proceedings.

Once again, we were fortunate enough to have a most enthusiastic and dedicated
planning committee. In particular, we acknowledge the leadership of Cliff Brubaker, Ph.D.,
chairman of the committee that resulted in this record of our annual conference. We are
also most indebted to the authors that submitted the guality material, and to our editorial
and office staff that prepared this publication.

Graditionally, our annual conference proceedings embodies the most comprehensive
and current statement on the state-of-the-art in rehabilitation technology. We believe
this 1985 edition of the RESNA conference proceedings is also an outstanding contribution
to this fine RESNA tradition.
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Clifford Brubaker, Ph.D.
Chair, Papers, Posters,
Audiovisual and Special
Interest Group Program

Jerhaps Memphis and 1985 will be remembered as the place and year of more
positive additions to the RESNA conference program. Several noteworthy developments
are included for the 1985 Conference. Authors were given the option of presenting
papers at "Scientific" or "Clinical" sessions. While the logistics of scheduling
made it necessary to combine papers in a few instances, the clinical papers are
identified in the program with a (C) to aid conference attendees in their session
selections. Self-contained audiovisual presentations are now an option for authors.
These presentations are scheduled on a rotating basis during the conference and the

abstracts of the audiovisual presentations have been added to these proceedings.

Yrobably the most significant new undertaking is the prospective formation
of Special Interest Groups or SIGs, as they have come to be known among the conference

committee.

dt is difficult to prejudge the overall quality of contributions, but I will
predict that the papers, posters, and audiovisual presentations accepted for the 1985
conference will be better on the whole as a result of more rigorous review standards

adopted by the conference committee.

The tasks of organizing, reviewing, and scheduling the papers, posters, and
audiovisual program fell on several sets of shoulders. I am indebted to the twelve
chairpersons who organized their respective content areas and conducted the review
process. They have also accepted the associated responsibility of chairing the
Special Interest Groups. I would particularly like to express my gratitude to Sam
McFarland for his work in the development of the program and scheduling, Olunwa
Nwaobi for developing the audiovisual program, and Douglas Hobson for guidance and
timely advice. It is obvious to anyone who has participated in a program of this
nature that organization and preparation of the proceedings is best done by the
professional staff. I would like to thank Patricia Horner and Susan Leone of the

RESNA office for their efforts in compiling these proceedings.
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A MODEL OF COMPUTER AIDED WORK SUPERVISION

FOR PERSONS WITH SEVERE LEARNING HANDICAPS

Robert A. Chubon
University of South Carolina

ABSTRACT

Available technology provides a means of
replacing human intensive training and
supervision required by persons having
severe learning handicaps with a more
economically viable computer aided model.

A model system is described for supervising
a parts sorting work task. Ethical issues
and caveats are discussed.

BACKGROUND

Persons with disabilities resulting in
severe learning limitations constitute one
of the largest handicapped populations. In-
cluded are persons who are classified as
being mentally retarded, as well as those
with cognitive disabilities due to head
injury, stroke, etc. Persons with condi-
tions resulting in significant learning
limitations pose an especially difficult
challenge to rehabilitationists attempting
to find a place in the work force for them.
The Tearning limitations militate against
the cost-effective acquisition of knowledge
and skills essential to employment. "Cost-
effective" is emphasized because it has
been demonstrated that with intensive,
structured training and supervision, many
of these persons can acquire the skills
necessary to perform relatively complex
work tasks (1, 2).

However, a dilemma lies in the fact that

the intensive training and supervision
necessary for such accomplishments are
usually considered too costly for wide-
spread acceptance in the regular work place
when compared to that required by nonhandi-
capped workers. Consequently, implementa-
tion of this programming has been largely
restricted to sheltered, subsidized
settings, such as workshops. Thus, there

is need for a more efficient model of

worker training and supervision for use with
the severely learning handicapped population.
Available technology may hold the key to
resolving this dilemma. Technology can be
used to reduce the human training/supervision
requirement by replacing it with a more
economically viable computer aided super-
vision system.

MODEL

A model of computer aided supervision has
already evolved in the information processing
business. In these systems, the word or
other information processing programs have
incorporated into them a monitoring algorithm
which provides supervisory personnel with
error rate, work speed and other productivity

RESNA 8th ANNUAL CONFERENCE

indicators. These computer activities are

quite elementary and analogues are widespread.
They can be found in most computer based pro-
grammed instruction and games. What is being
proposed here is an extension of such a computer
based monitoring system to accomodate the need
of persons with severe learning handicaps,
thereby enabling them to function more effec-
tively in the work place.

To reiterate, all components of this system are
currently available. They are used in computer
based instruction, games, environmental
monitoring and control systems, and robotics.
These components can be integrated into work
task instruction and monitoring systems which
have the capability of performing many of the
supervisory functions which are now human
intensive and therefore, extremely costly. For
example, a computer work task instructional
system can be configured to provide repeated
step by step prompting to the worker. The in-
struction can be presented in concrete forms
utilizing computer graphics or videotape
recordings of task sequences. These visual
instructions can be augmented with aural,
synthesized speech and video displayed text
when warranted. Since the computer is tire-
less, if necessary, such step by step instruc-
tion can be provided on a continuous basis. In
this very basic form, immediate utility is
apparent for persons with brain dysfunction
rendering them unable to commit new information
to longterm memory.

A more elaborate and widely applicable system

is feasable, however. An expanded system can
include actual work task monitoring which is
similar in principle to that used in information
processing activities. If data from work task
performance is input into a computer, several
computer controlled activities become possible.
First, the effectiveness of instructional/
prompting activities can be enhanced by enabling
the computer to provide reinforcement following
successful task completion. Reinforcement can
take the form of video displays, such as are
utilized in video games and programmed instruc-
tion, verbal praise and encouragement via
synthesized speech, or even tokens through the
utilization of a computer controlled dispenser.
Additionaly, systems can be configured to pro-
vide corrective instructions when errors occur,
pace work speed according to error rate,
determine slowdown and other deterioration in
performance, and schedule rest periods or Summon
a human supervisor to evaluate the problem.
Conceptually this model is as straightforward

as computer based arcade type games which
-monitor task performance consisting of game
paddle or joystick manipulation. Certainly,
there are technical problems in attempting to
monitor task performance on more complex work
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Computer Aided Supervision

activities. However, this is far from an
impossible situation. The same technology
which is used in automobile engine monitoring
systems and enables robotic systems to de-
tect and respond to environmental change can
be utilized in monitoring work activities
involving assembly, disassembly, sorting,
etc.

The workings of a model system are depicted

in the following example which is designed
around a parts sorting task. The specific

job is to sort bolts and nuts from quantities
of other small parts and to put them in
separate containers. The system components
consist of an Apple Ile class computer, color
monitor, interactive videotape player system,
speech synthesizer, headset through which

the aural messages are given to the worker, a
supervisor alert device, e.g., a flashing
1ight over the work station, a token dispenser,
and a work task monitoring system. The latter
is comprised of an electronic digital scale on
which the miscellaneous parts container rests,
and a bank of ports into which the sorted
parts are to be placed. The three ports,
which are for the bolts, nuts, and other parts,
have computer activated covers, and internal
switches which are tripped when parts fall
through them. A1l are interfaced with the
computer.

When the system is activated, a synthesized
speech greeting is issued to the worker

through the headset and the instruction/prompt-
ing sequence begins in the form of aural and
video displayed messages, for example, "take a
part from the container." At that moment, a
timing sequence is started by the computer.

When a part is removed from the container, the
change in weight detected by the scale is in-
put into the computer, which stops the timing
sequence and files the amount of time which
elapsed. If a part is not removed by the time

a preset parameter has been reached, a reprompt
is issued. If several successive reprompts are
issued and no response by the worker has
occurred, the supervisor alert system 1is
activated. After a part has been removed from
the container, the computer then determines the
kind of part selected by calculating its weight,
that is, subtracting the new container weight
from the old and comparing it with a programmed
weight 1ist. Once the nature of the part is
determined, a second sequence is started. Aural
and visual instruction is given to the worker to
place the part in the appropriate port, e.g.,
"now put the bolt in the blue container." The
appropriate container 1id is activated/opened on
computer issued command and interval timing
begins. Again, reprompting may occur if
necessary, and when the part falls through the
port, the timing is stopped, and a praise
message, "good," is issued to the worker. The
whole cycle then repeats. Other program
elements enable the prompting sequence to be
speeded up to an optimal level, and to alert the
supervisor when performance begins to deteri-
orate. Additionally, the system can be
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configured to alert the supervisor when errors
occur, for example, if two parts are removed
from the container without the first being
placed in the appropriate port. Also, when a
predetermined number of successful sorts is
attained, the computer causes the dispenser to
emit a token and a video display of accumulat-
ing tokens is presented together with an
enhanced praise routine. Upon termination of
the activities, the accumulated performance in-
formation is analyzed by the computer and a
report is generated.

IMPLICATIONS

What has been presented is a currently feasible
model of computer aided supervision which can be
configured to meet the needs of persons with
varied types of cognitive impairment. Uliti-
zation of such a system can help to enhance the
productivity of workers with these problems. In
the optimal situation, it may be possible to
enhance performance to the extent that these
workers can function and compete in the regular
work place. Should that not be attainable,
utilization of the system may enable more
severely handicapped persons to function in
sheltered settings or it may enhance the
efficiency of the sheltered workshop, resulting
in the need for less subsidization. The factor
which makes this system a viable alternative to
human intensive supervision is that the core is
the typical personal computer available at in-
creasingly nominal cost. The primary challenge
is development of task monitoring systems.

Perhaps the greater issue at this time is the
fact that such systems have obvious potential
for abuse. Basically, the worst possible
scenerio presents a picture of dehumanization
and exploitation. An extensively controlled
work environment immediately precipitates
"“Orwellian" pictures of mind control and workers
reduced to zombie-like parts of a production line.
This is not a farfetched notion in that such a
system can be configured to provide aversive
conditioning, as well as positive reinforcement
to shape behavior.

Moveover, if utilized under the most benign
circumstances, there is need for concern.
Specifically, at this point in time, the psy-
chological effects of functioning in such a
controlled environment are unknown. What might
be the effects of interacting so intensively
with a controlling machine for eight hour days,
five out of seven days a week? How might the
social skills of this population be affected the
situation? Obviously, these and other related
issues must be satisfactorily addressed before
aggressive advocacy of this model is initiated.
Already, with this sort of close monitoring,
e.g., in the information processing area,
philosophical, "big brother" issues are being
raised by workers. On the other hand, successful
utilization of the system holds the potential to
enable a sizeable handicapped population to
attain greater economic self-sufficiency, as well
as enhanced dignity and self-esteem which derive
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from being a productive member of the community.

On a macro level, the system has potential to
reduce the financial burden borne by society to
maintain less productive citizens at an accept-
able level. The potential benefits of
successful development and implementation of
computer aided supervison to enhance the
productivity of persons with severe learning
handicapps warrant serious pursuit, but careful
consideration must be given to these moral/
ethical and other issues to insure that the
technology does not harm those individuals

whom it is intended to help.
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1.2 DEVELOPMENT OF A MOBILE FACILITY TO PROVIDE ACCESS

FOR RURAL SUBJECTS TO AN EVALUATION SYSTEM

Leah M. Ross, Leonard L. Anderson and Janis G. Krohe

Cerebral Palsy Research Foundation of Kansas, inc.

ABSTRACT urban centers, all Tocated in the eastern half of
the state. It was deemed useful, therefore, to
Apparatus for the administration of the Available investigate the feasibility of rendering the AMI
Motions Inventory, an evaluation of physical capa- evaluation accessible to persons living in areas
city, was installed in a van. The feasibility of remote to Wichita. This was to be achieved by in-
achieving an installation which would allow for stalling the apparatus in a van in such a manner
the comfort of the evaluation subject and the that the evaluation could be administered in the
evaluator as well as to provide adequate protec- vehicle.
tion for the apparatus in transit was investigated.
A satisfactory ststem was designed and fabricated. Target Population
When the installation was complete, a primary pur- Three general classes of subjects were considered
pose was carried out, that of comparing the cir- as having a high potential of benefitting from the
cumstance in which the evaluation apparatus was mobile evaluation format:
transported to the subject's home or agency to the 1. Subjects requiring the support of medical
circumstance in which the subject would be trans- personnel or equipment.
ported to the urban center where the evaluation 2. Several subjects residing and/or participa-
was typically administered. The mobile format was ting in a day program at a single location.
determined to be economically feasible only when 3. Subjects whose potential for altered pro-
more than one subject was evaluated at one loca- gramming was marginal.
tion. Pragmatic feasibility was established for 4, Subjects for whom transportation to the
young or severely disabled adult subjects for whom urban evaluation site was not readily
transportation was not readily available. available.
INTRODUCTION MOBILE EQUIPMENT
The Available Motions Inventory was developed by Vehicle
the research staff at the College of Engineering, The van which was acquired for this project has a
Wichita State University, in 1972. Extensive modi- large cargo box, 7 feet by 7 feet by 14 feet long,
fication and refinement have been carried out by Figure 1. This space allows for a room-like en-
the Rehabilitation Engineering Center at Wichita vironment in which to administer the evaluation.
under the joint sponsorship of the Cerebral Palsy A heavy duty 1ift was installed which provides ac-
Research Foundation of Kansas, inc. and the Col- cess for wheelchair bound individuals, Figure 2.
lege of Engineering at Wichita State University. Insulation was installed between the outer shell
The primary purpose of the Available Motions In- and the inner wooden liner. An air conditioner/
ventory, AMI, is to document the physical capaci- heater unit was mounted on the roof. It has been
ties possessed by a physically impaired person, proven possible to utilize the vehicle when temp-
hence the term "Inventory". The analysis of the eratures are as low as 359 outside.

AMI originally focused upon the application of the
identified abilities to perform work in an indus-
trial setting. Refinement of the analysis system
allows for the abstraction of the repertoire of
physical mini-tasks so that it can be applied to
alternate settings, such as white collar occupa-
tions, activities of daily Tiving and educational
environments.

The Rehabilitation Engineering Center at Wichita
has utilized the data realized from the Available
Motions Inventory to bracket given individuals'
occupational potential as well as to analyze the
alterations which would be required to render a
particular worksite operable by a particular dis-
abled worker. Information derived from the admin-
istration of the AMI has been utilized to place
disabled persons in sheltered, semi-sheltered and
mainstream settings.

BACKGROUND

Need

More than three hundred disabled persons have

been evaluated at the Wichita site. Many have Figure 1
traveled/been brought to Wichita at great cost.

Kansas is a primarily rural state, having three Mobile AMI Van
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Figure 2
Lift Acess to Mobile Van

Florescent lighting was installed. Power for the
vehicle is provided by two 110 volt circuits.
They are connected by heavy power cords at the
evaluation site. A non-intrusive decor was crea-
ted to further enhance the room-like atmosphere.
The carpeting is heavy duty, low napped, to allow
a wheelchair to roll readily on it.

Figure 3

Equipment Storage
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Figure 4

Instrument Console

Evaluation Apparatus

The frame for the evaluation modules was attached
to the wall of the van. A motor-driven mechanism
was provided to adjust the height to the specifica-
tions of the individual subjects. Storage cabinets
were custom designed to secure the eguipment in
transit, Figure 3. A single console was designed
to house the instrumentation required for the eval-
uation, Figure 4,

METHOD

Equipment Evaluation

On site check-out of the system was carried out by
evaluating able bodied subjects. An initial trip
was undertaken to verify the stability of the test
equipment. Three disabled subjects, two of whom
were wheelchair bound, were evaluated. The van
equipment and the evaluation apparatus functioned
as required for successful administration of the
evaluation procedure.

Subject Identification

Nomination of potential subjects were solicited
from internal and external agency contacts of the
Cerebral Palsy Research Foundation of Kansas, inc.
Twenty-five subjects in all were evaluated utiliz-
ing the mobile format in a remote Tocation. Nine
were contacted through other projects of the Re-
habilitation Engineering Center. They were sub-
jects from public school classrooms and a co-
operative activity with a Projects With Industry,
PWI, agency. Eleven subjects were proposed by the
SPARK project, Special Population Activities for
Rural Kansans. This agency serves a large rural
area in which physically disabled persons are very
sparsely distributed. Specialized programs are not
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readily available in such areas. SPARK was in-
strumental in making contacts with three shel-
tered workshops and a large consolidated special
education cooperative. All four of these agen-
cies' programs are ones in which clients or
students are gathered in to a program at a central
location.

RESULTS

0f the twenty-five subjects evaluated, only one
was evaluated singly. Ideal numbers of subjects
at a single location were two, who could be evalu-
ated in a single day; and four or more, optimizing
the per diem spent for trips of more than one day.
Six additional observations were performed on sub-
jects deemed too severely impaired to perform the
AMI. The purpose of such observations was to
bracket the potential performance possibilities.

DISCUSSION

Small economic advantage was realized from utili-
zation of the mobile format with this group of
subjects. The primary advantage realized from
this investigation is to render the AMI evalua-
tion accessible to persons who could benefit from
its use. Over half of the subjects (14/25) did
not appear to have the potential to travel to the
urban location where the evaluation is usually
administered. Deterring factors were personal
economics and low expectation of altered program-
ming as a result of performing the evaluation.
Over one third (9/25) of the subjects were identi-
fied as having the potential of enhanced occupa-
tion if work site adaptations were carried out.
Should the agencies decide to have such altera-
tions performed, the AMI data would provide the
basis for such modifications. An additional bene-
fit realized from the interaction with subjects
and professionals in these remote areas was to
establish liasons with resources for highly spe-
cialized theaapies not readily available in

rural areas.

CONCLUSIONS

There appears to be merit in rendering rehabilita-
tion evaluations and therapies mobile in order to
serve disabled persons in rural areas in a more
equitable manner. This appears to be consistent
with the principle of equal access to strategies
and services designed to alleviate the penalties
imposed by disability.
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USE OF A SMALL ROBOTIC ARM IN THE WORKPLACE

1.3

BY A SEVERELY PHYSICALLY DISABLED INDIVIDUAL

Leonard L Anderson, M.S.E.M.

Cerebral Palsy Research Foundation of Kansas, Inc.
Rehabilitation Engineering Center

ABSTRACT

The Rehabilitation Engineering Center in Wichita,
Kansas, has, as its emphasis, research in the area
of finding means to place severely physically dis-
abled persons in the workplace through the use of
technology. A project to investigate the use of
small robotic arms to assist the disabled at work
has been underway for two years at the time of this
writing. One work station at Center Industries
Corporation has been identified as having good po-
tential for the use of such a robotic device and
is being manned by a young man who has cerebral
palsy. This work station and the results of the
use of the robotic arm are presented.

INTRODUCTION

The Rehabilitation Engineering Center (R.E.C.) in
Wichita is federally funded by the Natjonal Insti-
tute of Handicapped Research and is also under the
sponsaorship of the Cerebral Palsy Research Founda-
tion of Kansas, Inc. One of the 13 research pro-
jects that the R.E.C. is currently investigating
is evaluating the use of small robotic arms in aid-
ing the severely physically disabled in the work-
place. Center Industries Corporation in Wichita
is a company which employs disabled persons in the
"real world" environment of non-sheltered employ-
ment. A contract which Center Industries is cur-
rently fulfilling is that of doing pre-solder tin-
ning of electrical component leads for the Boeing
Company. It is on this 1ine that a work station
was chosen to first try such a robotic device.

METHODS

The robotic device in question is of the type that
maintains a base position but has all of the mo-
tions that the human arm is capable of performing.
Figure I portrays an artist's conception of the
degrees of motion of a robotic arm. To the "hand"
of the device shown in Figure 1 must be added an
"end effector" or "gripper" to facilitate the hand-
ling of parts or materials.

The particular robotic arm that was chosen and pur-
chased for this project is the "Teachmover" which
is offered by Microbot, Inc.l The robot, along
with the work station can be seen in Figure 2.

This particular device was chosen because of its
high degree of accuracy and repeatability and low
cost ($2,600),

The tasks of the job chosen are: 1. Picking up the
part; 2. Immersing the wire lead of the part in a
liquid flux; 3. Immersing the wire lead of the part
in molten solder to within 1/32 inch of the body of
the part; 4. Reversing ends of the part and repeat-
ing the process. This operation is usually done by
hand as shown in Figures 3 and 4,

The robot is programmed to progress through the re-
quired tasks of the job by manually operating the
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FIGURE 1: ROBOTIC ARM

FIGURE 2: WORK STATION

"arm" and "hand" using a teaching pendant as shown
in Figure 5. The microprocessor which is contained
in the base of the robot "remembers" the various
steps in the cycle and then repeats the cycle when
instructed by a single key activation on the teach
pendant. The disabled worker in this case is able
to start and stop the robot cycle by pushing the
single keys required to do so.
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The worker is needed at the work station to perform
the task of indexing parts between cycles so that
the robot has the same position from which to pick
the next part, and, to visually inspect the solder
coating on the wire leads to insure quality.

Figure 2 shows the worker sliding a single part on
a slightly elevated platform to a slot in the plat-
form. Below the slot is a slide chute at the bot-
tom of which is the holding fixture or indexing
device from which the robot picks the part. Figure
6 shows the holding fixture at the end of the slide
chute.

The robot, after picking the part, then moves to
immerse the wire lead of the part in the flux (Fig-
ure 7) and then to the molten solder which is con-
tained in an electrically heated pot (Figure 8).
After immersion in the solder of the first wire
lead the robot then places the part in a second
holding fixture for the purpose of turning the part
end-for-end. This is necessary because the depth
of the immersion is held to a close tolerance and
the robot indexes the depth by locating from one
end of the body of the part at a time. See Figure
9, The robot deposits the part in a solution of
alcohol and the lead person in the shop recovers
the parts periodically to pass on to shipping.

FIGURE 3: IMMERSION IN FLUX BY HAND

FIGURE 4: IMMERSION IN SOLDER BY HAND
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DISCUSSION

It has been determined that use of such a robotic
arm has enabled this worker to produce at a rate
similar to his able-bodied peers with equal, or
better, quality. Some problems have been encount-
ered, however. The particular robot chosen oper-
ates with "stepping motor" technology. If the arm
of the robot is "bumped" the drive motors will
"skip" some steps thus causing the cycle to be dis-
rupted and the robot must be reprogrammed before
going on. Also, this particular robot has had
periods of erratic movement thouaht to be caused
by the microprocessor somehow "sensing" some elec-
trical transients from the electrically heated
solder pot as its power is controlled on and off
by a thermostat. Electrical shielding is being
investigated and it is anticipated that this prob-
lem will be solved shortly.

CONCLUSIONS

Observation of this particular worker using the ro-
botic arm to perform the tasks of this particular
work station has assured the investigator that
small robotic arms indeed have a significant place
in the vocational placement of severely physically
disabled workers.

FIGURE 6: HOLDING FIXTURE (INDEXING DEVICE)

MEMPHIS, TENNESSEE 1985



SMALL ROBOTIC ARM IN THE WORKPLACE

ACKNOWLEDGEMENTS

The author wishes to acknowledge the National Inst-
itute of Handicapped Research and the Rehabilita-
tion Engineering Center in Wichita for support of
this research activity.

FOOTNOTES

1. Microbot, Inc., 453-H Ravendale Drive
Mountainview, California 94043

Leonard L. Anderson

Director of Engineering

Rehabilitation Engineerina Center
Cerebral Palsy Research Foundation of KS
2021 N. 01d Manor

Wichita, Kansas 67208

(316) 688-1888

FIGURE 7: IMMERSION IN FLUX BY ROBOT

FIGURE 9:
HOLDING FIXTURE FOR TURNING PART END-FOR-END
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1.4

ROBOTS IN LONGTERM HEALTH CARE

K.G. Engelhardt, Roger Awad-Edwards
Rehabilitation R&D Center
Palo Alto VA Medical Center

ABSTRACT

An interdisciplinary team was selected to participate in an inves-
tigation of robots in a longterm care facility. The research took
place in the VA Menlo Park Nursing Home Care Unit. The
objectives were three-fold. First, we wanted to identify tasks
that were amenable to augmentation or replacement by robotic
technology. Second, we wanted to survey the attitudes of the ad-
ministration and staff toward computers and robots. Third, we
wanted to see if our training techniques for the VA/SU Robotic
Aid could be used successfully by older users and to see how
their time to completion scores compared to younger users.

BACKGROUND

A recent business journal article stated, For a health care in-
dustry looking to cut costs while retaining high margins, robots
represent a new and practicel technology that allows the automa-
tion of processes that simply could not be automated previously
and that could provide a competitive edge for forward-looking
companies. 119

Health care expenditures in this nation account for 10.5%
of the Gross National Product. They were approximately $350
billion in 1983. !5] These costs have been rising relentlessly
each year —up from 4.5% in 1950. It is instructive to note that,
at present, approximately 50% (39-60% depending on hospital
type) of most hospital’s expenditures are labor related [1 with
about one-half of that sum going to nursing costs. Robots as
aids to nursing staff have cost-cutting potential. Leifer states
that robots, at an estimated $6.00 per hour, could reduce the
cost of attendant care which now has a net cost of as much as
$15.00 per hour.®)From the public’s perspective, this is a rel-
evant policy issue. This year about $40 billion dollars will be
paid to hospitals for medicare-about 38% of hospitals’ overall
income.[®]

Two trends, (a)the push toward more in-home care for rel-
atively sicker patients, and (b)the entry into longterm care fa-
cilities by older, increasingly more frail persons, offer unique
opportunities for the development of new approaches for using
robotic technology. The workload on the caregivers, in homes
and in institutional settings, will become increasingly demand-
ing. There will be more need for devices that can serve, lift,
transfer, ambulate, remind, fetch, carry, monitor, amuse, and
communicate. Considerable savings can be effected by integrat-
ing as many functions as possible into one operational unit— in
short, a robot.

People will be discharged from the hospital sooner and,
therefore, may require more care at home/4!; The advent of these
sicker patients at home has produced a growing home health
care market. Home health services for private patients collected
$4.2 billion in 1981, the last year for which figures are available,
according to market researchers Frost & Sullivan Inc. Insurers
peid $2.8 billion of this sum.!?] This market is also being spurred
on by those insurance carriers who are demonstrating the cost-
effectiveness of home health care. Aetna Life & Casuality cal-
culated a net savings of $40,761 per month if a baby born with
breathing and feeding problems is treated at home rather than in
an acute care hosptial. Likewise, home health care also yielded
& savings of $9,931 per month for a quadriplegic spinal cord in-
jured patient.!?] Home- and community-based care is the fastest
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growing component of our health care system. Prospects are
equally bright for manufacturers and distributors of health-care
products geared toward ambulatory or home-bound patients.[12]

The second major trend is that people are living longer with
disabilities and therefore, require more health care in general.
Persons over the age of 85 constitute the fastest growing sub-
group of our U.S. population. Skilled Nursing Facilities total
revenues, for 1981, topped $24 billion. This growth (in the over
age 85 citizens) will increase the need for institutionalization,
but the patient profile will change as age-debilitated individuals,
requiring more intense levels of care, become the majority of the
residents of longterm care institutions. Longterm care is one
of the most ‘troubled and troublesome’ segments of the health
care market. This is a fertile area for creative problem solving.
Both in-home and institutional settings are open to innovative
solutions to reduce costs and improve quality of care. These
two trends in health service delivery can help us begin to define
specific areas of need in which robotic technology can be used
to address a wide range of potential applications. U. S. health
care delivery may, for our purposes, be viewed as a continuum
of health care service areas [¥ in which robot technology might
be utilized to varying extents.

PHASE 1: TASK IDENTIFICATION
METHODOLOGY

An applications research team was formed to find areas in which
robot technology would fulfill a need. Observations were carried
out in the Veterans Administration Nursing Home Care Unit
(NHCU) in Menlo Park, California. The team was composed
of an interdisciplinary group of fifteen individuals with 25 years
collective experience using the VA/SU robot. The team was
composed of the following members:

K.G. Engelhardt, AB, BA, SNF/Robot Study Director,
Evaluation Supervisor, RR&D; Roger Awad-Edwards, MS,
SNF /Robot Study Coordinator, Health Services Researcher at
RR&D; Paul Haber, MD, Regional Coordinator on Aging, Vet-
eran Administration; Machiel Van der Loos, Ing., SNF /Robot
Study Head Engineer, Mechanical Engineer at RR&D; Dwight
Wilson, MS, Nurse Supervisor, VA Nursing Home Care Unit,
Menlo Park; Margo Apostolos, Ph.D candidate, Stanford Uni-
versity, Education; Gayle Curtis, MS, Systems Engineer at
RR&D; Merry Lee Eilers, MA candidate, Stanford Univer-
sity, Medical Anthropology; Vicki Ellis, MS, Nurse Gerontol-
ogist,VA Nursing Home Care Unit, Menlo Park; Karen Hol-
loway, BS, Design Engineer, RR&D; Brodie Lockard, MA,
Interactive Educational Technology Consultant, RR&D; Nick
Pruneda, SCI veteran, RR&D; Walter Vogel, MD, retired
internist, volunteer, RR&D; Wayne Young, retired produc-
tion engineer, volunteer, RR&D; Eleanor Zielski, PHN, VA
Nursing Home Care Unit, Menlo Park;

During phase 1 researchers were paired with individuals of
dissimilar backgrounds (for instance, an engineer with an an-
thropologist) to silently observe activity in the NHCU during
various shifts over a one week period. Pairs were rotated and
time of day for observation was varied. Researchers were in-
structed not to interact with staff but to become familiar with
the skilled nursing facility environment and to look for areas of
need that robotic technology might address.
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In the second round of observatons, during the second week
of the study, researchers were permitted to discuss their obser-
vations with staff. NHCU Staff also contributed their ideas for
applications of robot technology during the two staff orienta-
tions.

RESULTS
In the area of robot applications, our team was able to identify
twelve major categories with fifty-four sub-groups. The major
categories for these tasks are shown below.

Potential Robot Tasks:

transfer-lift-transport

housekeeping

ambulation

physical therapy

depuddler (urine cleaner)

surveillance

physician assistant

nurse assistant

patient assistant

mental stimulation

PHASE 2: ATTITUDINAL ASSESSMENT
METHODOLOGY

The second stage of our research examined, by questionnaire,
attitudes of staff and administration in the Veterans Adminis-
tration NHCU.

The questionnaire for the attitudinal assessment includes
questions from studies conducted by our research team as well as

by Sanford Dornbusch, Ph.D., Stanford University and by Iseli
Krause, Ph.D., Syracuse University. It contained 111 questions
of different types: Likert-style, open-ended, and dichotomous
(yes/no), and semantic differential. It was administered to the
NHCU staff as part of our standardized orientation.

RESULTS

Of our 22 respondents, 3 were male and 19 were female. Their
average age was 45 years. Sixteen had nursing related staff ti-
tles and the remaining six had other health and human service
professional staff titles. Highlights of their responses include:
e None use a computer at work.
o 95% agreed with the statement, Computers have made living
easter.
e 86% agreed with the statement, A robot could be useful in
my job.
e 96% agreed with the statement, Robots have many beneficial
applications.
e 100% agreed with the statement, Robots can be used to serve
people.

The results of our research indicate a very positive response
to computer/robot technology. In general, all respondents de-
scribed robots as positive, valuable, and useful. The Clinical
group were very enthusiastic toward human service applications
of robotic technology. Informal surveying and interviews with

the patients who participated indicated unexpectedly positive
responses.

PHASE 3: FEASIBILITY
METHODOLOGY
The methodology for demonstrating the feasibility of robots in a

nursing home followed the Interactive Evaluation Model already
implemented at RR&D. (®117] Standardized training procedures
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were utilized to ensure that NHCU patients and staff could
demonstrate comparable proficiency in the use of the VA/SU
robotics aid. Our training approach employs an adult-learning
theoretical framework, known as andragogy. Andragogy is based
on the concepts of self-directedness, learning readiness, immedi-
ate applicability, and problem-centered learning tasks.

RESULTS

Two in-patient residents and two staff members (a nurse su-
pervisor and a social worker) were trained on the VA /SU robotic
aid. The two patients were male, ages 62, and 90; the nurse su-
pervisor was male, age 35; and the social worker was female age
39. Each successfully completed at least two sessions with the
robot. All users were able to complete our first standardized
training task (picking up a cup-with straw- and giving them-
selves a drink) within one standard deviation of our mean task
completion time of two minutes, (Subsequent to our study, two
more patients were trained: male, age 61 and female, age 87.)

For the first time in history, the study established the fea-
sibility of successfully training older persons, in a longterm care
facility, to use a robotic aid.

FUTURE

Potential robot task areas exist in nearly all health care
institutions. We can now begin to prioritize the task categories
and develop methods for examining robot diffusion at any point
along the health care continuum and identify (1)human needs,
(2)tasks and task sets, and (3)task and robot characteristics
for each environment or setting. This potential robot task list
can be generalized to a wide range of health and human service
settings.

Potential Health Care Settings:
emergency

hosptial

skilled nursing facility

intermediate care facility
domiciliary

residential

in-home

ambulatory (outpatient)

Our work will continue to examine robotic technology as it
evolves and the role it can play in human independence. We an-
ticipate a continuing move toward the merging of industrial and
personal robot technology. We expect voice control and sensor
technology advances to play pivotal roles in future widespread
applications of robotic technology.

We have demonstrated the feasibility of using robotic tech-
nology to serve severely disabled and older people. The Veterans
Administration is continuing its vanguard role in researching the
utility and potential marketability of robotic assistants as the
technology's capabilities expand.

CONCLUSION

The blending of medical expertise and engineering know-
how, combined with interactive evaluation throughout the prod-
uct’s life-cycle and industrial interests, could result in assistive
robots that have the potential for improving the quality of life
and increasing the independence of long term care patients. The
time has come to bring our older citizens into our technological
society of the 1980’s. The challenges to the sociotechnologi-
cal system are enormous. Innovative designs which transcend
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age and ability constraints, and applications of state-of-the-art
technology to humans of widely diverse ages holds the promise
of helping us create a forgiving environment in which all humans
can thrive.
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DEVICE TO FURTHER INDEPENDENT LIVING

Anne W, Leung
Winfield R. Matsler

ABSTRACT

The Independence Lift is a device which allows
either a weak paraplegia, a quadriplegia with
little motor skills, or a person otherwlse re-
quiring an attendent to 1ift himself or herself
out of a chair and into a bed, or out of a bed
and into a chair.

Construction materials consisted of two aluminum
poles with feet and wooden bases as stands, a
steel black pipe that spans between both poles,
and a section of aluminum I-beam which was attach-
ed to a steel black pipe. For horizontal movement,
a trolley was a fixed to the I-beam and is oper-
ated manmually. Connected to the trolley is a elec-
trical motor for vertical movement. Under the
holst are two straps, one for the shoulders and
the other for the legs.

There have been both psychological and health
benefits as a result of this system. Furthermore,
it can be expanded for more uses in the home and
institutions.

INTRODUCTION

The Independence Lift was developed for a transi-
tory student who is a quadriplegia with scme
motor £kills in his arms. In the past he has re-
quired an assistant to 1ift him in and out of bed
onto hls wheelchair,

Although there are a limited number of 1ifts on
the market for use in the private sector, none
have been found adequate for his use. Furthermore,
these 1ifts may have been employed by the client,
but they are not adaptable to his present housing
situation, and the harnesses were totally inade-
quate.

This paper will further discuss the client's
background, the materials and methods used in
construction, results of the product, and a dis-
cussion on further expansion of the system.

BACKGROUND

This project was undertaken for a fellow student
at Southern Illinois University who was in a div-
ing accident. As a result of this accldent he was
rendered a quadriplegia, w#ith full strength of the
neck, 5 1bs. 1ifting power in the right blcep and
10 1bs. in the left bicep.

He has made the decision to live alone in his
strive for independence. An attendent 1s, how-
ever required twice a day to 1ift him in and out
of bed., This has been both a psychological and
financlal strain. Having the attendent for such
a linited time poses the problems of relieving
pressure sores, getting out of bed in emergency
situations and taking naps at will.
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Although there are 1ifts for this purpose on the
market, identification of one the suits his needs
has not been made.

MATERTALS AND METHODS

After the initial design was completed the pur-
chase of the necessary materials was required with
limited personal funds. With the basic design in
mind materials were sought from various salvage
yaxds.

Two 2% I.D. aluminum volly-ball posts, with three
prong feet, a 4'x4"x4" aluminum I-beam and a 13"x
9° steel black pipe were found that were adequate
for the super structure.

The I-beam was U-bolted to the steel black pipe,
and attached to the posts forming the basis frame.
In order to stabilize the structure, the feet were
bolted to wooden bases. A trolley was suspended
from the I-beam which would enable the client to
move horizontally. A manual hoist was attached to
the trolley, as opposed to an electric hoist be-
cause it is considerably less expensive and would
enable the client to build strength in his biceps.

Early developmental stage
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DEVICE TO FURTHER INDEPENDENT LIVING

Winfleld R. Matsler designer of the Indepencence
Lift. Early developmental stage photo taken in
the Design Department at Southern Illinois
University at Carbondale.

Existing sheets from bathing holsts were utilized
but proved inadequate for the client has not the
ability to balance himself, and would actually
roll within the sheets. This harness was also cum-
bersome for he had to sit on them constantly,

and also when in use they restricted his arm move-
ment rendering him incapable of operating the
1ift. Therefore, the next task was to design a
harness that would solve these problems. The so-
lution consisted of using two straps padded with
egg crate foam employed as the harness. Cne to
support his legs the other his shoulders. The
shoulder strap is a loop that he can slip over

his head and under his arms. One end of the leg
strap i1s connected to the hoist, and needs to be
manuvered under his legs and connected to the hook
on the hoist.

The harness had one drawback in this application
in that when suspended for more than twenty min-
utes, which was the amount of time required to
manipulate the manual hoist, the client®s blood
circulation was restricted.

In this case there was no alternative but to pur-
chase an electric motor, that would reduce the
time of suspension. A rechargeable 12 volt D.C.
motor which only requires two minutes, and would
remain in service during power fallures was
chosen.

Once suspended he slides horizontally by mamually
pushing off of the wheelchair and grabbing onto
the sheets of the bed.
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RESULTS /DISCUSSION

The Independence Lift is not a generic solution,
but it is adaptable. If a client has the ability
to use a manual holst it should be employed as to
help build upper-body strength and would also be
more cost efficient. The trolley, if necessary,
could also be motorized.

Psychologically he experiences a higher degree
of confidence and self-sufficiency. As a result
of this heightened sense of self-esteem, the
client has found the initiative to pursue other
goals toward total independence.

The client 1s now capable of transporting himself
in and out of bed, enabling him to relieve pres-
sure scores, nap at will, and gain a higher level
of mobility in the event of emergency situations.

Federal and state agencies and other non-profit
organizations could possibly implement the sys-
tem, resulting in lower costs of subsidizing
health care. Furthermore, it may have various
uses in hospitals and rehabilitation facilitles.

CONCLUSION

The Independence Lift has proven sucessful for
the client which it was specifically designed for.
It has helped in furthering his independence and
also has psychological and health benefits.

The end product was the result of assessing in-
adequacies in existing 1ifts, and a practical and
economical design.

The structure’'s simple, resourceful design will
result in long life use with basic maintenence.
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AUTOMOBILE DESIGN FOR PHYSICALLY DISABLED AND ABLE-BODIED POPULATIONS

Mark Falanga, Jung-Hua Chang, Mikael Bickstrom
People's Design
Graduate Department of Industrial Design
University of TIllinois at Urbana-Champaign, U.S.A.

ABSTRACT

Archival, interview and experimental research
have concluded that an automobile system suited
for the independent driving of both able-bodied
and physically disabled populations will be
acceptable by both. An automobile design that
will satisfy the independent driving needs of
both able-bodied and physically disabled
populations can be mass produced in quantity

to satisfy high consumer demand. The result
will be an automobile design that is more
affordable to the physically disabled than
existing "disabled persons' automobiles.

This paper and accompanying graphic material
describe the research based design of an
affordable mass producable automobile which
can be entered and operated by both physically
disabled and able-bodied populations.

RESEARCH

Archival, interview and experimental research were
used to develop and vertify an acceptable concept
for the design of a transportation device which
will satisfy the independent driving needs of
special and able-bodied populations.

Developing a Design Concept. Archival and inter-
view research representing phase one of the
research process was used to formulate a concept
for the design of a vehicle for the independent
transportation of the physically disabled. The
following topics were explored in this phase of
the research: special populations and their
physical, psychological, demographic, and
financial characteristics; existing vehicles and
adaptations intended for use by special
populations; vehicle safety; federal vehicle
regulations; characteristics of able-bodied
populations; and human factors data for both
physically disabled and able-bodied populations.

These findings concluded that most attempts to
provide independent transportation for the
physically disabled have resulted in costly
vehicle alternatives that satisfy only a small
percentage of all those that are handicapped.

The physically disabled presently have two options
for independent transportation. One alternative
is to purchase a vehicle that has been specifi-
cally designed and manufactured to accomodate a
narrow segment of the physically disabled
population. Because these vehicles are intended
for only a small percentage of the physically
handicapped, their production runs are quite low
in number. As a result, these automobiles are
extremely expensive, thus reducing their avail-
ability to a very narrow segment of an already
small group of people.
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The second alternative for the physically dis-
abled is to "customize' a factory available
vehicle (designed for able-bodied populations)

by installing adaptive controls and modifications
to suit almost any physical limitation. Although
these modified vehicles are better able to meet
the needs of a diverse range of physically
disabled populations, such installations are
expensive and the final solution is always based
on a design intended for able-bodied populations.

Both alternatives are worthwhile attempts to
reduce the mobility limitations of handicapped
populations. Restrictive costs and unaccomoda-
ting vehicular design have prohibited many
physically disabled from experiencing the freedom
associated with independent transportation.

These conclusions led to a logical approach for an
automobile that will satisfy the independent
driving needs of physically disabled and able-
bodied populations. By devloping one vehicle
design which can be entered, exited, and con-
trolled by both populations, production quantity
will increase, thus decreasing consumer cost.

The final result will be an affordable, mass
producable automobile which will accomodate

almost all populations.

Verification of the Design Concept. Phase two
of this research was to determine the validity of
this concept. The question, "Will able bodied
populations purchase an automobile design which
would also be owned and operated by physically
disabled populations?" was answered with
experimental research.

Three surveys were used to manipulate the
significant variable of this experiment (able
bodied preference for vehicles that are and are
not associated with physically disabled popula-
tions). Survey one asked recipients which
vehicle they preferred, Vehicle A or B without
indication that either was intended for use by
the handicapped. This survey was used to
establish a control group to act as a basis for
comparison.

Survey two ldentified Vehicle A (Vehicle A and B
are the same as those in Survey one) as the
"handicapped" automobile. Able-bodied recipients
were then asked which of the two vehicles they
preferred.

Survey three identified Vehicle B as the "handi-
capped" vehicle, and then asked which of the two
vehicles were preferred (both Vehicles A and B
were the same vehicles as in surveys one and two).

The results of Survey one were to be compared with
the results of Surveys two and three to determine
if a vehicle that was identified as adaptable and
available to handicapped populations would be ac-
ceptable for ownership by the non-handicapped public
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Each survey was sent with an accompanying cover
letter describing the purpose of the study, and
an addressed and stamped return envelope. Each
of the three surveys was sent to a randomly
selected group of fifty people (one person in
each state) to obtain 150 total recipients.
geographic location was randomly selected in
each state. Surveys one, two and three were
sent to three separate people within that
location to eliminate some of the variables that
may have affected the study results.

One

The results of this research conclude that able
bodied populations are more likely to purchase an
automobile intended for both physically disabled
and able-bodied populations if able-bodied popu-
lations are aware of this flexible design feature,
if that automobile is comparable in price with
other similar vehicles and if the automobile meets
user needs and specifications. (See graphs 1-4 for
a more detailed explanation of these results.)

TOTAL RETURN

75%

100%

Graph 1. Total Return - of the 150 surveys sent,
75 were returned. Of the 75 returned, 287
returned Survey one (A or B); 317 returned

Survey two (identifying A as "handicapped
vehicle) and 317 returned Survey three (identify-
ing Vehicle B as handicapped vehicle).

AGE

50%

Graph 2. Age - Overall mean age was 41-50 years.
SEX
% 5% 50% 75% 100%
Graph 3. Sex.
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VEHICLE PREFERENCE
ALL RESPONDENTS

PREFER A

womn
@ : n
8 rancm ares

PREFER B

Graph 4. Vehicle Preference - 207% more respondents
preferred vehicle A after it was identified as a
"handicapped vehicle." 217 more respondents pre-
ferred Vehicle B after it was identified as a
handicapped vehicle. Conclusion: TIf a vehicle
accomodates both disabled and non-disabled, then
able-bodied populations are more likely to buy

it than one intended for use only by the able-
bodied.

Statement of Purpose

Public acceptance of this approach to vehicle
design demonstrates that design efforts are
justified. Our purpose is to develop an afford-
able automobile for the personal transportation
needs of a select group of physically disabled
and able-bodied populations.

Design Criteria

The design solution will satisfy the following
research based criteria:

*The following populations can enter, start, and
operate automobile: able-bodied, paraplegics,
triplegics, hemiplegics, quadriplegics,

amputees (one arm is needed), obese, short, tall,
and pregnant.

*Vehicle accomodates: 2 wheelchair bound and 3
non-wheelchair bound; or 3 wheelchair bound only;
or 5 non-wheelchair bound

+$11,000 consumer cost (1985 dollars)
*Maintenance accessible and easily maintained
*Accessible storage space

«Automobile can be entered and exited when parked
on street, lot or in a garage.

*Secure against vandalism and theft

*Safe

*Material selection reflects cost, weight,
durability and environmental considerations

*May or may not be identified as a disabled
persons vehicle

sClear visibility for driver and passengers.
*Vehicle styling is attractive.

Design Solution

The final solution illustrated and described
below is an automobile that can be entered and
operated by both able bodied and physically
disabled populations. In addition this
vehicle satisfies all of the above stated
design criteria.
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Figure 1. Perspective rendering. This drawing
describes overall vehicle form. Electronically
activated sliding door (on passenger side only)
accesses drop floor. This drop floor electron-
lcally raises to vehicle floor level and lowers
to street or curb level for wheelchair entrance
into or exit from automobile. Spring loaded

rear seats automatically fold back for wheelchair
mobility.

Figures 2 & 3. Side & Front View Rendering.
Windows facilitate clear visibility by all
passengers and driver. Window dimension conceals
wheelchair when viewed from ocutside.

Figure 4. Human Factors. Front, Top & Side

views show vehicle with 2 wheelchair bound and
3 non-wheelchair bound inside, OR wehicle will
accomodate 2 non-wheelchair bound in front and
3 non-wheelchair bound in rear OR 2 wheelchair
bound in front and 1 wheelchair bound in rear.
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BRAKING & ACCELERATING

Figure 5 & 6. Control System. Pivoting hand

control will enable driver to accurately manipu-
late steering, accelerator, brake, directionals,
horn and other controls with limited movement of
one hand. Steering hand pedal is pivoted forward
to brake (with finger), and back (with base of
hand) to accelerate. Steering is accomplished by
sliding hand control left and right along curved
dash by pivoting arm at shoulder and elbow. Flush
dash panel facilitates cleaning. Controls are
positioned on accelerator/brake so that one with
limited finger dexterity can accurately access any
control with base or side of hand while maintain-
ing full control over steering, braking and
acceleration. Control can be set for "zero
friction" or "increased friction" depending on
limitation of hand strength and movement.

Dash System.
allows user flexibility to select and position

Figure 7. Modular dash system
controls and accessories. Additional dash
components may be added, deleted or moved at any
time. Cover panel (screen) conceals dasl
components to reduce the likelihood of vandalism
when the vehicle is not in use.
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TRUNK MUSCLE DIMENSIONS USING ULTRASONIC SCANS: AN OBJECTIVE TOOL

FOR LOW BACK PAIN REKABILITATION AND BIOMECHANICS RESEARCH

M. H. Krag, L. G. Gilbertson, G. B. Johnson, M. H. Pope, K. B. Byrne

The Vermont Rehabilitation Engineering Center
The University of Vermont, Burlington, Vermont 05405

ABSTRACT

This paper presents the first wuse of
ultrasound, a safe, noninvasive technique, to
measure the dimensions of trunk muscles.
Transverse scans of both extensor and flexor
groups were taken at the L3 level. Sagittal
scans were performed on the extensor muscles
at several distances from the midline. Length,
width, and area were recorded for the follow-
ing muscles: rectus abdominis, external
oblique, internal oblique, transversus abdom-
inis, and oblique group. Depth of the erector
spinae was measured at levels L1 through L4.
Error of reproducibility of the scans and
measurement error of each dimension were eval-
uated. Clear delineation of each muscle group
was found. Several dimensions, including the
rectus abdominis length, the oblique group
width, and the erector spinae depth, had
acceptably small errors. Results suggest that
ultrasound may be a valuable tcol for evaluat-
ing changes in trunk muscle dimensions.

INTRODUCTION

An important aspect of low back pain
rehabilitation, etiology, and functional
impairment is the role of the muscles in trunk
biomechanics. Two important parameters are
muscle size and location relative to the joints
that they activate. Such structural information
has a variety of applications in understanding
trunk and spine biomechanics, as well as the
normal and abnormal function of the muscles
themselves.

However, because there is presently no good
means for obtaining muscle dimensiens in vivo,
research in this area has been hampered. Compu-
terized tomograms are accurate, but involve
significant irradiation. A few cadaver measure-

ments have been reported, but significant dis-
tortions probably occur during preparation of
the specimens. Correlation of these data with
measurements in  living subjects is not
available.

Indirect methods such as trunk strength or
EMG (electromyography) may possibly correlate
with muscle size. This has been reported for
other muscles (1). Such a study of the trunk
muscles is presently underway in our Tlab, but
this, of course, requires a methodology for
independent assessment of muscle dimensions in
order to allow the investigation of
correlations.

Ultrasonic scanning for medical diagnostic
purposes has developed tremendously in recent
years. In particular, "B mode" scanning to
define cross-sectional views has seen widespread
application. In the past, this has been used to
define dimensions of a variety of internal body
structures, for example the spinal canal (2),
but apparently not muscles.
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Reported here is the first application of
ultrasound to determine trunk muscle dimensions.

METHOD

Nine healthy male volunteers with no
history of 1low back disorders had cross-sec-
tional scans of the trunk extensor and flexor
muscles, using a Picker #80LDI wultrasonic
scanner with a 5 MHz transducer on short
internal focus (focal zone of 3-5 cm).

Transverse scans were performed of both
extensor and flexor groups (Figure 1) at the
level of the third 1lumbar vertebra. Also
performed were sagittal scans of the extensor
muscles at various distances (0.0, 1.0, 2.0,
3.0, 3.5 cm) from the midline. A set of dupli-
cate scans was taken 10-15 minutes later, with
the subject positioning and machine set-up
repeated.

Figure 1. Transverse scan of flexor and extensor
groups at L3

MUSCLE DIMENSIONS

Figure 2. Manual tracing of transverse scan of
flexor and extensor groups at L3
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TRUNK MUSCLE DIMENSIONS BY ULTRASOUND

The scans were then processed in three Tabile 1
steps. First, significant anatomical features
were manually traced from the transverse scans
of the trunk flexors (Figure 2) and the sagittal
scans of the extensors. Second, a local coordi-
nate system was established on the transverse VALUE COMBINED  RELATIVE

scan of the flexors. The construction lines 2 g
chosen were used because the scanner available DIMENSION ~ (cm or cm?) s ERROR (&4

Measurement Reproducibility

could not provide a large enough scan angle to

delineate the posterior margin of the abdominal RA Length 7.8 Ol 18
muscles. Third, various dimensions were meas- RA Width 1l 0.14 13.0
ured using a manually-controlled x-y digitizer 0.85 18.0
for the areas and a millimeter ruler for the e k] ’ :
lengths and widths, EO Width 3| 0.14 13.0
The length, width and area were measured 0.85 28.0
for the rectus abdominis (RA), external oblique _— " : =
(EO), (inter‘na] oblique (I0), tra(nsver'sus abdem- 10 Width 1.4 0.14 10.0
inis (TA), and obligue group (0G) at the L3 0.85 16.0
Tevel. The depth of the erector spinae (ES) was 10 Ar.-ea 2 i ’
measured on the sagittal scan at the L1 through TA Wiath 0.6 0.14 25.0
L4 levels. The scan 3.0 cm off midline was felt 0.85 37.0
to provide the best delineation of the deep L ATea - N :
surface of this muscle group. The transverse 0G Width 3.3 0.14 4.2
scan of the ES did not provide sufficiently 7 9.5
clear detail to be useful in this study. U5 G it Ll
To assess the reproducibility error with L1 Depth 5.9 0.32 5.4
this technique, scans were traced 10 separate 0.3 5.4
times. The fir,st tracing was digitized 10 times LE Digpst 2 Rt
and the mean and standard deviation calculated L3 Depth 5.9 0132 5.4
for each dimension (digitizer error). The other 0.32 5.8
nine tracings were digitized and the means and izt _5'_5 ’ .
standard deviations calculated for all 10 of the RA=rectus abdominis; EQO=external obhqgei 10=
initial digitizings (tracing error). The internal oblique; TA=transversus abdominis;
"combined error" (Table 1) was calculated as the 0G=oblique group.
square root of the sum of the squares of these
two standard deviations.
Table 2
RESULTS
Muscle Size
Clear delineation of each muscle group is
apparent. The mean and standard deviation for MEAN
the nine subjects for each muscle dimension are DIMENSION (cm or cm?) S.D.
shown in Table 1. Variation between individuals
is reflected in the relatively large standard
deviations for some of the dimensions. RA Length ik 0.8
The Error of Measurement reproducibility RA Width 1.4 0.6
("combined error" as defined above) is shown in RA A 7.0 2.3
Table 2, for a typical subject. Of note are the i d )
relatively small errors for certain dimensions, EO Width 0.8 0.3
such as rectus abdominis length, oblique group £0 A 3.9 § %
width, and erector spinae depth. In contrast, e : :
there are other dimensions, such as external 10 Width L.l 0.6
oblique area, transversus width and area that 10 Ares 6.2 0.8
have relative errors sufficiently large as to = : )
limit future usefulness, TA Width 0.3 0.3
DISCUSSION TA Area 2.3 U=8
x " p . : 0G Width Jul 0.6
n understanding of etiology, treatment and
rehabilitation of low back pain must take into 06 Area tat &
account the trunk muscles. Ultrasound scans, L1 Depth 5w 0.9
presented here for the first time for trunk , h g E 3.2
muscle measurement, allow noninvasive measure- Lz Dept : )
ment of muscle dimensions, and thus provide the L3 Depth 5.9 0.9
possibility for a series of future investiga-
tions using this methodology. L4 Depth i 2nd
1. Ultrasound scanning is a safe, noninvasive RA=rectus abdominis; EO=external oblique; ¥0=
technique which is capable of delineating internal oblique; TA=transversus abdominis;
trunk muscle cross-sectional outlines, 0G=oblique group.
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using routinely available clinical
scanners.

2. Measurement of length, width and area of
the abdominal trunk flexors, and depth of
the trunk extensors has been performed on
nine normal human subjects.

3% Inter-individual dimensional variation is
relatively large (Table 1) as expected.

4, Measurement reproducibility error s
acceptably small for certain important
dimensions (Table 2), especially erector
spinae depth, oblique group width and
rectus abdominis length.

5 Future research is needed to explore the
limits cf wusefulness of this measurement
tool. Current projects include correlation
to trunk strength, and influence of lumbar
corset wear on muscle size.

This research 1is supported in part by a grant
from the National Institute for Handicapped
Research and by Camp International, Inc.
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RELATIONSHIP BETWEEN SITTING POSTURES
AND LOW BACK PAIN

S. Reinecke, T. Bevins, G. Weisman, M. Krag, M. Pope
The Vermont Rehabilitation Engineering Center
The University of Vermont, Burlington, Vermont 05405

ABSTRACT

A preliminary study was undertaken to
determine the effects of various sitting pos-
tures on the low back. Sitting tolerance was
measured for eight different postures.
Because of its preliminary nature, this study
focused on postures that would be considered
extreme. Significant differences were found
in the lengths of time that various postures
were tolerated. Tolerance times for postures
involving various combinations of flexion,
lateral bending and rotation were much Tlower
than for the erect neutral position. The
Tength of time for which a posture can be
sustained decreases as the center of gravity
of the body is displaced further from the
neutral position. The most common complaint
during testing was low back pain. Further
research will attempt to establish 1imits on
how long a particular posture can be
maintained without being detrimental to the
low back.

INTRODUCTION

The relationship between manual 1ifting
tasks and Tow back pain (LBP) is well docu-
mented. The NIOSH Work Practices Guide for
Manual Lifting presents data, derived from a
combination of epidemiological, biomechanical,
and psychophysical research findings, which
?sgab1ish 1imits for two-handed 1ifting tasks

2l

It has been observed (4) that workers
sometimes suffer low back pain even when their
jobs require 1little or no lifting. Such workers
include drivers, CRT and computer operators,
typists, and others who are required to assume
static postures for long periods of time. No
limits have yet been reported in the literature
for static posture tolerances and 1little
information exists for dynamic postures, which
include varjous degrees of flexion, extension,
lateral bending, and axial rotation. This is in
contrast to the fairly extensive work regarding
load-1ifting Timits such as the NIOSH Work
Practices Guide for Manual Lifting (2).

The purpose of this preliminary study is to
document tolerance for various sitting pos-
tures during certain amounts of forward bend-
ing, lateral bending and axial rotation, as
measured by subjective assessments of pain. It
is hypothesized that posture is as important as
the weight of materials handled and that, even
in the absence of manual Tifting tasks, posture
is a significant risk factor for low back pain.
Subsequent research will be undertaken in order
to establish Timits for sitting and standing
postures in the workplace and to niake recommend-
ations regarding those postures which might
minimize risk for developing low back pain.
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MATERIALS AND METHODS

Twelve healthy subjects (6 male, 6 female)
with no history of low back pain participated in
the study. Subjects ranged in age from 19 to 35
years with a mean age of 22. Height ranged from
157 to 193 cm (mean 173 cm) and weight ranged
from 45.4 to 95.3 kg (mean 68.2). By random
assignment, each subject was tested in each of
the eight positions Tisted in Table 1.

Table 1
Eight Test Cenditions

(A) erect (N)

(B) 30° forward flexion (F)
(C) 20° lateral bending (L)
(D) 30° axial rotation (R)
(E) 30° F and 20° L

(F) 30° F and 30° R

(G) 20° L and 30° R

(H) 302 F, 207 L and 30° R.

Each subject was seated on a stool of adjustable
heicht, with no back rest, so that the lower leg
made a SG° angle with the thigh. The stool weas
bolted to a force plate in order to measure each
subject's center of gravity. Marks were placed
on the stool and force plate at the greater
trochanter and coccyx, and an outline of the
soles of the feet was drawn in order to position
the subject. Center of gravity was monitored

throughout the test by a force plate. Position
was assessed by measuring the degree to which
the trunk deviates from its position in the
erect sitiing position and was monitored by
tactile feedback clamps that did not restrain
the subject. These clamps, which simply
encompass the shoulder, were first set to a
predetermined position which allowed position-
ing of the subject within 30 seconds. A cali-
bration jig, which mimics the anatomical dimen-
sions of the subject, made it possible to preset
the clamps without using the subject as a model.

Electromyographic (EMG) recordings of the
erector spinae muscle activity were obtained
using two pair of surface electrodes. Each pair
was placed 3 cm from each side of the midline at
the L3-4 Tevel.

A Visual Analogue Scale (VAS) was used to
measure pain. The VAS, a form of cross-modality
matching, has been used extensively in the
measurement of pain intensity and has been
widely reported as both valid and reliable for
this purpose (3,5). The scale requires a
respondent to place a vertical mark on a 10-cm
horizontal line with labelled endpoints. In the
present study, the endpoints were labelled "No
Pain" and "Excruciating Pain."
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RESULTS

Time to Tolerance of Pain

Figure 1 shows the mean times and standard
deviations each of the eight postures was
tolerated.
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The average time a subject could remain in
a neutral sitting position (0° F, 0° L, 0° R)
was 67 (S.D. 22) minutes. This was the longest
time maintained in any of the eight positions
tested. While the neutral position was the most
tolerable, the least tolerable position was a
combination of F, L and R, with an average time
of 10 (S.D. 4) minutes. Subjects were better
able to. tolerate positions involving only one
deviation from the neutral position f;.g.,
either F or L or R), as opposed to those
involving a combination of such deviations.

Rotation was tolerated for an average of 40
{S.D. 17) minutes, compared to 28 (S.D. 15)
minutes for forward flexion and 26 (S.D. 11)
minutes for lateral bending.

There was considerable variability among
subjects in the length of time that they could
tolerate a seated posture, as demonstrated by
the high standard deviations. Also, males
tended to tolerate the various positions longer
than did females (Fig. 2).
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As shown in Table 2, the length of time
that the neutral position (N) was tolerated was
significantly longer than any of the other
postures. The most extreme posture, which
combines all three directions (FF, LB, R), was
tolerated significantly less than any posture
consisting of only one such direction.

Table 2
Probability Levels for Differences in Amount
of Time in Various Postures

N
.05 | F
NS 05 | L
.05 .05 .05 | R
.05 | Ns .05 .05 | FxL
NS .05 | Ns NS .05 | FxR
NS NS .05 | RS NS .05 | LxR
,4””’ NS NS NS .05 .05 .05 .05 | FxLxR
FxLxR | LxR | FxR | FxL R L F N

Center of Gravity

Figure 3 shows the mean shift in the center
of gravity for the various postures. As
expected, the center of gravity was displaced
most in forward flexion, followed by lateral
bending. Axial rotation exhibited the TJeast
shift in center of gravity. As the center of
gravity deviated further from the neutral
position, tolerance time decreased, as shown in
Figure 3-a.
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DISCUSSION

These findings indicate that tolerance for
seated posture varies with deviations from a
neutral erect position. The mean time of 67
minutes for the neutral position does not seem
to be very long when compared to the length of
time some workers have been observed working in
what are essentially static postures. These
workers include drivers, typists, VDT operators,
and microscopists. Although these workers are
free to move, unlike the experimental subjects,
they are often constrained to limited motion by
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various situational demand characteristics such
as field of view, control panels, etc. These
constraints further exacerbate the problem by
sometimes forcing the worker into other than
neutral postures.

CENTER OF CRAVITY WS.TIME =EATED

Ao 34
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While tolerance time changes with
deviations from a neutral posture and while a
position requiring three such deviations appears
most stressful, differences between postures
involving two deviations are not clear. Such
positions will be further explored in subsequent
research to determine relative Tlimits of
tolerance. These postures may be tolerated over
the short term, but may cause discomfort and low
back pain when assumed repeatedly or for long
duration during a normal work day.

Chaffin (1) and others have shown that the
further from the body a weight is 1lifted, the
more force is generated at the disks and the
more tension occurs in the lumbar muscles. A
similar phenomenon is seen here, in that the
more poorly tolerated postures are those in
which the center of gravity has shifted the
furthest from resting position.

Interpretation of the EMG data presented
some problem 1in that "noise" (high noise-to-
signal ratio) resulted from the low muscle
activity. However, 1in those instances where
clear readings were obtained, a frequency shift
was observed, suggesting a muscle fatigue
phenomenon (6).

Low back pain was the most prevalent
complaint of the subjects in all postures. This
supports the hypothesis that static postures can
cause Tow back pain. Although the specific
cause of the discomfort remains to be addressed,
back pain was reported to 1imit the tolerance of
subjects in the present study.

CONCLUSIONS

In spite of considerable inter-subject
variability, the present findings suggest that a
neutral position can be tolerated longer than
postures involving combinations of forward
flexion, lateral bending and rotation. As the
center of gravity moves further from the neutral
position, the time that a posture can be
sustained 1is reduced. Rotation which involves
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the smallest degree of deviation from the center
of gravity was found to be better tolerated than
either flexion or lateral bending.

Complaints of Tlow back pain were more
prevalent than either buttock pain or upper back
pain. Once a subject reported pain, it did not
appear to diminish, but rather remained constant
or increased. This was true for all 96 tests
performed.

While the present study constitutes a
preliminary investigation, results suggest a
relationship between certain static seated
postures and the onset of low back pain. The
amount of bending dinvolved in the studied
postures was fairly large and may be considered
extreme. Further studies will attempt to
determine the tolerance for Tless extreme
postures and ultimately to make recommendations
for limitations on postures required of workers.
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SOURCES OF VARIABILITY IN THE NORMAL

TRUNK MUSCLE EMG/FORCE RELATIONSHIP

I. A. F. Stokes, S. Rush,
M. Moffroid, L. D. Haugh and G. Johnson
The Vermont Rehabilitation Engineering Center
The University of Vermont, Burlington, Vermont 05405

ABSTRACT

The function of the lumbar spine extensor
muscles was studied by means of the Efficiency
of Electrical Activity (EEA) method, whereby
the slope of the EMG activity with respect to
isometric force during a graded pull is meas-
ured. Twenty-nine normal subjects were
studied to document 1) the variability with
repeated testing and 2) the possible relation-
ship between the EMG/force slope and physical
characteristics including age, girth, weight,
skinfold thickness, height and sex. The
EMG/force relationship was approximately
1inear, but many subjects had a distinct
breakpoint between two linear sections of the
graph. Increasing isometric  force was
associated with greater EMG values than the
decreasing force parts of the recordings.
There was trend toward decreasing EEA values
as tests were repeated. Some significant
correlatioris relating EEA slopes to physical
characteristics were found.

INTRODUCTION

A major part of the rehabilitation of many
musculoskeletal disorders consists of regimes
for the strengthening of muscles. Trunk muscle
exercises, in particular, are used in
rehabilitation for low back pain. It is not
clear (a) whether weak muscles predispose to low
back pain or its recurrence, (b) whether Tlow
back pain results in disuse atrophy of muscles,
or (c), whether strengthening of trunk muscles
speeds recovery or helps prevent recurrence (4).
Research in this area is hampered by the lack of
objective measures of trunk muscle performance.

BACKGROUND

The simplest measure of aggregate muscle
performance is the maximum force the subject can
exert under various constraints of speed,
position and duration. Subject motivation and
pain may contaminate these measures. To avoid
these potential problems, we have studied the
application of an alternative method, the
"Efficiency of Electrical Activity" (EEA) to
characterize trunk muscle performance. This
technique has been used previously to charac-
terize the ratio between the electromyogram
(EMG) signal derived from a muscle and the force
or moment it generates (1,2). It is especially
useful for muscles which have a near Tlinear
EMG/force relationship. Maximal force is not
required in the measure of EEA. The ratio of
EMG to muscle force increases 1in muscular
pathology (5) and decreases with regimented
exercise of normal muscle (6).

The work reported here was intended to
determine the viability of the EEA as a measure
of the integrity of the paraspinal muscles.
Prior work indicates that considerable intra-
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subject variability was to be expected. These
muscles do not always have a linear relationship
between EMG and force throughout their range of
force development. Linearity has been shown in
some muscles (1,3), but other muscles with more
heterogeneous fiber composition show two or more
Jinear components (7).  Cross-talk between
nearby muscles could also contribute tc nonlin-
earity. We have opted to measure the first
Tinear portion of the EMG/Force graph, since we
were most interested in the low force, pain free
range of force develupment. e studied both the
ascending and descending parts of the graphs.

MATERIALS AND METHODS

The experimental technique is illustrated
in Figure 1. Subjects stood against a fixture
which could provide a reaction force against the
thighs and anterior iliac spines while the
subjects exerted & steadily increasing effort
against a load cell in a cable which connected
the harness around the subject's upper trunk to
a fixed point in front of the subject. Five
Na/NaCl electrodes (a ground electrode over the
T-12 spinous process and two bipolar electrode
pairs) were attached to the subject's back. The
electrodes were 12.5 mm in diameter. ("In Vivo
Metric") with a 32 mm separation between the
centers. Skin preparation involved. gentle
abrasion with "In Vivo Metric" abrasive swabs.
The axis of each electrode pair was aligned irn a
vertical direction and was 30 mm from the
midline of the back at the level of the third
lumbar vertebra spinous process. FEach bipolar
electrode pair was connected to a differgntial
amplifier having an input impedance of 10% ohms
and a common mode vrejection ratio of 70
decibels. The transducer for force measurement
was of a strain gauge design and was calibrated
to within #1%. EMG and force signals were
recorded on a 'Teac R71' FM cassette tape
recorder during the test.

The amplified EMG signal was converted to a
DC value by means of an Analog Devices true RMS
to DC converter with integration provided by a
low-pass, first-order filter having a time
constant of 250 msec. These signals were then
sampled at the rate of 50 samples per second by
the analog to digital converter and the results
were stored on disks. Subsequently, graphs were
plotted after smoothing the X and Y coordinate
data by means of a 25-point (4 second) moving
average filter (Figure 2).

Our experience showed that the graphs were
either (a) linear, (b) bilinear (two straight-
line sections with a breakpoint), or (c)
generally curved (Figure 2). A boundary point
which corresponds with the breakpoint (D) was
defined for each type in order to specify the
range of the initial parts of the curves. It
was calculated for each curve by fitting a
fourth order polynomial to the region between
25% and 75% of maximum and corresponded to the
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point of maximum curvature (second derivative)
in that range.

Analysis of variance and multiple linear
regression techniques were used for analysis of
the data which consisted of parameters of the
EEA curves and anthropomorphic characteristics
of each subject (height, weight, age, sex, girth
and skinfold thickness at the electrode site).

Figure 1

METHOD OF ASSESSING MUSCLE EFFICIENCY

x-y recorder
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rms-DC converter
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Figure 2
Types of EEA Curves
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Subjects
Twenty-nine subjects were studied. These

were healthy volunteers with no history of back
pain. The 23 males and 6 females had a mean age
of 25 years (range 18 to 40), mean body mass of
70 Kg (range 49 to 91), mean skinfold thickness
of 15 mm (range 18-28), and mean height of 176
cm (range 158-198). Eight of the subjects (4
males, 4 females) also participated in a study
of intra-subject variability in which they
returned for testing five times over two weeks.
Each time a subject was tested, two trials were
recorded with about one minute recovery time
between pulls. The subjects paced each pull to
increase muscle force smoothly over ten seconds
and then to relax that force completely in ten
seconds. Maximal effort was not requested.

RESULTS

The form of the EEA graphs was classified
as linear in 14 cases, bilinear with a break-
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point in 11 cases and generally curved in 3
cases. The mean initial slope was 19.1 mV/kN
for the ascending part of the graph (force-
increasing) and 15.6 mV/kN for descending
(force-decreasing) parts of the graph. Thus,
the characteristics of the two parts of the
curves were different, producing a "hysteresis"
in the graph with increasing force associated
with greater EMG values than decreasing force.

There was substantial variation across
subjects in the EMG/force characteristics.
Using averages of two trials and both placements
(Teft and right) for each of the 29 subjects as
a summary figure, the coefficients of variation
{SD/Mean x 100) for the ascending and descending
slopes were 59% and 44% respectively. Variation
for maximal EMG/force and breakpoints in
force/EMG ranged similarly from 49% to 55%
across subjects.

There was weak correlation (r=.30) across
subjects between the EEA and either maximal EMG
or force, while the ascending and descending
EEAs correlated highly (r=.80) with each other.

The ascending or descending force slopes
were not significantly related to sex, height,
skinfold or age of the subjects, although weight
correlated somewhat with the ascending EEA
(r=-.36; p=.05) and with descending EEA (r=-.35;
p=.06). Girth correlated to a higher extent
with the ascending EEA (r=-.39; p=.04) and with
the descending EEA (r=-.45; p=.01). The maximal
force generated bore a significant relationship
jointly to the height (partial r=.43; p=.01) and
the sex (p=.06) of the subjects, with males
generating the larger forces, on average. The
maximal EMG generated was similarly related to
the subjects' height (r=.45; p=.01). The above
results were obtained by a multiple regression
analysis and backward elimination of insignifi-
cant variables.

Based on the 29 normal subjects tested, the
following results were also obtained:

1. There was no significant difference in
average values between the EEAs obtained in
the two trials on the same day, but the
average force was higher by 6% on the
second pull (p=.03).

2. There was no significant difference on
average between the EEAs or maximal EMG and
force for the Tleft and right electrode
placements.

3. The EMG/force characteristics are strongl
repeatable from trial to trial (same day
on the same person. The trial-to-trial
correlation coefficients for ascending and
descending EEAs with left and right place-
ments ranged from r=,77 to r=.86.

4, The correlation coefficients between left
and right EEAs on either of the two pulls
were less strongly correlated during the
force-increasing pulls (r=.71 and .79 for
the two pu]]s?, and substantially less
correlated during the force-release phase
(r=.18 and .35 for the two pulls).

An analysis of variance was performed for
the ascending and descending EEAs to assess the
relative variability due to subject-to-subject
differences (8 normal subjects), day-to-day
differences (5 days), left-to-right placement
differences, and trial-to-trial differences (two
trials per day). In terms of mean differences
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for the descending EEAs, the left-to-right
difference between placements was 11% of the
grand mean; trial-to-trial differences within a
day averaged nearly 0% of the grand mean. There
was a downward trend across the five test days
with a change (comparing the fifth day to the
average of the first two days) which was 25% of
the grand mean. The greatest source of varia-
tion was subject-to-subject differences in
average slope; the standard deviation among
these 8 subject averages was 43% of the grand
mean.

DISCUSSION

In this paper, we have sought to find the
intra-subject repeatability of the EMG/force
relationship in the trunk muscles of normal
subjects. Additionally, we have sought to find
those anthropomorphic measurements which will
explain part of the inter-subject variability.

As shown in Figure 2-b, some of the
recordings obtained in this study demonstrated a
clear breakpoint between two near-linear
sections of the EMG/force graph. A clear
breakpoint was found to be present in
approximately half of the subjects. It was
hypothesized that this breakpoint phenomenon
might be due to inherent nonlinearity of the
EMG/force relationship in  these muscles,
possibly because of an abrupt change in
recruitment and firing rate characteristics.
Alternatively, it is possible that this behavior
would result from a macroscopic phenomenon in
which additional muscles or regions of muscle
were recruited at the force level corresponding
to the breakpoint.

There was a consistent difference between
the force-increasing part of the recording (the
ascending curve) and the force-decreasing part
(the descending curve) with the descending part
of the curve showing a smaller amount of EMG
activity than the ascending part of the curve
for the same force in the Tload cell. As
expected, there was no statistically significant
difference on average between the activity on
the right and the left sides of the subjects. A
future aim is to determine whether this inherent
symmetry is also present in patients with low
back pain.

There was a tendency of the slope of the
EEA graph to decrease over time in the subjects
tested for repeatability. Since these studies
were performed over a period of approximately
two weeks, it appears unlikely that this change
was due to a real training effect of the mus-
cles. More likely it reflects subjects' greater
familiarity with the test, resulting in their
relaxation and a consequent reduction in
antagonist muscle activity.

CONCLUSIONS

1. There was greater variability in the
slope of EEA values between days of testing than
between trials in the same testing session,
explained in part by the trend of the EEA slopes
to become smaller over the days of testing.

2 The gradient of the EEA curve tended
to be lower in subjects with greater body weight
and girth and the correlations were significant.
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Adjusting for these two measures would reduce
the standard deviation of the EEA across
subjects by 9%.

3. EMG activity is less during release of
jsometric force than with increase of isometric
force of the back extensor muscles.

4, In normal subjects, one can expect
symmetry between left and right muscle activity
during force development, but less during force
release.

5. These studies form a baseline from
which we can look for differences in subjects
with back pain and changes with treatment. The
changes in EEA slope over the testing period
emphasize the need for control groups when this
technique is used to measure changes in muscle
function.
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AUTOMATIC SYSTEM FOR THE EVALUATION OF THE
ACTUAL FUNCTIONAL EFFICIENCY OF GAIT

G.C. SANTAMBROGIO and R. ANDRICH

Centro di Bioingegneria, Politecnico di Milano,
Fondazione Don Gnocchi, Milano, Italy

ABSTRACT

An automatic procedure for the evaluation of
locomotor efficiency is proposed. On the basis
of the results provided by the Vector Diagram
Technique for the analysis of human locomotion,
a data collection suitably arranged into
homogeneous  files is adopted for statistical
comparison between different pathologies and
normal gait. From the arising differences,
computed at two levels of significance and
displayed in discrete and continuous forms,
indexes of abnormality are proposed to quantify
the original deficit and the recovery after
specific therapeutic treatments.

INTRODUCTION

Clinical evaluation of the gait efficiency either
before or after treatment may be usefully
integrated by objective measurements of patient's
performances.

The Vector Diagram Technique (VDT) is a particular
experimental procedure providing on-line, during
the stance-phase of a step, the ground reaction
evolution in vectorial form (1, 2).

This technique has been used for testing patients
with various pathologies (3, 4, 5, 6) but,
although the data so obtained permit immediate
preliminary considerations on the motor efficiency
of the subject examined, a further mathematical
approach 1is here performed on the VDT results in
order to quantify numerically the functional
changes induced by a given deficit and,
successively, the recovery obtained by treatment.
This system is then particularly important to
store synthetically periodic controls of the
effects induced by rehabilitative exercises,
orthoses and surgical interventions.

METHOD

Gait analysis is performed by

sequential steps:

- acquisition and preliminar
ground reaction evolution to
vectograms;

- statistical evaluation of the
between normal and pathological gait.

means of two

process of the
obtain normalized

differences

Acquisition and pre-process

Each patient was asked to walk along a stright
pathway at his more natural cadence. Two thirds
down, where patients reach steady-state
ambulation, a force plate with four cells of
piezoelectric transducers was placed flush with
the floor. The signals from the platform, which
are proportional to the force ratio exerted by
the subject on each cell, are firstly amplified
and then sent both to a host computer and to
a special device, named DIGIVEC (7), displaying
on-line the ground reaction evolution in
vectorial form. This evolution, usually called
vectogram, can be reviewed and qualitatively
controlled on a monitor in order to accept or
reject the trial. If accepted, the signals sent
to the host computer and converted into numerical
form at 1 KHz are pre-processed to normalize
the data thus making the comparison between
different trials possible.

Normalization procedure is:

n

V. (t,)
Hn(tn)
X (t)

V(t,) / W
H(t.) / W
(X(tn) - xmin) / (Xmax_ K’nin)

u

where t, = t/D is the normalized time, D is the
stance-phase duration, W is the subject's weight,
V, H and X are the vertical and horizontal
components and the application point displacement
of the ground reaction vector; H and X are

A scheme of the equipment adopted is shown in computed both in sagittal (HS, XS) and frontal
£ig, 1. (HF, XF) plane to have a 3D representation.
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Statistical approach

First of all, the vectograms of normal gait,
arranged into homogeneous groups (i.e. including
people of similar age, weight, height, the same
sex and walking at the same cadence), have been
processed obtaining for each group a typical
vectogram in which the vertical and horizontal
components and the displacement of the
application point of the i-th vector appear as
mean values and related standard deviations
computed from all the i-th vectors of the same
group. Similarly, the typical vectogram of a
pathological subject has been obtained from five
trials.

Since the five variables Vv, HS, XS, HF and XF of
all the i-th vectors concerning either the five
trials of a pathological subject or a homogeneous
group of normal subjects can be considered as
five samples approximately normally distributed
aruond their mean values, the significant
difference between the normal and abnormal
samples has been verified by using the t-test and
analyzing the null hypothesis with at ¢.61 and
@.05 level of significance.

In order to quantify the differences regarding
both each sample (S) and the whole stance-phase
(T), the following indexes of abnormality have
been computed:

s=2 4J
1

i is iTi

m
T=25
1

cessue

sessssene

where n and m are the normalized number of
vectors common for all the vectograms and the
number of variables associated to each vector
respectively (in this case m=5).

Jgis 1 or @ depending on the t-test applied
to variable S of the i-th vectors is verified
or not.
RESULTS

In order to show an application of the method
of analysis described above, the results from
a male subject affected by foot arch alterations
are reported. General morphology and details
about the original vectograms from normal gait
and this kind of pathology are outside the
primary scope of this study but, however, are
largely presented and discussed in the references
(2, 3) listed below.

Figure 2 shows the results of the t-test applied
to all the five variables defining a vector.
The horizontal stright lines 1limit the ranges
to accept the t values at @.81 and @.05 level
of significance. Given the general complexity
of this diagram, it is not simple to establish
the number of rejected values referring to all
the vectors. For this reason the indexes of
abnormality discussed above have been computed
and the histogram illustrated in fig. 3 has been
obtained. As clearly pointed out by the wupper
graph, significant differences involve mainly
the middle part of the stance-phase when the

!
1 — VERTICAL
“ HORIZONTAL-SAGITTAL PLANE
i s HORIZONTAL-FRONTAL PLANE
'l ————— APPLICATION POINT-SAGITTAL PLANE
|
|
|

I
|
. |
s I
3k [
Pod |
% P |' ++4+ APPLICATION POINT- FRONTAL PLANE
po i 'I
+ I
3 £ W +1%
¥ T ] \ X
S
1 L \
1 : " II %
: ] 4 < +5°%
L+++++++++"'-‘+++¥+ N

H //;’K-M e by S
St b o +L ~

1+

4

S A— e T T —r - .
=i 20 e es Pt 0%
e TN A _.
' = T Ea. 2
:‘. i T T i\\' L
1 /5 AR N
. > % + o4«
2 ol 3oigtenty
1 [Fag T I B S S A
5l S -1
+ | ++ o
+ t sy 4+
4 E 5
+ I [ +
| +
t .
11 ;
It 3
I I :
L&
[ 1= 2
i :
il 1k L 13
Figure 2

28 RESNA 8th ANNUAL CONFERENCE

MEMPHIS, TENNESSEE 1985



System for gait analysis

| 88 77

{

m VERTICAL 7] HORIZONTAL
4 FRONTAL PLANE

l’ﬂhﬂll MR Ill Il

S

N APPLICATION POINT
N FRONTAL PLANE

HORIZONTAL @ APPLICATION POINT

SAGITTAL PLANE

SAGITTAL PLANE

Figure 3

foot plant 1is fully contacting the ground, that
is when the vector is moving towards the fore-
foot. Bacause of the pain that takes place
medially below the foot, the wvertical component
cannot be supported correctly thus forcing an
abnormal coordination of movement during the
following thrust phase as demonstrated by the
abnormal distribution shown in the lower graph
from the 34-th vector on.

CONCLUSIONS

Although this study 1is the first attempt to
campare statistically all the variables defining
the 3-D evolution of the ground reaction vector,
the results obtained may be considered much more
than merely promising.

The first tests applied to different patients
have provided interesting information about the
impairment examined and the effect induced on
locomotor efficiency.

Further activity will be devoted to improve the
reliability of the analysis through additional
data collections from normal and pathological
gait and a more critical evaluation of the
statistical approach.
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VERMONT SPINAL FIXATOR FOR POSTERIOR THORACOLUMBAR

OR LUMBOSACRAL SPINE STABILIZATION:
INITIAL MECHANICAL TESTING AND IMPLANTATION

M. H. Krag, B. Beynnon, L. D. Haugh, J. W. Frymoyer, M. H. Pope
Vermont Rehabilitaticn Engineering Center
The University of Vermont, Burlington, Vermont 05405

ABSTRACT

A significant cause of 1low back pain is
mechanical instability of the spine, the
treatments for which include surgical fusion
of affected vertebrae. In the absence of
effective surgical implants to immobilize
such unstable segments, the development of a
fundamentally new fixation device, the
Vermont Spinal Fixator (VSF) has been
initiated. To optimize the design of the
fixator, various screw design features have
been evaluated, varying separately minor
diameter, pitch and thread profile. For 6.0
mm (major) diameter screws, maximum pullout
strength was attained using a 3.8 mm minor
diameter, 2 mm pitch, and a Buttress type
thread design. Further investigations
underway include evaluation of a 5.0 and 7.0
mm screw, optimal depth of screw penetration
and the integrity of the bone-screw
interface.

INTRODUCTION

A significant cause of low back pain (LBP)
is mechanical instability in the lower back (1).
This problem is typically addressed by attempt-
ing to obtain a solid surgical fusion of the
involved areas. However, there are no optimal
surgical implants available at the present time
for lumbosacral fusions and none of the implants
for the thoracolumbar spine are truly fixation
devices which provide immobilization of the
unstable segment. Thus, many operations for LBP
are performed without using a surgical implant
at all, and it is Tikely that this contributes
to the significant rate of failure in achieving
a solid fusion (2). A surgical implant which
could provide immediate stability and immobili-
zation would substantially increase the likeli-
hood of achieving a solid fusion.

The development and design of a fundament-
ally new spinal implant, the Vermont Spinal
Fixator (VSF) has been initiated to improve
stability and immobilization of the thoraco-
lumbar and 1lumbosacral spine. Compared to
presently used implant systems, the VSF offers
several advantages:

1. It is truly a "fixator," and does not rely
upon compression between implant and bone
to achieve stabilization and immobilization
(such as 1is the case with plates and
SCrews).

2. Only very short segments of spine need to
be used (e.g., three or even two
vertebrae), unlike the Harrington rod
system which involves a Tlarger segment of
spine, disrupting normal healthy tissue.

3. The device can be readily placed in problem
areas such as the lumbosacral region, or
laminectomy sites such as the thoracolumbar
region, limiting damage to normal tissue.
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4, Full three-dimensional adjustability can be
easily accomplished, unlike all other
implants which afford only Timited adjust-
ability.

The VSF (Figures 1 and 2) is attached by
means of a specially designed pedicle screw
which is placed posteriorly through the pedicle
into the vertebral body at the level immediately
above and below the site of instability on each
side. The two pedicle screws on each side are
rigidly joined to a smooth "connecting rod" by
means of special clamps. Each clamp allows
translational and two rotational movements prior
to clamping.

The development phase under discussion here
includes the evaluation of screw design features
for maximum pullout strength. CT scans of
pedicle width, "path length" for screw place-
ment, and pedicle axis orientation were used to
determine morphometric constraints on the VSF
(Figures 3 and 4). Based on the CT scans, three
major diameters for the pedicle screws (5.0,
6.0, and 7.0 mm) were selected. For each major
diameter, combinations of various minor dia-
meters, pitches and thread profiles are being
investigated, taking into account current metric
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Figure 1. Vermont Spinal Fixator (VSF)

MEMPHIS, TENNESSEE 1985



VERMONT SPINAL FIXATOR

thread standards. Results are presented here

for eight different combinations of minor
diameter (3.8 vs. 5.0 mm), pitch (2 vs. 3 nmm)
and thread type ("V"-type vs. Buttress) for the
6.0 mm major diameter screw.

Figure 2. A-P and laberal view of VSF in vivo

RESULTS

Ninety-one vertebrae (between T9 and L5)
were studied by CT scan to assess critical

morphologic features. The mean pedicle width
was fairly constant from T9 to T12 (range 6.7 to
7.6 mm) and gradually increased to 14.1 mm at L5
(see Figure 3). Three major diameters for the
pedicle screw were chosen (5, 6, and 7 mm).
Mean "path length" from posterior cortex of the
pars interarticularis to the anterior cortex of
the vertebral body gradually decreased from 46.2
mm £3.7 mm at T9 to 39.9+6.8 mm at L5.

Eight different thread designs for the 6.0
mm major diameter pedicle screw were tested for
pullout strength using 32 Jlower thoracic and
lumbar vertebrae to assess the effects of minor
diameter (3.8 vs. 5.0 mm), pitch (2 vs. 3 mm)
and thread type ("V" vs. Buttress). Left and
right pedicles of vertebral Tlevels were
considered as experimental units for pullout
testing. This was done because of the natural
variations in material characteristics of
vertebral bodies, both between and within
spines. Paired comparisons of strength were
obtained by matching different screw types in
the left and right pedicles of the various
specimens. The 1levels are thus viewed as
statistical "blocks," with the assignment of
screw types to left and right pedicle done
randomly. Analysis of variance, wusing a
balanced incomplete block design was performed
on the resulting data.
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Figure 3. VSF right pedicle beone window

For the "V" profile threads, the smaller
minor diameter (3.8 mm) had a significantly
greater pullout strength (230 N; p <.05) than
the larger minor diameter (5.0mm), while pitch
(2 vs. 3 mnm) had no significant effect on
pullout strength. For the "B" profile threads,
the smaller minor diameter (3.8 nmm) had a
significantly greater pullout strength (228 N; p
€.02) than the larger minor diameter (5.0 mm),
and the smaller pitch (2 mm) had a significantly
greater strength (242 N; p < .01) than the
larger (3 mm) pitch. For the "V" vs "B"
comparison, initial testing shows an insignifi-
cant difference, although further testing is
needed to increase confidence Timits. Relative
mean pullout strengths are show in Table 1. The
most promising screw type appears to incorporate
the "B" thread type, 3.8 mm diameter, and 2 mm
pitch.

Initial cadaver implantation for operative
technique and instrumentation development has
been accomplished (Figure 2).
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Table 1
Mean Pullout Strengths
for a 6.0 mm Pedicle Screw
Minor
Mean Relative Diameter Pitch Thread
Pullout Strength (in mm) (in mm) Profile*
1.00 3.8 2 B
.83 3.8 3 v
sl 3.8 3 B
.65 3.8 2 v
.59 5.0 3 B
b3 5.0 2 B
.46 5.0 2 v
.34 5.0 3 v

*
V="V"-type; B=Buttress
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CONCLUSIONS

Eight different thread designs for the 6 mm
diameter pedicle screw were tested for pullout
strength, using 32 1lower thoracic and lumbar
vertebrae to assess the importance of thread
type. Analysis of variance, using a balanced
incomplete block design, showed that, for the
“y" thread profile, the 3.8 mm minor diameter
had a significantly greater pullout strength
than the 5.0 minor diameter, while the 2 mm
pitch did not significantly differ in pullout
strength from the 3 mm pitch. For the Buttress
thread profile, the 3.8 mm minor diameter had a
significantly greater pullout strength than the
5.0 mm minor diameter, while the 2 mm pitch had
a significantly greater strength over the 3 mm
pitch.

Human morphometric data dealing with
dimensions of vertebrae relative to screw size
and placement have been collected and analyzed.
Some of the more critical data, primarily
results regarding pedicle width, path length for
screw placement and pedicle axis orientation

were used to determine morphometric constraints
on the VSF. Initial cadaver implantation has
been accomplished, with human use planned for
the near future. Sizing of the clamps and
longitudinal connecting rods to the space
available in vivo has been demonstrated to be
ample.
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2.6

ALTERATIONS OF SKIN BLOOD FLOW
PRODUCED BY CYLINDRICAL INDENTORS

A.H. Sacks, H. O’Neill, 1. Perkash
Veterans Administration Medical Center, Spinal Cord Injury Center
Palo Alto, CA 94304

Abstract:

A dimensional analysis is carried out for the alterations of
skin blood flow produced by a cylindrical indentor. The
associated load distribution and skin displacements are also
considered, and displacement measurements are presented for
four male subjects.

Introduction:

In the study of skin blood flow as affected by external
pressure, a number of different measurement techniques
have been employed(*:2:%4) and skin blood flow is usually
plotted against applied pressure. But the use of dimensional
quantities such as pressure and flow means that the
results must depend upon the subject’s weight, size, etc.
Furthermore, since interface seating pressures are difficult
to measure with accuracy, one often resorts to the use of
an indentor for the application of local loading. This means
that the results must also depend upon the size and shape
of the indentor. Also, since the distribution of loading under
the indentor is not uniform, one must either measure that
distribution or else make some simplifying assumptions.

Dimensional Analysis:

In order to insure measurement of all pertinent parameters
and the proper presentation of results in their most general
form, we first perform a dimensional analysis of the problem
at hand, which is represented schematically in Figure 1.

F

Figure 1. Schematic View of Skin Blood Flow Under
Indentor Loading.

Here, D represents the diameter of the indentor for
application of loads, d is the depth of an underlying bone,
¢ is the deflection of the skin surface caused by the indentor
under the applied load F,Q is the volume rate of skin blood
flow in the area seen by the blood flow measuring instrument,
and d, is the diameter of the underlying bone (assumed to be
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spherical or cylindrical). The subscript zero refers to baseline
conditions with no load. If we asssume that the flow reaches
an equilibrium value for any given load and therefore is not
a function of time, we can express skin blood flow @ as an
unknown function of the above variables, so that

Q = J(F,Qu,d,¢,dp, D)

But, according to dimensional analysis'®), a physical equation
makes sense only if the dimensions on the two sides of the
equation are the same. In order to insure that this is the case,
we must first represent each of the above variables in terms of
its dimensions; e.g., mass, length, and time. Thus, we replace
D by L (for length). F by MLT 2. etc. Then. by assuming
that the flow rate @ can he expressed as a product of powers
of the other variables indicated in the sketch. we find. upon
equating the power of each of the dimensions M. L, and T on
either side of the equation. that the condition can be satisfied
if the ratio @ /Q is a function of the ratios d/D.d,/D, and
e/d.

It is important to note that the force F has dropped out
of the above expression and that the variable ¢ accounts for
the combined effects of applied force and elastic modulus. In
fact, since the elastic behavior of the tissue is most likely
nonlinear, the use of actual displacement is preferable to the
selection of a single (constant) elastic modulus. Finally, it
is found experimentally that, for transverse loading of the
proximal femur in side-lying patients, the bone diameter d; is
essentially constant for all subjects. Therefore, the ratio dy/D
is essentially constant, so that the equilibrium Aow parameter
Q/Qq for such experiments is found to depend upon only two
nondimensional parameters, ¢/d and d/D.

Thus, there are three essential quantities to be measured for
a proper experiment in the effect of loading on skin blood
flow: the blood flow itself corresponding to each loading,
the corresponding skin deflection, and the depth of the bone
underlying the skin. This last parameter can be measured
noninvasively by means of echo doppler equipment.

For a given bone depth ratio d/D, experimental data
presented in this manner can be confined within a box
bounded by the values 0 and 1 on both axes if we represent
the reduction of blood flow in the form:

AQ/Qu = [f(e/d)

That is, blood flow cannot be reduced below zero (Q/Qo =
1), nor can we compress the tissue more than 100%(e/d = 1).
Further, there is no reduction of flow for zero displacement
(zero load), and there can be no flow when the tissue is fully
compressed.

Theoretical load distribution under indentor:

According to reference 6, the load distribution under a
flat rigid cylindrical indentor resting on a flat semi-infinite,
homogeneous elastic body can be expressed mathematically
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in the following form:
g = (P/2na®)(1/V/1 - (r/a)?)

where ¢ is the local loading (force per unit area), P is the
total load applied to the cylinder, r is the radial distance

from the centerline to the point in question, and a is the
radius of the cylindrical indentor. It can be seen from the
above equation that the pressure at the center of the indentor
(r = 0) is exactly one half of the average loading over the
contact surface, whereas the loading at the outer rim (r = a)
becomes infinitely large.

The theoretical equation above is of course an approximation
to the real situation in several respects. First, it has been
assumed that the elastic material (flesh) is homogeneous,
and second, the theory does not account for the presence
of the underlying bone or for the curvature of the contact
surface. However, the approximation is probably a good one
for estimating loads at the center of the indentor, particularly
since the inhomogoneity of the tissues is primarily in the axial
direction normal to the layers of skin, subcutaneous tissue,
ete. The general nature of the radial distribution curve seems
to be somewhat realistic in that we note a distinct reddening
of the skin surface at the location of the outer edge of the
indentor, despite a definite machined curvature of the sharp
edge there.

Tissue Deformation:

Regardless of the technique to be used to measure skin
blood flow, it is a relatively simple matter to measure skin
displacement by using marks on the shaft which supports
the load to be applied with the indentor. We have used this
simple technique to measure skin displacements beneath the
indentor with loads applied vertically to the proximal femur
of side-lying subjects, and the results are shown in figure 2.
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Figure 2. Skin Displacements Measured over the Proximal
Femur in Four Male Subjects.

We tested two able-bodied males (A.S. and H.O.) and two
paraplegic males (J.S. and J.St.) and found that the
“stiffness” of the tissues increased systematically with age,
regardless of spinal cord injury. Thus, it can be seen from
figure 2 that (1) the elastic behavior of the tissues is in all
cases nonlinear, with the tissues getting stiffer (increasing
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slope) as the load increases and (2) the required load for a
given displacement increases with age.

Such displacement information should always be obtained
along with any skin blood flow measurements so that the data
can be presented in the form Q/Qq = f(e/d) as indicated
by the dimensional analysis. This is probably a more
meaningful representation than the usual dimensional plot
of skin blood flow vs. applied load, for the reasons explained
below. However, it should be noted that our displacement
measurements were made immediately after each load was
applied. This means that transient effects such as creep were
not considered.

Discussion:

The reason for performing a dimensional analysis and
presenting the results in the nondimensional form presented
here is that the results are then in a general form, so that all
comparable data should fall on the same curve. This means
that, for a correctly selected group of subjects, all data points
should fall on the same curve (or surface)! Thus, one might
expect that all able-bodied subjects would fall on one curve,
all upper-neuron lesion spinal cord injury patients would fall
on another, all lower-neuron lesion patients on another, etc.
unless these categories are inappropriate, or unless other
factors are present which have not been accounted for in the
analysis.

In any event, if the dimensional analysis has been correctly
carried out, and if all of the primary factors have heen
included, then 1t should not be necessary to carry out
large numbers of experiments to establish the desired curves.
Furthermore, the scatter within the various groups should be
small.

This procedure is a standard method of engineering analysis
and 1s the basis for all wind-tunnel testing of aircraft. That
is, by dimensional analysis, one can use the results of model
testing to predict the loads on the actual aircraft without
the necessity of building and flying it! It seems reasonable
that we should now avail ourselves of this technique in the
systematic gathering of experimental data on alterations of
skin blood flow produced by external loading, since the fluid
and solid mechanics in both cases obey the same laws of
dynamic similarity.

It seems from the dimensional analysis carried out herein that
skin blood flow measurements are best presented in the form
of percentage of flow reduction as a function of the ratios of
skin displacement to bone depth and bone depth to diameter
of indentor. This would replace the customary presentation of
blood flow as a function of applied pressure, since the latter
would be expected to depend, among other things, on the
weight and obesity of the subject and the elasticity of the
tissues being compressed.

Measured skin displacements are presented for four male
subjects which indicate that the tissues are elastically
nonlinear and that the “stiffness” of the tissues under
compression increases with age, regardless of disability. Thus,
a higher pressure on the skin indentor is required to produce
the same degree of tissue compression in an older subject.
It is this compression related to the bone depth (rather
than pressure per se) which determines the compromise in
skin blood flow produced by external loading. It has been
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shown herein that such measurements are essential for the
proper presentation and interpretation of skin blood flow
measurements associated with the application of external
pressure.
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SEATING AND SPINE SUPPORT FOR BOYS WITH DUCHENNE MUSCULAR

DYSTROPHY

Author: J. Martin Carlson

Presentor:

Mark Payette

Gillette Children's Hospital
St. Paul, Minnesota

ABSTRACT

This paper describes the design, bio-
mechanics, and program being utilized
during the past two years for improved
seating and spine support for boys with
Duchenne Muscular Dystrophy . Et e =
lates these factors to quality-of-life
issues for the boy and his family.

Perhaps the most certain thing we can
say about the development of spine
deformity in boys with Duchenne
Muscular Dystrophy (including the
Becker varient) is that it is highly
variable. The pattern may be hyper-
lordosis, hyperkyphosis, scoliosis, or
a combination. While some children
will experience an early onset of a
spine deformity which progresses very
rapidly to a very severe curve, others
will acquire only mild, insignificant
spine deformity, and still others will
appear throughout the spectrum between
those two extremes.

There is a lack of precise definitions
and numbers regarding the incidence of
significant spine deformity in Duchenne
M.D., but we can say that a majority
(perhaps higher than 85%) of those boys
will develop a spine deformity having a
large impact omn the quality of life for
child and parent. Of the deformity
patterns we see in this group, those
that include large scoliosis curves are
the most debilitating. The scoliosis
almost always includes a lateral
obliquity (tilted laterally) of the
pelvis.

The reasons a spine deformity has a
negative impact on quality of life are:

1. The trunk progressively
loses the stability and
posture necessary for
independent function of the
hands.

2. The sitting position becomes
progressively more painful
for at least two reasons.
Pelvic lateral obligquity
causes most of the upper body
weight to be borme by only
one side of the pelvis. As
thiet gcolictie icollapse
becomes severe, the lower ribs
on the concave side are
driven downward against the
iliac crest.
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3. Distortion of the thorax can
eventually compromise heart/
lung space and function.

4. As the youngster loses
independent hand function and
sitting comfort, more burden
falls on the family to help
with his function and to make
constant positioning adjust-
ments for comfort.

It is of fundamental importance, as we
treat these kids, that we keep these
quality of life issues rather than the
orthopedic deformity, per se, uppermost
in our minds. For instance, a semi-
reclined sitting position will com-
promise function for these boys more
quickly and surely than the spine de-
formity that position was meant to
prevent . The seating and spine support
program, whatever it is, must, in a
comprehensive sense, help the boy and
family to have a greater quality of
life.

In the past, wirtually all known
efforts to orthotically control spine
deformity in boys with Duchenne
Muscular Dystrophy have failed in the
long range. Either they failed out-
right to achieve the orthopedic goal,
they failed to effectively address the
quality of life issues, and/or they
were excessively technically compli-
cated in their application. At the
present time, in some parts of North
America, the pendulum is swinging
toward early spine fusions.

At Gillette Children's Hospital, we
have been seating chiidren with
Duchenne (and Becker varient) Muscular
Dystrophy for about nine years.
Although we were learning much about
the nature of the deformity, about the
function of these children and their
families, and about how to work with
them, progress seemed slow until two
years ago. In early 1983, we combined
the use of a simple soft abdomino-
thoracic corset with the Gillette
Sitting Support Orthosis (see figure 1).
We eliminated all anterior restraints

above the lap belt (Previously, we had
used vests, panels, or straps to hold
the boys back into the supportive
plastic shell.). We continued to teach
and stress the importance of "pelvic
leveling" (elimination or minimizing of
pelvic lateral obliquity) each time the
child is put into the seat.

We feel this improved seating program
has been, thus far, extremely
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Figure 1

successful. It appears to us that some
key biomechancial factors have been
addressed in a way that is consistent
with improvement of the child's
function and other quality-of-1life
issues.

The normal human torso receives its

stability partly from the spinal column
acting as a controlled stack of
pression elements and partly from a
multitude of muscles acting in several
different ways. The paraspinal muscles
have a direct action on the config-
uration of the spine; extending it,
laterally flexing it, or rotating it.
The abdominal (and to some extend the
costal) mucles affect the stability and
conflguration indirvectly, bgt Very
importantly, through their action on

com-—

the abdomino-thoracic contents. Muscle
action to constrict and centrel the
circumference of the abdomen and thorax

allow compressive body weight loads to
be taken partly down through the fluid

filled abdomino-thoracic cylinder
rather than all acting down through the
spinal column. This adds tremendously
te the BEability of the £orss.
Experiments on a cadaver spine have
shown that when a spinal column 1is

stripped of stabilizing musculature, it
will buckle (like any flexible elastic
column) under a compressive loading of
only a few kilograms. As Duchenne
Muscular Dystrophy progresses,
destroying the effectiveness of the
various muscle groups giving stability
to the spine, it proceeds to collapse
as would any elastic column being acted
on by supercritical axial compression
loads. The scoliosis pattern we see on
x-ray is similar in configuration to

the buckling pattern displayed by an
elastic column pin joint (allowing
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tilt) at its top. This biomechanical
similarity would be of little practical

value except for the fact that the
stability of an elastic column under
axial compression loads is strongly
affected by the nature of the con-~
straint at its end. Constraining the
bottom of the column so that it cannot
tilt, will roughly double the load

carrying capability of the column (see
figure 2).

ol B e

Y
O @)

Figure 2

soft
spine/torso

The Sitting Support Orthosis and
corset combination increase
stability in three ways.

(]

Thie soft ecoxswet
non-functional abdominal and costal
muscles in a comfortable, unobtrusive
way . It allows the compressive loads
of body weight to bypass the spinal
column by the biomechanism described
earlier.

2

The 550 conforms to the pelvic portion
of the anatomy and constrains it to
remain in whatever orientation it is
positioned in., Whoever puts the
youngster into his 880 pulls up on the
trousers on the low side of the pelvis
and pushes down in the high side to

substitutes for

slide the pelvis into a level (or at
least minimally oblique) orientation.
This is similar to increasing the
MEMPHIS, TENNESSEE 1985
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bottom end comnstraint on a flexible (between 20° and 30°). However, some
column to increase stability. Figures 3 youths enter the program from other
and 4 show x-rays taken just before and cldindies with muth Latger Sarves.w
after the pelvic leveling procedure was Figures 5 and 6 show same day x-rays
performed on one patient. The Cobb with and without the SSO/corset com-
angle is reduced from _36 © te _20 © bination (the S5SO0/corset x-ray includes
just by this quick procedure performed pelvic leveling). In this case the
when positioning the child in his S5S0. pelvic lateral obliquity is reduced
This patient was not wearing a corset from 30° to 14° and a 65 © scoliosis
for either x-ray. Please note that once was reduced to 35 ©.Curve control of
a spine deformity has progressed to a this magnitude is not unusual as long
rather severe degree, the pelvis can be as the deformity is still very flex-
leveled only to the degree that the ible.

deformity is flexible. We have come,

over the years, to see frontal plane
pelvic alignment as the most important
variable in seating the neuromuscularly
impaired youngster with scoliosis.

Figure 5

More gratifying than the x-ray evidence
is the youngsters reaction. Theixr
comfort, increased sitting height,
better sitting stability, and deeper
breathing cowmhine to give them a feel~-

ing of increased well-being. Their
Figure 3 Figute & function 1s maintained or increased,

and they feel encouraged.
Pelvic control and orientation in the It must be emphasized that devices do
frontal plane relates not only to spine not solve problems of this nature.
stability and all that derives from Only a program including the following
that; it relates also to the uniformity things will be successful:
of pressures in weight bearing areas l1.Comprehensive education of the
and alleviating the progressive dete- family as to the reasons for
rioration of sitting comfort referred the prescription and the bio-
to earlier. mechanical principles.
3, 2.Attention to finding and
The upper portions of the SS0 shell solving the functiomal and
serves as props to prevent the torso, mobility problems related to
as a unit, from toppling backward, seating before they go home
right or left. Forward position of the with the new equipment.
torso is controlled by the boy per his 3.Provide effective equipment
functional needs. and show the family evidence

(i.e. x-rays) of its effective-

The corset, when properly adjusted, ness.
will also help the diaphragm to have a 4.Follow-up to solve growth,
greater excursion making deeper function and comfort problems
inspirations possible. Some caution as they occur and to monitor
must be exercised. If the corset were effectiveness.
ad justed extremely tight, it could Acknowledgments: This paper presents
compromise pulmonary fumnction by material developed in collaboration
preventing diaphragm descent. Le is between the author, Lowell Lutter,
not difficult to avoid this unlikely M.D., and Richard Zarling, M.D.. The
complication. patients have come through clinics at

both Gillette and Fairview hospitals.
It is the intent of the program here at

Gillette to begin the scoliosis control Orthotics and Prosthetics Lab

program while the curve is still small Gillette Children's Hospital .
200 East University Avenue St. Paul, Minn
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HIP ANGLE AND UPPER EXTREMITY MOVEMENT TIME IN CHILDREN WLTH
CEREBRAL PALSY

Olunwa Nwaobi, Douglas Hobson, and Elaine Trefler

University of Tennessee Center for the Health Sciences

Rehabilitation En

Memphis,

ABSTRACT

This study was designed to evaluate the effect
of hip flexion angle on upper extremity function
in patients with cerebral palsy. Movement time
for shoulder horizontal adduction was measured
when the hip was positioned at 50°, 70°, 90° and
110° of hip flexion. It was found that movement
time was least at 90 degrees of hip flexion and
highest at 50 degrees.

BACKGROUND

The need for proper seating and positioning of
children with cerebral palsy have been expressed
by several clinicians. It has been observed
that proper seating can reduce hyperactive
reflexes (1, 2, 4). It has also been
demonstrated that seating position affects tonic
muscle activity (5, 6, 7). Clinical
observations also suggest that correct
positioning of the child can enhance
neuromuscular control and voluntary function (3,
6). In a case study of an athetoid child (8)
and in studies involving nine subjects with
cerebral palsy (9), it was found that hand
function performance was different when the
subjects were placed in seats with different
seat surface and backrest angles. However,
these differences were not large enough to be
statistically significant.

PURPOSE OF STUDY

This study was designed to evaluate the effect
of hip flexion angle on upper extremity
function.

MATERIALS AND METHODS

Subjects

Subjects used for this study included 10
children who have been diagnosed as having
cerebral palsy. None of the subjects had any
fixed deformities that prevented the hip from
being placed in the positions used for this
study. All the subjects were intelligent and
could follow instructions. Only those children
clinically classified as having mild to moderate
involvement were accepted into the study. This
was done to avoid the effects of wide
variability of muscle tone often seen in
patients with cerebral palsy (6). Informed
consent was obtained from the parents of each
subject according to the procedures approved by
the University of Tennessee Institutional Review
Board.
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Instrumentation

A hydraulic-powered multiadjustable seating
device was used to position the children

(Figure 1). Hip position was altered by
independently changing the angle of the seat
surface inclination. An electric goniometer was
attached to the left hip joint in order to
monitor the position of the joint. Actual
position of the hip was provided in degrees
through an Analog to digital converter. Upper
extremity function was measured using a system
of touch-activating switch, an Apple Computer
and atelevision monitor. The operating software
for this system was developed at the Ontario
Crippled Children's Centre. The switch was
mounted on a lap tray so that its location was
on the same saggital plane as the midline of the
body. The lap tray was positioned at the same
horizontal level as the xiphisternum. The
functional movement consisted of horizontal
adduction of the dominant upper extremity from
an abducted position to the midline to activate
the switch.

Data Collection and Analysis

The subject was positioned in the seating device
such that the head, neck, and trunk were in the
vertical plane and the knee and ankle at 90°,
The head was supported with a neck collar, the
trunk with a chest panel, and the pelvis with a
lap belt. The hip was then randomly placed at
50°, 70°, 90° and 110° of flexion (Figure 1).
Hip flexion angles of 70°, 90° and 110°
represented the angle between the planes of the
pelvis and femur. However at 50° there was some
reversal of the lumbar lordosis. Also at 110°
knee flexion was changed to 110° to minimize the
tendency of the subject to fall forward. A rest
period of 10 minutes after each hip position
change allowed the subject to adapt to the new
position.

The subjects were instructed to move the arm
from the starting position (shoulder abduction)
to the midline (shoulder adduction) to touch the
switch and withdraw the hand as quickly as
possible on cue from the television monitor.

The movement was repeated 10 times. The 10
movement times (the time interval between the
cue to move the arm and activation of the
switch) were averaged and represented functional
performance for the particular hip flexion
position. The differences between the mean
movement time obtained for each hip flexion was
tested for statistical significance using an
analysis of variance and Fisher's Multiple
Comparisons.
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RESULTS

The mean upper extremity movement time obtained
with the hip at 50° was 1.87 seconds (Table 1).
Mean movement times of 1.52 seconds, 1.07
seconds, and 1.48 seconds were obtained at the
70°, 90° and 110° hip positions respectively.
As shown in Figure 2, movement time was highest
at the 50° hip flexion position and lowest at
the 90° position. The results of analysis of
variance showed that a significant difference
existed between the means of movement time
obtained at the different hip flexion positions
at the 0.05 level. However, the Fisher's
Multiple Comparisons indicated that the
significant difference was between the 90°
position and the 50°, 70°, and 110° positions.
The difference between the 50° position and the
70°and 110° position approached a significant
level (0.06). The means at 70° and 110° were
not significantly different.

DISCUSSION

The results of this study indicate that the hip
flexion angle affects upper extremity function
as measured by movement time. For the type of
patients and at the upright body orientation
used for this study, functional performance was
highest when the hip was positioned at 90° of
flexion. At the 50° position it was observed
that breathing was much more labored perhaps due
to the decrease in the thoraciec and abdominal
cavities and may have affected functional
performdnce. It is being recommended that the
hips be positioned at 90° when seating children
with cerebral palsy with mild to moderate
involvement for upper extremity function.
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Figure 1 - Side View of Positioning Device.

Hip Flexion Angles used are shown
on insert on right.

Table 1 — Means and Standard Deviation of the
mean for Movement Time for the 4 hip
flexion angles.

Hip Flexion

Angle (Degrees) N MEAN STD. DEV.
50 10 1.87 0.633
70 10 1452 0.312
90 10 1.07 0.250
110 10 1.48 0.316

MEMPHIS. TENNESSEE 1985



HIP ANGLE AND FUNCTION

2.0
~~
o
(11}
L Wb
a
=]
-~
=
2 4.0
1]
B
m E
(=]
=

50 70 gu 110

Hip Flexion (Degrees)

Figure 2 - Mean Movement Time Plotted against
hip flexion angle.
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PRESSURE RELIEF MORITORING DEVICE

T, Burn, M.W. Ferguson-Pell, D. Hurwitz
Orthopaedic Engineering and Research Center
Helen Hayes Hospital, West Haverstraw, NY 10993

ABSTRACT

A device was developed to evaluate a wheelchair user's
pressure relief performance. This device operates
continuously without intervention for several weeks and
allows the subject to follow normal routines outside the
institutional setting. The information collected by this
device serves in training the eclient to perform adequate
pressure relief as part of a comprehensive program to
prevent tissue trauma.

INTRODUCTION

Wheelchair users with sensory losses are at risk of
developing pressure sores because they sit for long
periods of time and subject their tissues to pressures
which restrict blood flow. Research by Kosiak (1) has
shown an inverse relationship between the magnitude of
the pressure and the length of time at that pressure
whieh causes tissue trauma. Thus, much of the research
and development in seating has been directed towards
designing wheelehair cushions which lower the pressure
on the user's skin. This work, while exemplary, has yet
to lower the pressure to a point where the user may
sit without pressure relief for long periods of time.

Problem

It is therefore necessary for wheelchair users with
sensory loss to learn pressure relief techniques and
practice them regularly in order to prevent tissue
trauma. Rehabilitation professionals (RP) teach their
clients how to perform pushups (push oneself completely
off the seat), side leans and front to back rocking. The
instructor and client develop a strategy for pressure
relief at regular intervals (e.g. once every twenty
minutes) and of sufficient duration (at least five seconds)
to prevent tissue trauma. This learning process lacks,
however, a method of evaluating the client's compliance
with this regimen.

Recent work by others has developed evaluation tools
which aid this learning process. Fisher and Patterson
(2) monitored pressures beneath the ischial tuberosities
of tetraplegic patients using two pressure transducers
on each tuberosity. The devices were attached to a
24-hour tape recorder, monitoring on average 5 hours
per session, and were replayed through a computer.
Chawla et al. (3) developed a training and monitoring
deviee incorporating a pressure sensing pad placed on
the sling seat of the chair with a large apparatus placed
underneath the seat. This system provided audible and
visual cues for pressure relief and recorded when the
cue was given and how often pressure relief was
undertaken. Mervitz et al. (4) developed a pressure
relief monitor using a portable computer. This device
runs for two days before its batteries need replacing.
Barbenel et al. (5) modified a digital wateh to record
the ratio between time spent sitting and time spent
pressure relieving. This device failed to detect more
than one type of pressure relief (pushup) and did not
record the time or number of events. The authors are
also aware of a monitor/alarm device being developed
by Andrews (University of Strathelyde) which utilizes
pressure switches to detect pushups.
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Approach

To further this work and assist the pressure relief
training process, the authors have developed a device
which will evaluate pressure relief performance over a
time span of several weeks. RPs can use this device
with ease because it requires no special knowledge of
electronies. Also, the device requires no intervention
during the evaluation period. In addition, the subject
can follow a normal routine in his every day environment
while undergoing this evaluation.  The information
gathered by this device shows the client and therapist
the complete history (type of pushup, time of day
executed, and duration) of his pressure relief behavior.
With this information, the client and therapist can see
when pressure relief performance falls below acceptable
levels. They ean then develop new strategies to improve
performance, including more intensive training and
possibly, the use of warning devices (Flower, 1984).

Overall Device Description

The device attaches to the under side of the subject's
wheelchair cushion as shown in figure 1. The wheelchair
cushion cover envelops the device-cushion combination
to give the appearance of a single unit. The device is
designed to fit a standard adult wheelchair. Another
version of the device fits a narrow adult wheelchair.
The dimensions of the device are such that the subject
can perform the same activities while undergoing an
evaluation as he ean with his normal wheelchair cushion.
The electronies inside the device are powered with three
six volt lithium batteries. A waterproof insulated case
encloses all of the electronic components.

/72y 7 7

Figure 1. An exploded view of the device which shows
(from top to bottom) wheelehair cushion, foree plate,
four point support system and monitoring box.
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DEVICE OPERATION

To activate the device, the RP first sets switches on
the device to indicate the client's physical
characteristics and the type of wheelchair cushion being
used. Next, the client and the RP calibrate the device.
The client sits on the device cushion combination, When
the device beeps, it ques the eclient to perform the
pressure relief activities within his capabilities. At the
same time, the RP monitors the pressure under the client
to make sure he is performing effective pressure relief,
Onece the calibration is completed, the device has set
pressure relief event thresholds for the elient under
evaluation. At this point, the device begins monitoring
the client's pressure relief activity for 30 days without
intervention. At the end of the evaluation period, the
RP connects the device to a personal computer. A
software package reads the information colleeted by the
device and stores it on disk. The RP and eclient can
then view the information on the secreen or obtain a
graphical printout. The display software also plots
statistical information about the pressure relief activity
such as running average time between events, cross
correlation® between event frequency and time of day
and frequenecy distribution of event duration.

PRESSURE RELIEF ACTIVITY
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Figure 2. Simulated printout of the performance data.
Note the three different types of events.

DESIGN

The device consists of three major components:
1) force transducer
2) detection eircuitry

3) monitoring

The first two components measure the spatial
coordinates of the center of force on the plate with
the client sitting on the wheelehair cushion. When the
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client makes a body movement, the coordinates of the
center of force changes, and if the magnitude of the
movement exceeds the preset thresholds, the detection
eireuitry turns on the monitoring computer. This
component then determines if the client is performing
a valid pressure relief aectivity by comparing with the
calibration recorded at the start of the evaluation. If
a valid pushup has occurred, the computer records the
type, time and duration of the event in nonvolital
memory. After 20 seconds have elapsed with a valid
event oceurring, the monitoring computer turns itself
off, helping to conserve the battery charge.

Monitoring Computer

The capabilities of the monitoring computer include:

8 bit Z-80 CMOS CPU 500Hz

16 K bytes of nonvolital data memory

4K bytes of program memory

real time day/date clock

audible alarm

two 8 bit digital input-output channels

eight single ended 8 bit analog input channels

The developers based the monitoring computer on the
Z-80 CMOS CPU so that they could draw on the
development software available for the Z-80 and at the
same time build a device which requires little operating
current. The relatively slow clock speed of the CPU
(500KHz) gives adequate performance while reducing the
overall power requirements. The 16K bytes of data
memory is large enough to hold information for more
than a month of valid events based on twelve hours of
sitting per day and six valid events per hour. A separate
battery continuously powers the data memory and the
real time cloek for more than a year before it needs
replacing. The audible alarm serves to cue the client
during the calibration procedure and to signal a
malfunction during an evaluation. The digital input-
output channels read the switches set by the RP to
indicate the client's physical characteristies. These
channels also ecommunicate with the display software in
the personal computer via a parallel to serial conversion
process. The analog input channels read the electrical
signals from the force transducer and associated
cireuitry.

Force Transducer

The forece transducer is an aluminum force plate with
four integral load cells. The plate makes contact with
the wheelchair at only four points, one under each load
cell. Each load eell has four semiconductor strain gauges
in a full bridge configuration. A simple circuit uses
the four strain gauges as feedback resistors on
operational amplifiers. This low power circiut is
powered up continuously during the evaluation and
converts changes in force on a load cell into voltage
changes which can be used by the detection cireuitry
and the monitoring computer.

Detection Circuitry

This ecircuitry compares the output from the monitoring
computer with preset thresholds. When an output
exceeds a threshold for more than one second, the
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eircuit turns on the monitoring computer by latching a
transistor switeh. When the monitoring computer signals
turn off, the detection eirecuitry unlatches the transistor
switeh. Both the load cell circuitry and the detection
cireuitry are on continuously. The current required by
these two circuits is so low that they can operate for
several months before their battery runs down.

SOFTWARE

The above circuitry requires software to operate. This
software is composed of three modules:

1) event recording

2) communication

3) display
The authors used Z-80 assembly to write the event
recording programs and the C language to write the
communication software. Presently, the display software
written in BASIC runs on an IBM PC. Versions for
Apple, Tandy and other personal computers will be
developed as needed.

Event Recording
This software resides in the monitoring computer and

processes the pressure relief performance data as it is
collected. This software reads the forces on the force
transducer over the analog input channel. By caleulating
the change in the force vector, the software ecan
differentiate between valid and nonvalid events. The
software ignores the latter to save data storage space.
If a valid event is detected, the software notes the
time at which the event began and then waits for the
event to finish., When the event is over, the software
caleulates its duration and codes it along with the type
of event and the time of occurrence. This information
is then stored at the next available memory location.
If a valid event lasts for more than a minute, then this
event is regarded as an end of a seating session. The
software records the beginning and end of each seating
session. After twenty seconds have elapsed without a
valid event oceurring, the software stores the time and
the next available memory location and signals the
detection cireuitry to turn off the monitoring computer.

Communication

This software resides in both the monitoring and personal
computers. When the two computers are connected by
the serial port (RS232) on the personal computer and
the parallel input-output channel on the monitoring
computer, the two computers can exchange data. The
software in the monitoring computer converts parallel
data into serial data and vice versa when sending and
receiving data. The software in the personal computer
establishes the communication link and requests the
monitoring computer to send a packet (128 bytes) of
data. The personal computer performs error checking
on the received data by adding up the bytes and
comparing the sum with the sum sent by the monitoring
computer. If the comparison fails, the personal computer
requests that the packet be sent again. When error
free data is received, the personal computer stores it
on the disk.
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Display

This software serves as the executive of the data
transfer, analysis and display process. The RP simply
places the disk with this software in the personal
computer and chooses from the options displayed at the
sereen. The RP indicates when the monitoring computer
has been connected to the personal computer and enters
the client's name and hospital number. The software
then reads the data from the monitoring computer and
displays the dates for which the data was collected and
the monitor identification number. Next, the software
displays a summary graph of the data by plotting a
histogram of the number of valid events for each day.
Each bar is divided into sections to indicate the type
of event performed. This plot also indicates the mean
time between events and the mean duration of events.
At this point, the RP can choose from a menu to print
out the histogram or to view other plots of the data.

SUMMARY

The need for a better evaluation of a client's pressure
relief performance prompted the authors to develop the
performance evaluator deseribed above. Currently, the
system is in the form of a clinical prototype, but will
be introduced routinely into the pressure sore prevention
management program at Helen Hayes Hospital in the near
future.
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THE SUBASIS BAR: AN EFFECTIVE APPROACH TO PELVIC STABILIZATION

IN SEATED POSITIONING
Simon A. Margolis, C.O.,
Brown, Ed.D.,

Robert M. Jones, Ph.D., Benjamin E.
Department of Rehabilitation Engineering,

Rehabilitation Center, University Hospital and Clinics, University

of Wisconsin-Madison

ABSTRACT

The components commonly designed to control
posterior pelvic tilt (PPT) and increased
extensor tone causing "pelvic thrusting" are
often inadequate in insuring  appropriate,
consistent, comfortable, and objectively
reproducable seated positioning. The authors
have developed a system designed to apply a
posterior/inferior force, inferior to the
anterior superior iliac spine. The direction

and point of application of this force
effectively reduces PPT  and virtually
eliminates positioning problems caused by

increased extensor tone at the hips.

INTRODUCTION

One of
problems facing

the most difficult, and universal
the professionals involved in
the seated positioning of  non-ambulatory
individuals is posterior pelvic tilt. For
purposes of this presentation, posterior pelvic
tilt (PPT) is measured with the client/patient
in a seated position with hips in 90 degrees of
flexion, or to the degree of flexion allowed by
passive range of motion. Using this position
as neutral; PPT is described as a deviation in
which the posterior superior iliac spines move
posteriorly and inferiorly.

NOTE: In describing and measuring flexion angle
at the hips for purposes of determining seat-
to-back angle in the design of seated
positioning orthoses; it dis critical to
differentiate between true hip flexion occuring
in the acetabulum, and apparent hip flexion
occurring at the lumbosacral junction or even
more superiorly in the lumbar region of the
spine.

BACKGROUND

Etioleogy
The etiology of PPT are myriad. In our

experience many cases of PPT are unfortunately
caused by, or at the very least exacerbated by,
inept attempts at providing seated positioning

equipment. A common example of this is
illustrated in Figure 1, To successfully
reduce PPT it is essential to apply a

posteriorly directed force inferior to the
anterior superior iliac spine (ASIS). If the
force is applied superior to the ASIS, it will
actually increase the problem, and increase the
attendant spinal deformities.

Increased extensor tone at the hips

A second area of concern in dealing with pelvic
stabilization is much more active and violent.
It is a situation typified by 'pelvic
thrusting" and usually caused by increased
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FIGURE 1
extensor tone at the hips. There is usually
minimal structural or functional deformity,
probably due to the fact that it dis an

intermitent phenomenon. The thrusting may be
symetrical in the medial/lateral plane, or it
may include a rotational component.

One key factor in the success of designing
appropriate seated positioning systems for
individuals with this type of involvement is to
match the seat-to-back angle of the seating
system to the limitations (if any) of actual
acetabular hip flexion available. It seems
almost wuniversal  practice in dealing with
increased extensor tone, to use a seat to back
angle anywhere from 85 degrees to an extreme of
60 degrees. This is often done without regard
to actual hip flexion available or to potential
effect on viscera and internal organs. This
approach may be successful in maintaining an
individual in a seating system, but will almost
inevitably place the pelvis in posterior tilt,
introduce a "C" type kyphotic curve, and have a
deleterious affect on head control.

We feel that the more rational and appropriate
approach to this problem is a combination of a
more conservative seat-to-back angle
(approximately 85 degrees), 5 to 10 degrees
tilt of the entire seated positioning system,
and an  appropriate pelvic stabilization
component to generate a posteriorly/inferiorly
directed force applied inferior to the ASIS.
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Pelvic stabilizers

There are a number of "pelvic stabilizers" in
common use. We are not attempting to generate
a comprehensive listing of all pelvic

stabilization components. The three most
common types of components are: the "seat"
belt, peroneal (groin) straps, and the
"pommel".

"Seat' belts. The seat belt can be an

extremely effective tool if used correctly. If
the seat belt is attached so that the line of
pull is below the ASIS in a posterior/inferior
direction and it is securely fastened it will
ususally be successful in maintaining pelvic
alignment. The major failing of the seat belt
is that it‘'s appropriate use is entirely
subjective. How tight is "securely fastened"?
Even a loosely fastened seat belt will keep the
individual in his wheelchair, -~but not
necessarily appropriately positioned. If the
seat belt 1is loosely fastened, and the person
is allowed to "thrust" against it repeatedly,
the shear force generated will evevntually
cause discomfort and the potential for
breakdown. Because of the inherent flexibility
of a webbing belt, the seat belt conforms to
the rounded contours of the pelvis and is
usually ineffective in dealing with pelvic
rotation.

Peroneal straps. Because they apply a
posteriorly directed force lateral to midline,
and usually well inferior to the ASIS, peroneal
straps are effective in dealing with pelvic
rotation. There is the same subjectivity
involved in the proper securing of the peroneal
straps as is involved in proper use of a "seat"
belt. The additional problem of acceptance of
"oroin" straps, especially by older client/
patients, is a concern.

"Pommels". The third, commonly used "pelvic
stabilizer", is the '"pommel'. We firmly
believe that the groin is not an appropriate
weight bearing area. There is the obvious
problem of the external genitalia. Applying
force to the area of the symphisis pubis may be
somewhat effective in limiting the amount that
the patient/client can slide forward as a
result of PPT and/or "thrusting. It does not,
however, effectively reduce pelvic tilt, nor
does it have an effect on pelvic rotation. We
feel, however, that the use of a well designed
"pommel" as an abduction wedge to reduce
adduction contracture and to maintain hip
alignment is appropriate.

SUBASIS BAR

To adequately address the need for reduction of
posterior pelvic tilt, to maintain pelvic
stability in the case of increased extensor
tone, to prevent pelvic rotation, and to
provide for consistent, objective repositioning
by various primary care givers, we have
developed the subasis bar.

Design. The subasis bar is a round, padded
aluminum bar which attaches to the lateral hip
pads of a seated positioning system. The
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diameter of the aluminum bar ranges from 1/4"
to 3/4", depending on the size of the
patient/client. The bar is covered with 1/2"
of pelite; a dense polyurethane foam. It is
inserted in a slot 1in one lateral hip pad and
then secured into a spring loaded bracket on
the opposite lateral hip pad. It is designed
to be fastened and removed using one hand. This
allows for maintaining appropriate pelvic
alignment while inserting the subasis bar.
Consistent,reproducable,objective repositioning
is assured because the subasis bar mounting
system allows for only one appropriate
position.

Location. The subasis bar is carefully
positioned to fit in the area of the femoral
(Scarpus) triangle (see Figure 2). This is the
anatomical area bordered by the sartorius, the
inguinal ligament, and the adductor tendon.
This area, especially during sitting when the
adductor tendon is relaxed, provides a viable
area to apply force. This is the same area
that is utilized by the prosthetist for
suspension of the quadralateral socket of a
prosthesis for an above-knee amputee.

Subasis Bar

FIGURE 2

Clinical parameters. To be effective, the
subasis bar must be used in conjunction with a
well designed seated positioning  system
including a minimum of a firm padded seat and
back, and lateral hip pads. The client/patient
must be positioned so that the sacrum is
perpendicular to the seating surface and
parallel to the back surface. Hip flexion to
90 degrees is desirable; pelvic tilt reduced to
neutral is optimal, though we have had some
success with moderate, fixed deformities. In
the seated position, with the hips flexed to 90
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degrees, there must be at least 3/4" clearance
between the inferior surface of the ASIS and
the shaft of the femur.

Clinical experience

The subasis bar has been used in over 50 cases.
In all cases, posterior pelvic tilt was reduced
to neutral; as allowed by passive range of
motion. Problems with maintaining appropriate
position due to "pelvic thrusting'" have been
virtually eliminated. Positioning of the
subasis bar inferior to the anterior superior
iliac spine eliminates the potential for
breakdown over bony prominences. Patient/client
and primary care giver acceptance and
compliance is assured  through careful
explanation of the rationale behind the design
of the subasis bar.

Dept. of Rehabilitation Engineering
University Hospital and Clinics
University of Wisconsin-Madison

600 Highland Ave. E3/211

Madison, Wisconsin 53792
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3.5

A LEVER DRIVE SYSTEM FOR WHEELCHAIRS

COLIN A. MCLAURIN, Sc.D. and CLIFFORD E. BRUBAKER, Ph.D.
University of Virginia Rehabilitation Engineering Center
Charlottesville, Virginia 22903

ABSTRACT

The various stages of development of a
lever drive system are described. The use
of both roller and friction clutches are
discussed and the means for controlling
forward, reverse and braking are included.
The current system allows good
maneuverability without requiring hand
skills and may be effective for
quadriplegics.

INTRODUCTION

Lever drives for wheelchairs have been in
common use in Europe for many years. The
typical design uses connecting rods from
the lever to the drive wheel similar to
that used on a steam locomotive. Steering
is accomplished by turning a handle on the
lever, the handle being connected to a
front casters Bennedik, Engel and
Hildebrandt- established that this is a
more efficient method for propelling a
wheelchair compared to hand rims. However
there are some associated disadvantages.
Top speed is limited by the maximum
stroking rate and it is not possible to
rest between strokes since the lever is
always connected to the drive wheels,
Also maneuvering is much more difficult in
close spaces since castering action is not
possible and a lever might have to be
started at a position of dead center.
This last feature contributes to the
difficulty in mounting a ramp from a
standing start.

One of the reasons for increased
efficiency probably stems from the fact
that power is applied whilf pushing and
pulling, However Brubaker established
that using only the push stroke, levers
could be more efficient than hand rims,
particularly if the appropriate mechanical
advantage was used. To exploit thig
possible increase in efficiency, Bruning
designed a lever system that used a roller
clutch to drive a sprocket on the drive

wheel 1like a bicycle. This allowed
pausing between strokes as well as
choosing the length of stroke. Reverse

was achieved by designing a reversing
roller clutch which was controlled by
pressure of the palm of the hand for

forward motion and by finger pressure for
reverse. Neutral or free wheeling
occurred when no pressure was applied.
The concept proved to be quite effective
but the only braking possible was by
engaging reverse, which locked the drive
wheels. This did not allow speed and
directional control while descending
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slopes. Caliper, bicycle style, brakes
were tried with the hand levers mounted on
the main levers. This required three hand
functions for controlling forward, reverse
and braking, which proved too much for
fast action, and it was not uncommon to
strike a wall or other object before the
brakes could be applied.

In attempting to further the development

of a lever system that allowed
maneuverability similar to hand rims,
several prototypes were built that

combined a brake with the drive system.
Typically, the roller clutch was used for
forward propulsion, and an ancillary lever
or handle mounted on the main lever could
be used to select neutral and then engage
a friction clutch which could be used as a
dynamic brake or when fully applied to
rotate the wheels in reverse. Hand grip
levers proved ineffective. Rotation of
the hand grip was more promising, but a
second hinge point on the lever that
utilized inward motion of the hands proved
to be a satisfactory control means and
promised to be useful for gquadriplegics
and others with limited use of the hands.

Further experiments showed that selecting
neutral, that is releasing the roller
clutch, was not easily achieved and the
operator was never qguite sure if the
system was in forward, neutral or reverse
until the stroke was engaged. Meanwhile
the clutch system was greatly improved,
required little force and motion to engage
or disengage.

It was suggested by Brubaker to disconnect
the roller clutch and use the friction
clutch for all three functions, forward,
reverse and braking. The current
prototype (Figure 1) is based on this
concept. When the levers are in the
normal or rest position, the clutch is
disengaged. Inboard movement of the

levers engages the clutch (see Figure 2)
allowing propulsion in either direction or
use as a brake. The clutch currently in
use is a brake drum using external brake
shoes with non-asbestos brake 1lining.
Propelling the wheelchair is similar to
rowing or skulling a boat, with the
lateral motion of the levers comparable to
feathering the oars so that they do not
drag on the return stroke. This requires
some practice for effective use, but once
achieved allows maneuverability that is
comparable to hand rims.
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Figure 1

The UVa lever drive system mount-
ed on a special built wheelchair.
The levers are shown in the stow-
ed position, resting on the 16
inch main wheels.

Figure 2

The UVa lever drive system show-
ing the inward motion of the lever
that engages the clutch.
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It is not apparent in the present

prototype, that propulsion is more
effective or more efficient than hand rims
for skilled users or athletes, although

this may be a matter of choosing the
appropriate wheels, mechanical advantage,
etc. What is apparent is that new design
possibilities emerge. For example smaller
drive wheels can be used which an fit
under the seat, for a narrower and shorter
wheelchair with no obstruction in
transferring. Further, the hands and
clothing are less likely to be soiled.
Perhaps the most important application is
the use by gquadriplegics and others with
limited hand function. Using ski pole
hand grips and elastic bandages, several
quadriplegics have tried the system with
favorable results, particularly in the
access to brakes. Stops at the forward
travel of the levers prevent the levers
from being pulled away from the user when
applying brakes. Thus steering and speed
control while descending hills is easily
accomplished. The need for a suitable
hand grip for quadriplegics is indicated
for Ffurther E€rials, The system
described has merit in that it is
inherently a light weight low cost system
with excellent maneuverability, requiring
only inward motion of the levers to select
all functions.

Further work on levers is indicated t

exploit other possibilities. Seeliger

has developed a system that allows power
to be applied during the pull and push
part of the stroke. This is a smooth
efficient drive system, but must be
disconnected for reverse and close-quarter
maneuvering with hand rims. Further
possibilities with the UVa system include
the return to the double action clutch
system but using inboard motion to
activate the brakes., The Matsunaga
wheelchair uses wrapped spring clutches
and connecting rods from the lever to the
hub. Forward motion is achieved by
forward motion of the lever from a neutral
position while reverse is engaged with
rearward motion of the lever from the
neutral position. No doubt many other
possibilities exist and should be tried.
The potential use for levers in wheelchair
drive is apparent and continued
investigation will lead to one or more
acceptable systems which will enhance the
mobility of manual wheelchair users.
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COLLISTION~-AVOIDANCE SYSTEM FOR A MOTORIZED WHEELCHAIR

Jeffrey Brent Scott, Software Designer
James L. Munro, Hardware Deslgner
Department of Electrical Engineering
West Virginia University

Abstract

A computer-controlled collision-avoidance
system for motorized wheelchairs using
ultrasonic ranging systems and variable speed
motors has been developed. This system is
intended to improve the safety of persons in
wheelchairs and to improve maneuverability in
close quarters. The system automatically
provides deceleration when an object is
detected in the line of travel while still allowing
for fast and precise control of the wheelchair.
The software controlled system is readily
adaptable to the user’s needs and can be
retrofit to existing wheelchairs.

Introduction

Some handicapped or disabled persons must use
motorized wheelchairs for mobility. Because
these people sometimes lack the fine muscle
coordination necessary to operate wheelchair
controls precisely, they sometimes collide with
furniture, walls, or other people, causing
damage to property and injury to others or
themselves. A collision-avoidance system built
for a motorized wheelchair can prevent these
problems by slowing the wheelchair to a safe
speed when it approaches an obstacle.

Materials and Methods

The collision-avoidance system is a modification
of a control system created by a previous
design group in the Electirical Engineering
Department at West Virginia University. The
original control system is based on an Intel
8085 microprocessor chip. The microprocessor
reads the present position of the joystick,
determines whether acceleration or deceleration
is needed, and outputs the appropriate speed
and direction signals to two proportionally
controlled motor units on the drive wheels.
This system provides 16 discrete motor speeds
and 64 acceleration steps, with 4 steps of
acceleration between each steady-state speed.

The collision-avoidance system was added to

this existing control system. The block diagram
of the combined system is shown in Figure 1.
The collision-avoidance system consists of three
commercially available ultrasonic ranging
systems and appropriate software to control the
ranging systems and determine when avoidance
is needed. A software flowchart for the system
is shown in Figure 2. The ranging systems are
positioned around the joystick control so that
one transducer faces forward and one faces
each side. Object distance is determined from
measurements of the time between a transmitted
signal sent by the ultrasonic transducer and
the first echo signal received. A support
system comprised of digital and analog
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components is used to interface the ultrasonic
ranging systems with the microprocessor.

JONSTICK
CONTROL

l

A/D
CONVERTER

SRl T )
¢

DIRECTIONAL
RELAYS

TIME-DELRY
COUNTER

LEET.
MOTOR

DRIVE

ULTRASONIC
RANGING RIGHT
SYSTEM > MOTOR
DRIVE

Figure 1 System Hardware Block Diagram

The control system allows the wheelchair to
travel at full speed as long as there are no
objects within 1 foot of either side and 6 feet
in the direction of travel. When an obstacle is
detected within these distances, the wheelchair
is slowed to a safe speed. The proportional
speed control of the motors allows 8smooth
acceleration and deceleration.

Results

The collision-avoidance system is designed to
gradually decelerate the wheelchair if an
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obstacle 6 to 30 inches ‘from the floor and 6
feet away is detected while the chair is moving
at maximum speed. The 6 foot limit provides
enough distance to decelerate the wheelchair
while maintaining a smooth ride for the user.
At chair speeds less than the maximum, the
wheelchair is allowed to get closer to the object
before automatic deceleration begins. The
slower speeds allow good maneuverability in
close quarters. The wheelchair is allowed to
come in contact with objects at a maximum
speed of 1/4 foot per second. This speed
allows the user to safely contact a desk or
table. Maximum speed can be obtained 1 foot
from an object not directly in the line of travel
so that the wheelchair can travel at maximum
speed down a narrow hallway or near a wall.
When an obstacle is detected within 1 foot, the
wheelchair immediately slows to 1/4 foot per
second. Once the obstacle has been removed,
the wheelchair automatically accelerates to the
speed set by the joystick control.

The beam  patterns transmitted by the
ultrasonic transducers are not wide enough to
cover the entire area around the front and
sides of the wheelchair as shown in Figure 3.
Additional transducers or a different type
would correct this problem.

Conclusion

This collision-avoidance system provides fast
and precise control of a wheelchair. Because
the system is software controlled, it can easily
be tailored to the needs of specific users.
Simple modifications in the software can change
the maximum speed at which the wheelchair is
allowed to come in contact with an object, the
number of transducers to be used for object
detection, or the distance from an object at
which the avoidance system begins decelerating
the wheelchjair. Since this is a complete
control system, it can be used on any motorized
wheelchair with only minor modifications.
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BLISSYMBOL TO JAPANESE CONVERSION SYSTEM 4.1

Toshiaki Matushima, Yasushi Kaneda, Atsushi Kumaki
Syuji Hashimoto, Sadamu Ohteru
Department of Applied Physics, WASEDA University
3-4-1, Ohkubo, Shinjuku-ku, Tokyo 160, JAPAN

ABSTRACT

A computerized communication system, to
translate Blissymbols to Japanese text and speech,
is presented. The system consists of a personal
computer, and speech synthesizers to be attached
to a Blissboard. The user can seem to speak
Japanese merely by touching the Bliss board in the
proposed communication aids.

INTRODUCTION

Recently, there have been active attempts to
use Blissymbols easily with electronics and
computer technology. The multi-language system,
that translates the Blissymbols into English,
Swedish, Spanish, Finnish, French, German, and
Chinese , has already been developed. However, no
proposal to make a Bliss-to-Japanese conversion
system has ever been reported.

The authors are developing a 'Blissymbols to
Japanese Conversion System'. The authors expect
that this system will be added to the multi-
language system as a Japanese version.

When Japanese people use the Blissymbols,
there are many problems. One of the most serious
problems is the fundamental difference in syntax
between Western languages, e.g. English, and
Japanese. That is, English is a 'Subject~Verb-
Object (SVO)' type language, while Japanese is a
'SOV'  type language.(Fig.l) Since the Blissymbols
are based on English syntax, in order to translate
the Blissymbols into Japanese, a syntax analysis
is needed. For example, it is necessary to
determine what a verb symbol is, which symbols
constitute an object phrase, and so on.

Moreover, another difficulty is that a
Japanese predicate phrase consists of a verb and
auxiliary verb, and each word has many variations
according to verb type, tense, voice, and sen:ence
style such as interrogative or negative.(Fig.2) It
is necessary to select the most suitable one among
them. The authors have succeeded in solving these
difficulties in this proposed system.

J v
altssynbol A3 08 N o )
English He bought a red car

l - "4 Pl WV

kare wa akai jidousya wo kaimashita.

o3 ko BEhE E Fuiln,

Japanese

Fig.l. English & Japanese Senterce Order
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English Japanese
PRESENT buy kai masu
Buvid
FUTURE will buy kau desyou
8 T
NEGATIVE don't buy kai masen
g_\.\ 3tAz

Fig.2. Japanese Verb Conjugation
GENERAL SYSTEM FEATURE

The authors!' system consists of three
commercially available devices, a personal
computer, a digitizer, and speech synthesizers
(Japanese/English) shown in Fig.3. The user can
effectively speak Japanese using this simple
system without any special attachment.

The user selects symbols on the Bliss board
by the help of the digitizer. Selected symbols are
converted into assigned codes to each symbol. They
are analyzed in the Analysis Block by Bliss syntax
and dictionary information. The Translation Block
generates well-formed Japanese sentence according
to Japanese syntax and the information stored in
the Amalysis Block. The Output Block converts
Japanese sentence (ASCII) into codes that the
Japanese  synthesizer can accept, and  adds
intonation codes to them.

Editor/Filer manages Bliss texts and the

dictionary. It updates symbol information and
displays 1it, and appends new symbols to the
dictionary.
The dictionary contains approximately 400 symbols.
Each symbol is allocated a 256 byte space. The
total stored information amounts to 100K bytes.
The System manager supervises the entire system.
(e.g. choosing mode{word or sentence), executing
file-management program, s=lecting the way symbols
are entered (from digitizer or file) )

SYSTEM MANAGER
i I I
DIGITIZER | [EDITOR INPLT BLOCK

SYMBOL /FILER ANALYSIS BLOCK

BOARD TRANSLATION BLOCK
uﬂFurauxxl
QKEDJ SPEECH
SYNTHESIZEH  |SYNTHESIZER

DICTIONARY  SENTENCE FILE

J 1
JAPANESE ENGLISH
SPEECH SPEECH

Fig.3. Bliss-to-Japanese Conversion System
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ANALYSIS BLOCK

The Analysis Block analyzes the Bliss

sentence according to Bliss syntax rules and
dictionary information, and extracts the data,
which are needed for translating to Japanese, such
as part-of-speech, phrase, sentence style, tense,
and voice.(Fig.4)
In addition to these processes, for translating
more complicated Bliss sentence into Japanese,
some sophisticate processes are required, such as
an idiom analysis or a syntax meaning analysis.
However, as the first step, these features have
not yet been supported.

Word Analysis Block

This block analyzes contextual parts-of-
speech in a Bliss sentence. In addition, it
processes indicators, pronouns }\3 —> he),
possessive cases ( }\3 i his), and so on.

Phrase Analysis Block

This block divides the Bliss sentence into

several phrases with the parts-of-speech
information. Five phrases can be accepted. They
are :

- Noun phrase (NP)

- Adverb phrase (AdvP)

- Adjective phrase (AdjP)

- Preposition phrase (PrepP)
- Verb phrase (VP)

Subject Analysis Block

This block extracts the main data from the
subject, and analyzes person and plural/singular
data for the sentence.

Verb Analysis Block

This block analyzes tense, voice (active or
passive), and verb type(transitive or intransitive
verb or 'to be').

WORD ANALTSI& BLOCK
LEHBB&LEMBLTLSLLELDLKJ
Lsuagmamé‘uﬂs_m

me

TEN TYLE ANALYSIS BLOCK

Fig.4. Analysis Block

TRANSLATION BLOCK
This block consists of three blocks, the

subject conversion block, verb conversion block,
and predicate conversion block.(Fig.5)

Yerb Conversion Blaock

This block has the general verb conversion
part and the BE conversion part. These are
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selected by verb type.

The BE conversion part conjugates Japanese
"desu", which means 'to be' in English, according
to a morphological rule. The general verb
conversion part produces the corcrect inflectional
ending of a Japanese verb, and adds the most
suitable auxiliary verb.

Predicate Conv ion k
This block arranges the converted phrases in

Japanese sentence orders. Three sentence sequences
are provided, that is, SV, SVC, and SVO, as the

orders.
SUBJECT CONVERSION
VERB CLJNVE{RSION BLOCK
PREDICATE CONVERSION BLOCK

[ENGLISH CONVERSION BLOCK]

Japanese & English Text

Fig.5. Translation Block
CONCLUSIONS

The proposed Bliss-to-Japanese system, in

spite of its simple structure, allows users to
easily compose many well-formed simple
Japanese/English sentences. Furthermore , it is a
bilingual system (English and Japanese), which
handicapped Japanese people can communicate with
English speaking persons by the aid of this
system.
However, in order to apply it for educating
handicapped Japanese, there are still some
unsolved problems. One of the most serious
problems 1is the difference in syntax betuween
Blissymbols and Japanese. To solve this problem,
it may be necessary to prepare a  Japanese-
oriented-Blissymbol, in which the orders are
rearranged according to Japanese  sentence.
However, Japanese-oriented-Blissymbols will lose
one of the most important features of using the
Blissymbols, world-wide commonness of expression.
Improvement in this system will lead to one
solution for this problem.
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A MICROCOMPUTER ADAPTIVE CONTROLLER FOR ELECTRIC WHEELCHAIRS

A.J. Schwab, R.M.

4.2

Inigo, B. Johnson

Rehabilitation Engineering Center, University of Virginia

ABSTRACT

The construction and evaluation of a
digital adaptive controller is described
in this paper. This system includes test
facilities which simulate actual
wheelchair operating conditions.

INTRODUCTION

Wheelchairs experience a wide range of
load parameter variation depending upon
the mass of the wheelchair rider, the
position of this mass in the wheelchair
and the type of surface the wheelchair is
traveling on. A velocity feedback
controller improves the behavior of an
electric wheelchair; however, the
wheelchair's response can be significantly

degraded by the time varying loads it
encounters during its operation.
Traditionally, velocity feedback

controllers are designed for some nominal
load; hence, their undesirable response
characteristics under changing load
conditions. An adaptive controller was
suggested to overcome the effects of large
load parameter variations encountered by
an electric wheelchair [1].

A variable structure adaptive controller
was designed and simulated at the
University of virginia. This type of
controller can provide an optimal response
for a range of load conditions by changing
its control coefficients as new loading
situations develop. The purpose of this
paper is to describe the system designed
to implement and test the adaptive
controller on an actual wheelchair motor
under known load conditions.

BENCH TEST FACILITIES

Before attempting field tests of the
adaptive controller, a bench test system
was designed to provide maximum
flexibility during the implementation

process. This system allows us to create a
simulated operating environment for the
motor with known load parameters whose
effects can be carefully monitored and
analyzed.

There are four main components in the
bench test system. They are a Magtrol
Dynamometer, Magtrol Power Analyzer,
Magtrol Dynamometer Readout and an
armature controlled dc-motor. The
interconnections between these devices are
shown in Figure 1. With this assembled
apparatus, a motor can be monitored for
information such as speed, power
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consumption and armature voltage and

current under prescribed 1loading
conditions.
EXTRA
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Figure 1

ADAPTIVE CONTROLLER HARDWARE

A Z80 microprocessor was chosen to
implement the adaptive controller for
several reasons., First, there is an
abundant supply of Z80 support products
available at a reasonable cost. Secondly,
the software for the controller was
written in FORTRAN on a %80 based machine;
therefore, the purchase of a high level
language complier was unnecessary as long
as a Z80 was used in our design,

Initially, a Z80 based system was
conceived specifically for the adaptive
controller, but the expansion of such a
system was deemed too limited for future
digital controller experiments, A
commercially available Z80 system
configured on a STD bus was purchased,
because several manufacturers offer Z80
processor boards and Z80 peripheral boards
with this type of standard bus.

To perform adaptive control, armature
current, shaft velocity and desired
velocity must be sampled by the system.
This data acquisition task is handled by a
custom designed board which uses an 8-
channel, multiplexed, 8-bit analog-to-
digital converter (ADC). Each input
signal, moreover, is conditioned to meet
the required analog amplitude range of the
ADC.

Armature current is measured by a 25
ampere shunt connected in series with the
armature of the motor. This shunt has an
output range of 0-50 millivolts which is
adjusted to represent -25 to 25 amperes
through the ADC.

The actual velocity is measured by an
optical encoder mounted on the motor's
shaft., The encoder produces pulses at a
frequency proportional to shaft velocity
by directing infrared light off a disc
encoder surface and sensing the presence
of holes on the disc. These pulses are
converted to a useable voltage
MEMPHIS, TENNESSEE
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representation of velocity with a
frequency to voltage converter.

At this time, the desired velocity
information is provided by a variable
power supply because the adaptive

controller operates independently of the
directional input device selected.
Eventually, a more sophisticated user
input device will be tested in conjunction
with the controller,

The power source for electric wheelchairs
is usually a pulse-width-modulated (PWM)
controller. In our test bench an Invacare
Maxtra PWM controller was used for this
purpose. The transfer characteristic of a
PWM controller is non-linear, but as a
first approximation it can be substituted
by a linear transfer function for
analysis. The transfer function of the
Maxtra PWM controller was obtained from
the measured input/output characteristics
for the velocity range of the adaptive
controller.

The command signal for the Maxtra PWM
controller is usually generated by a
joystick. In our system this signal must
come from the adaptive controller through
a digital-to-analog converter (DAC). Once
the joystick input to the PWM was
disconnected, the output signal from the
adaptive controller was connected in its
place.

TEST RESULTS

Before testing the adaptive capabilities
of the controller, the performance of each
of the four control equations was

evaluated to verify their control
coefficients. This was accomplished by
observing step response data recorded for
a measured inertial load with each control
equation applied to this load separately.
The test results yielded acceptable
performance from each controller for
inertial 1loads in their respective
operating region.

Since the region of operation is mostly
dependent upon the inertial load [1], the
performance of a controller was evaluated
for a range of damping loads while keeping
the inertia constant, The performance
criteria for this aspect of the controller
was the ability to maintain a desired
reference level despite load damping
variations, Each controller showed
excellent velocity control, and a
comparison with the Invacare Ranger
controller under the same conditions is
shown in Figure 2.

The estimates of 1load inertia and load
damping are the most critical calculations
required for adaptive control. A recursive
least squares approach is used to compute
these estimates [1l]. Although the load
parameter estimates converged properly in
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the software simulations of the adaptive
controller [2], they do not converge
correctly in the bench test system.
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Figure 2

There are two major causes for this
problem with the estimator which were
verified by additional software
simulations of the controller. The first
difficulty arises because the estimator
performance is directly related to the
sampling rate of the system.
Unfortunately, the sampling time selected
for the original simulations is too fast
for realistic implementation. Hardware and
software modifications have been made,
however, to permit sampling times which
produce acceptable estimator results.

The second and more damaging problem is
the measurement of armature current. A
step input signal to this control system
produces a large instantaneous current in
the armature of the motor. In the present
adaptive controller setup, current values
are measured up to 25 amperes and then the
measurement saturates at this value. The
current values used in the software
simulations range from 40-150 amperes
during the initial phase of the step input
waveform. If the current is limited to 25
amperes in simulation, the load parameter
estimates do not converge as expected.

After the input to the controller has
stabilized, current values remain well
within the measurable 25 ampere range of
the system, regardless of the load
conditions. The estimate of the inertial
load, however, is critical only during
periods of acceleration. Therefore, a more
accurate measurement of current during a
reference input change is necessary for
the recursive least squares algorithm to
function correctly. Several possible
solutions to this problem are presently
being considered.

difficulties are
the adaptive controller will be
in an electric wheelchair.
field tests will then be

Once the estimator
overcome,

installed
Extensive
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performed to prove the advantages of
adaptive control over present control
methodologies,
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4.3

MORSE CODE COMPUTER INPUT USING THE MOD KEYBOARD

L.W. Korba, P.J. Nelson and G.C. Park
National Research Council of Canada, Ottawa, Canada K1A OR6

ABSTRACT

Morse code input techniques provide a useful,
efficient data input technique for severely
handicapped individuals. This paper describes
a new version of the MOD Keyboard that
provides the option of Morse code Input.

INTRODUCTION

The MOD Keyboard system (as described in (1))
consists of a video display, a VIC-20 computer
and a special cartridge which plugs into the
VIC-20 computer's game slot. This cartridge
converts the VIC-20 into a versatile aid for
the severely handicapped that provides the
following features:

1. A communication device which allows a
variety of input devices and selection
techniques. The screen of the VIC-20 computer
is used to display a matrix of characters,
words and phrases from which the user makes
selections. Using one of several selection
techniques, a handicapped user may build
messages that may be sent to a voice
synthesizer, printer, or read directly from
the video display screen.

2. User alterable selection screens are
available. The user may create unique screens
for selection of individual characters, words
or phrases. Once these pages are created, any
one may be recalled and scanned for selection.
All pages created by the user are stored in
battery-backed CMOS RAM in the MOD Keyboard
cartridge itself. Thus these pages are
available whenever the MOD Keyboard is turned
on.

3. Simple text editing is built-in. Without
connection to another computer, the MOD
Keyboard may be used as a simple text editor
for writing letters or memos.

4. Computer keyboard emulation is an
inexpensive addition to the MOD Keyboard
system. Although keyboard emulation is built
into the MOD Keyboard operating system, an
adapter is required for each computer
supported (ranging from a simple cable to an
inexpensive adapter box (about $50)). Instead
of entering keystrokes with the standard
keyboard of the following computers: IBM PC,
Apple 11+, Apple IIe or the Commodore 64, the
MOD Keyboard can be used as the input device.
This feature allows a user access to the
scores of software packages designed to run on
any of the target computers. In each case the
standard keyboard of the target system remains
active while the MOD Keyboard may be used as
an additional input device.
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In summary, the MOD Keyboard provides a means
for a wide variety of control devices and
selection schemes. 1Its uses range from a
simple communication aid to a full-blown
programmable computer keyboard emulation
device.

Morse Code Input

Presently, the MOD Keyboard is operated by
scanning and selecting items from the screen.
Although scanning 1s cognitively easier to
learn than encoding, some severely handicapped
people are able to learn Morse code as a means
of character entry. For those who can learn
to use it, Morse code character entry has been
shown to offer greater mechanical and motoric
efficiency over scanning techniques (2).
Mechanical efficiency is inversely
proportional to the time required to select an
item and motoric efficiency is inversely
proportional to the number of motor movements
required to make a selection. In other words,
it is both faster and requires less motor
activity to use Morse code for character
selection when compared to scanning
techniques. To accomodate the segment of the
handicapped population that can learn to use
Morse code efficiently, a Morse code version
of the MOD Keyboard has been developed.
Although others (2), (3) have developed Morse
code input methods for computer keyboard
replacement, the MOD Keyboard offers great
flexibility in terms of enhanced text entry
speed via the word/phrase selection concept
and the use of screen feedback of character
codes as they are entered.

METHOD

The MOD Keyboard cartridge contains one 16K
byte EPROM (to house the MOD Keyboard
operating system), 8K bytes of battery-backed
CMOS RAM and a parallel interface device (6522
VIA). No hardware changes were required to
the cartridge to support Morse code data
entry. A different program residing in the
cartridge EPROM is all that is required to
accomodate the special requirements of Morse
code input. The MOD Keyboard arrangement has
allowed the development of several versions of
the MOD Keyboard by simply rewriting the MOD
Keyboard operating system.

The original version of the MOD Keyboard is
strictly a screen selection device. 1In the
case of Morse code we are dealing with a
serial coding selection scheme. Even though
the screen matrix character selection
strategies, originally used by the MOD
Keyboard, are of course not applicable there
are several benefits in using the video
display of the MOD Keyboard system, these are:
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a) The screen provides feedback of Morse code
keying. This helps when a user is first
learning Morse code and is later useful (along
with audible feedback) in pacing Morse key
data entry.

b) Built-in text editing features allows
simple letter writing without an additional
computer.

¢) Two-character entry for selection of a word
or phrase from lists presented on the MOD
Keyboard Screen is possible.

d) A display device is required for the MOD
Keyboard”s built-in editor for editing the
user selectable words and phrases.

The Morse code sequences used in the MOD
Keyboard are shown in Table 1. Several
special key sequences have been added to the
standard set to allow the selection of the
large variety of keys and key combinations
available on many of today's computers. For
instance the shift sequence (six

dashes ,~===—= ) puts the MOD Keyboard into
upper case mode for the next character
selection. Sending the shift sequence twice
is equivalent to shift lock. A similar
arrangement exlsts for the control key
sequence. The repeat sequence (——--%*%) ig
used to repeat the next entered character.
PFl and PF2 are two programmable function
keys. When either one of these keys is
selected, the MOD Keyboard displays a list of
selectable functions. These range from Set
Up, Key Editor, to any of the preprogrammed
words or phrases that appear in a list for
user selection. The selectable words are
listed in two columns and have associated with
them a single select character. If one of
these select characters is entered, the word
associated with that character is entered as
though it had been directly entered
character—by—character by the user.

Set Up

Once the Set Up mode is entered the user is
presented with screen menus of options which
may be altered to suit the configuration of
his system. The main options included are:

1) Key response. How fast the Morse keyer
accepts new entries (ie. the speed of "dit"
and "dah" entry)

2) Transmit mode. Included here are several
options for character storage and transmission
to a computer or printer.

3) Output interfaces. This option enables the
user to select the type of output device (ie.
computer keyboard to be emulated or printer)
that is to be connected.

Several other options are included to change
some of the MOD Keyboard”s operating
features.
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Key Editor

As mentioned above, the programmable function
(PF) keys allow the selection of a word or
phrase from a list displayed on the MOD
Keyboard screen. Only the first 8 characters
of the word are displayed on the PF screen.
When a particular selection is made, as many
as 254 characters may be entered by MOD
Keyboard. The word displayed on the PF page
may be elther the first eight characters of
the character sequence, or it may be a word
(label) that stands for a sentence or
operation that will be entered by the MOD
Keyboard. This means that a selection labeled
UP may be used to enter ESC D (where ESC is
the escape character). In the Apple II
computer this sequence is used to move the
screen cursor up one line while editing
Applesoft BASIC programs. In another example,
the user may program a key to enter "Dear Sir
or Madame:", even though the PF screen entry
appears simply "Dear”.

These programmable selection pages are edited
using the MOD Keyboard”s built—-in key editor.
As in the Set Up mode, the user Is prompted
for appropriate entries using a variety of
menus. In this manner, a key may be
programmed to generate a wide variety of
responses. The key editor also may be used to
redefine actual Morse code sequences required
to produce a variety of either single or
multiple character responses. Hence,
frequently used words can each be given their
own unique "Morse" code.

User Feedback

Morse code entry is accomplished by a two
switch sequence, similar to that available
with commercial Morse code keyers. One switch
is used to send a "dah" and the other sends
the "dit". Holding one or the other switch
closed will send a stream of "dits" or "dahs".
As with commercial keyers, there is audible
feedback of the dot or dash as it is entered.
The "dit" is a high pitched tone and the "dah"
a low pitched one. A very helpful feature of
the MOD Keyboard is the visual feedback
provided on the MOD Keyboard display screen.
The bottom line of the display screen is used
as a status line. On this line the user can
see the state of the Upper Shift or Control
Shift keys as well as the "dits" and "dahs" as
the current currently Morse code is being
built up.

DISCUSSION

The MOD Keyboard is a highly versatile,
inexpensive communication and keyboard
emulation device. Adding a Morse code input
version to the MOD Keyboard family (4)
provides another option from which a user or
therapist may select an optimal communication
technique. Features such as: visual as well
as audio feedback of Morse code entry,
multiple character entry with only one or two
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Morse code characters, and the keyboard
emulation and word processing capabilities of
the MOD Keyboard, offers both flexibility and
speed of character entry for the severely
handicapped user. The visible lists of the
entries corresponding to the programmable
function keys are a great aid to the user's
memory. Although other communication aids (5)
for the handicapped provide for abbreviated
keystrokes to enter frequently used words,
etc.; they seldom provide "pop up" lists of
these abbreviations the way the MOD Keyboard
does.

a *- n —* 1 #--—— SPACE Kok

b —#k% g ——- 2 #%-—— BACKSPACE ----

o —k—k p k——% 3 *kk—— NEW LINE *-%-

d k% q ——%- 4 #*%k¥— RETURN -k

e * r *-% 5 kkdkkk

f *k—% g *k%k 6 —*%*%% SHIFT = ——————
g ——* t - 7 —=%%% CONTROL ***%k*%
h **%%% u *k— 8 ———%% REPEAT ———tk
i *% v Fkk— 9 ————* ESCAPE b
j Femm W - 0 ————m

k —%*— x —HFk— s ==k , ——kF——

1 *-%% vy K : =tk . =tk

m —— z ——k% = de e e / ek de—

PFl *%%k——— PF2 Hkk—k—

Table 1. A list of some of the Morse code
characters supported by the Morse code version
of the MOD Keyboard. This list is not the
full ASCII character set. The SHIFT key
sequence may be used to obtain many of the
common ASCII characters, eg. SHIFT 1 will give
the exclamation point or the list in Table 2
may be used.

[ & —kkk g ko
P % kkk—tk Y ———k—
+ k—kkk Fkkkk- = —kkke
@ *———k (e S — —k——k
( Fed——k ) Hdemte— .

Table 2. Some additional codes for direct
selection of particular ASCII characters.
These codes may be used instead of using the
SHIFT sequence along with the appropriate code
in Table 1 to obtain upper shifted characters.
Characters not listed here may be added to the
MOD Keyboard”s Morse code vocabulary at any
time using the Key editor.
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EXPANDED AND REDUCED KEYBOARD ADAPTATION FOR THE MOD KEYBOARD

L.W. Korba, P.J. Nelson and G.C. Park
National Research Council of Canada, Ottawa, Canada K1A OR6

ABSTRACT

For every handicapped computer user, there
seems to be a different character selection
means to which he or she is best suited. Some
handicapped individuals, for instance, prefer
specialized direct selection devices in the
form of either expanded or reduced keyboards.
This paper describes a version of the MOD
Keyboard that supports a variety of these
special keyboards as input devices.

INTRODUCTION

Computers have been seen as a way of providing
expanded opportunities for severely
handicapped individuals. Development of
specialized devices and computer programs have
enabled severely handicapped individuals to
compete on a more even basis with
non~handicapped individuals. Unfortunately
most of these devices are either inadequate,
prohibitively expensive or are only available
in the laboratory. The MOD Keyboard system
was developed to provide an inexpensive and
flexible data entry device (1). 1Its main
purpose is keyboard emulation (2). 1In other
words, the MOD Keyboard 1s used to replace or
operate in tandem with the keyboard of a
variety of popular computers. Until now, the
MOD Keyboard has offered scanning of its video
display screen for selection of characters or
words and phrases. Handicapped users able to
manage a keyboard-like device prefer to use
these devices rather than scanning methods for
data entry. For these individuals, either
expanded or reduced keyboards have been
developed.

Expanded keyboards conslst of a large number
of switches, each with oversized keytops (2.5
cm. diameter) widely spaced over a much larger
working area than a standard computer
keyboard. These keyboards are useful for
those with spastic disorders or who can only
use their feet. Reduced keyboards look like
miniature versions of a standard computer
keyboard. Patients with low wrist or finger
mobility (caused by multiple sclerosis or
arthritis) find this type of arrangement very
useful.

There have been a number of expanded and
reduced keyboards developed for a variety of
computers (3). The MOD Keyboard has now been
adapted for these keyboards to provide a
system that offers the following features:

1) Built-in local text-editing. This allows a
user to perform simple text entry without
requiring the attachment of another computer.
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2) Screen display for user feedback. Quite
often a keyboard user must be aware of the
condition of the keyboard, ie. whether any of
the various shift keys is in effect. With the
MOD Keyboard system, a seperate video display
screen is used in the control of the keyboard.
To reduce the amount of changing of view
between the MOD Keyboard's display and that of
the target computer, all data entered at the
keyboard are displayed on both video

displays.

3) User selectable and user alterable words
and phrases. Much effort and time can be
saved during text entry by providing user
programmable keys. With this facility, one or
two key presses may be used to enter several
commonly used words or commands.

METHOD

The MOD Keyboard system consists of a VIC-20
computer, a video display screen, a MOD
Keyboard cartridge, and a user's interface
(special keyboard).

Hardware

The most important ingredient of the MOD
Keyboard System is the cartridge itself. It
contains the following (see Figure 1):

1) an EPROM (Erasable, programmable, Read-Only
Memory of 16K bytes capacity,

2) battery-backed CMOS RAM (8K bytes), and

3) a Versatile Interface Adapter (VIA, 6522).

The VIA chip controls 20 signal lines that
appear on an edge connector coming out of the
back end of the MOD Keyboard cartridge. In
this design, the user's keyboard attaches to
this connector.

The keyboard itself consists of an array of
switches arranged in rows and columns. With
the the present design of the MOD Keyboard,
the maximum number of switches that may be
accomodated in a keyboard is one hundred,
formed in an array of 10 rows by 10 columns.
As with other versions of the MOD Keyboard
(4), the only change required in the MOD
Keyboard cartridge was the rewriting some of
the software residing in the EPROM.

Keyboards

A variety of keyboards may be used with the
MOD Keyboard. Currently the expanded and
reduced matrix keyboards from TASH (Technical
Aids and Systems for the Handicapped) are
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supported. (Other keyboards may be easily
added as they are requested.) Although the
keyboard's keys may be arranged in the
standard QWERTY layout, other layouts are
possible. One alternate arrangement is
depicted in Figure 2. Here the keys are
arranged such that the most often used keys
are towards the center of the keyboard.

Programmability

Even though direct selection is an efficient
method for character entry it is still a slow
process for many handicapped individuals who
may be using a toe, hand splint, mouth stick
or headstick. To speed data entry, the MOD
Keyboard has been designed to allow the user
to enter a whole word or phrase by pressing
only one or two keys.

There are 64 keys on the TASH keyboards; 47
keys are used for alphabetic, numeric,
punctuation and other symbols, 10 are used for
special characters (space, carriage return,
escape, etc.), 3 keys are used as shift keys
(SHIFT, CONTROL, CAPS LOCK) and 4 keys are
function keys (Fl to F4). Any of these
function keys may be used to select one of the
following operations.

1) Set Up mode may be selected for changing a
variety of parameters controlling the
operation of the MOD Keyboard. The user may
alter the switch delay for the keyboard (time
between the physical switch closure and the
acknowledged switch closure), the type of
computer keyboard to be emulated, and several
other parameters.

2) A Key Editor may be entered to change a key
definition.

3) Predefined words or phrases may be selected
from a 1list displayed on the screen.

Key Editor

With the Key Editor, a user may generate his
own lists of words, phrases or special
functions for later use. A word or phrase
may be stored "under" a single key. Once a
function key is pressed, the list of words
stored "under" it is displayed on the screen.
Each word has associated with it a keyboard
character which is actually used to select the
word. The words displayed on the screen are
either the first eight characters of the
message or simply a name representing the
phrase which will be transmitted when its
associated key is pressed. This labeling
technique allows two keystroke selection of
messages as long as 254 characters. There may
be as many as 36 messages stored “"under” each
function key. Each function key, in turn, may
be given a name that classifies the words
"under" it. For instance, commands for
spreadsheet programs may be stored under F2
with the name "VISICALC". While using the MOD
Keyboard for normal text entry, a list of
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function keys and their names appears on the
screen. This list provides a directory of the
sorts of words stored "under" the different
function keys. In this fashion, a user may
quickly access any word or command he has
stored. As opposed to abbreviation expansion
(5), this method of keyboard input
acceleration requires very little
memorization.

Several nested menus are used to prompt the
user throughout the key editing process.
Numbered options are presented in each menu.
By entering the appropriate numbers, the user
can quickly perform any of the following
items.

1) Change the meaning of a single key to that
of another. This is useful for trying
different key position arrangements.

2) Change the meaning of a key so that its
depression will perform local commands (such
as shift or local editing commands).

3) Change the meaning of a single key to a
string of characters. Some often used key
sequences may be defined as a single key
depression.

4) Define a key for storage "under” a function
key. Using this option, the user may set up a
two key sequence for selecting a character
string (up to 254 characters long). Once the
key is defined, the name appearing on its
associated function screen is simply the first
eight characters of the phrase stored by the
user.

5) Define a key using a label "under" a

function key. This is similar to 4) above
except that an eight character label may be
used to represent the string of characters.

Labeling of keys is particulary useful when
emulating keyboards which have many more keys
than the user's interface (le. expanded or
reduced keyboards). The user may define a
label depicting the operation performed at the
target keyboard. For example the function
keys of the IBM PC keyboard may be labeled as
Fl to F10 under one of the MOD Keyboard”s
function keys. The user may also define the
key labels as the actual function performed by
the depression of one the function keys

(eg. "LIST" instead of Fl, or "RUN" instead of
F2, etc.).

DISCUSSION

Some handicapped people, given the cholce and
ability, would prefer direct character access
over scanning methods. The version of the MOD
Keyboard described in this paper provides that
option. With its display, the MOD Keyboard
provides visual feedback of the keyboard shift
status. It allows the user to quickly and
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easily access a large number of words, phrases
or target keyboard key combinations. Using
its Key Editor, key positioning and meaning
may be changed as the user pleases. In
general this version of the MOD Keyboard
expands the versatility of the MOD Keyboard
family by providing a very flexible direct
access input means.

Figure 1. A photograph of the MOD Keyboard
cartridge with its case removed. The wide
edge connector at the bottom of the printed
circuit board plugs into the VIC-20 game
connector. The edge connector at the top
plugs into the expanded or reduced keyboard
via a cable.

DEL Fl1 F2 F3 F4 RST

TAB Z F B S L b 4 v 1 2

+ ESC X P 0 T H C K 3

o8
Tt !

= CIL. J U A SPC E D RET 3 6

CPS & * 4
¢ LK g W R I W 6 M ¥ & =
I ~ " : < > ? ( ¥y
X ¥ . 9 & 0w @ o B 3 & E

Figure 2. Typlcal layout for an expanded or
reduced keyboard. Here the keys are layed out
in accordance with the frequency of their use.
Note the four function keys (FlL to F4) that
are used to access the Set Up and Key Editor
modes as well as word/phrase selections.

(For this diagram the following abbreviations
have been made: DEL-Delete, ESC-Escape, CTL-
control, CPS LCK-Caps Lock, SPC-Space,
RST-Reset, RET-Return and SFT-Shift).
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4.5 THE DESIGN OF AN ELECTRONIC DESK DICTIONARY
FOR THE VISUALLY-IMPAIRED

James D. Sullivan
Optimal Systems, Ine.

ABSTRACT

This paper describes a research and development project
for visually and/or mobility-impaired individuals. The
project involves development of a prototype electronic
desk dictionary for such individuals. The initial design
and an implementation schedule are deseribed. Finally,
completed work and future plans are discussed.

IDENTIFICATION AND SIGNIFICANCE OF THE
PROBLEM

Currently, the severely visually-impaired must depend
either on cumbersome Braille dictionaries, or the eyes
of others, in order to enhance their respective
vocabulary skills and abilities. This problem presents
an opportunity to develop a device which would assist
the visually-impaired in the utilization of a dictionary.
The device would consist of:

(1) an audio input device;

(2) an appropriate microcomputer hardware and
software system selected and designed for this
particular problem; and

(3) an audio output device.

Such a device would facilitate much more rapid and less
difficult access to a dictionary for the visually
handicapped; this would greatly increase their individual
learning potential throughout primary and secondary
education. It would also be an invaluable tool for
allowing the blind and near-blind to lead a more normal
life as well as to make many career alternatives (such
as technical writing, secretarial, and managerial
positions) more realistie. The proposed device would
be extremely useful also for most mobility-impaired
individuals in ways similar to those that would make it
worthwhile for the visually-impaired.

The proposed device would have many other significant
consequences. It would be relatively easy to generalize
the dictionary prototype to a foreign language or
specialized technical dictionary (for instance, a medical,
legal, or engineering dictionary). This would be very
valuable to blind and mobility-impaired students while
learning foreign languages or technical subjects. Due
to their respective physical limitations, such handicapped
populations could benefit enormously from devices, like
the one proposed herein, which will make the educational
process less cumbersome.

In addition, the development of such a device would
find far-reaching applieability commerecially in both the
public and private sectors. All those involved in
correspondence and report writing need to develop their
respective vocabulary skills in order to be able to commit
to writing what is actually meant. This requires a
precise understanding of the meaning, and usage, of
words as well as impececable spelling. The type of
device proposed herein would serve those purposes and
lead to written documents of higher professional quality.
The importance of this cannot be underestimated,
particularly in a society very concerned with the decline
in basic skills of its people. Furthermore, foreign
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language and specialized technical electronic
dictionaries would have similar wide-spread commerecial
potential.

Initial Research Technical Objectives

The first goal would briefly be to investigate the
feasibility of developing an electronie desk dictionary.
This can best be done by developing a prototype since
a number of questions must be answered in more detail
than can be estimated without such a prototype.
Specifically, answers are sought to the following
questions:

(1) What is the most appropriate hardware system
to support the software selected for the
device?

(2) What is the most appropriate software to
support such a device?

(3) How fast can a definition be retrieved in
practice?

(4) How much will an aetual system cost?

(5) How long will it take to transfer the
information into computer-readable memory
media?

Thus, the technical objectives will be as follows:

(1) to seleet an appropriate microcomputer
hardware  system, including  determining
necessary main and auxiliary storage sizes and
speeds, input/output ports, and other hardware
considerations;

(2) to select appropriate software for developing
the system (such as a relational data base,
sorting utility, or programming language);

(3) to obtain retrieval statistics about the
prototype, which will be developed using
hardware and software available to the author's
company;

(4) to use the costs for the choices indicated by
the selections made in (1) and (2) above, and
other related costs to calculate the total cost
of an actual system (because the central and
auxiliary memory required may be extensive,
the cost is difficult to estimate accurately
without an actual working prototype); and

(5) to determine more accurate estimates of the
data entry time required (this information will
also be used in attaining objective (4) above,
but is very important in its own right as it
determines the time required for developing
systems utilizing other written dictionaries).

Two other important technical objectives involve the
determination of the most cost-effective (1) audio input
deviee; and (2) audio output device. These objectives
can be considered sub-goals of objective (1) above.

Utilizing the information gained through the
achievement of the above objectives, further study into
the feasibility, cost-effectiveness, and utility of the
proposed system will be carried out. This will be the
most important overall goal of the development project.
In addition, further research into the feasibility of
generalizations (foreign language and specialized
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technical dictionaries) will be carried out. This will be
necessary for subsequent research, as deseribed later.

Initial Research Work Plan

A stage-by-stage description of what will be
accomplished and how it will be accomplished in the
initial research will now be given. This will include a
detailed discussion in each stage which addresses a
specific technical objective, as outlined earlier in this
paper. Each of the eight stages will now be discussed.

The first stage in the proposed work plan would inelude
an organizational meeting, followed by a stage one work
outline. This would include a literature and
microcomputer product system review. Due to the rapid
rate at which developments in the areas of audio
input/output devices and microcomputer hardware/
software systems are being made, it is not practical to
carry this out until work on the projeet is initiated.
This stage would be scheduled for two weeks of work.
The right to use the dictionary information of a major
lexicographer would be secured.

This would be followed by stage two, in which the most
eurrent available audio input and output devices would
be surveyed. The most cost-effective, high quality
devices would be determined. This stage would be
scheduled for a duration of three weeks.

The next stage would continue the hardware survey. In
this third stage, about thirty general purpose
microcomputer hardware systems would be investigated.
The most appropriate five systems would be determined
by a process of repeated elimination. This stage would
be scheduled for a period of three weeks.

In the fourth stage the various applicable software
products available for use as a system base in the design
would be studied in detail. Four weeks would be needed:
one week would be used to analyze dBASE II® (dBASE
IT is a registered trademark of Ashton-Tate); one week
would be used to analyze SUPERSORT® (SUPERSORT
is a registered trademark of Micropro, Inc.); one week
would be used to analyze Microsoft's BASIC (a high-
level language which has capabilities for both sequential
and random disk access); and an additional week would
be required to carry out a selection based on the
combined analysis data of the preceding three weeks.

Then, stage five would last two weeks. A basic system
implementation would be earried out. If more time were
required, stages six and seven would be reduced in scope.

The following work would be included in stage six.
Estimates for central and auxiliary memory size would
be predicted at this point based on the preliminary
system design and utilizing the data as keyed in up to
this point in the project. Necessary input/output ports
would be determined based on the audio input and output
devices selected in stage two. Experiments with the
prototype would be conducted to determine whether or
not a sixteen-bit processor would be powerful enough
to retrieve word definitions in a practical time. Two
weeks are scheduled for this stage.

CURRENT PROGRESS AND FUTURE PLANS

This work represents a continuation of the research
begun in (1).
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A great deal of experimental work has been carried
out to determine data entry time for input of a
complete dictionary. Estimates for disk storage and
access times, as well as microcomputer processor bit-
size and memory requirements, for a system which will
function at a reasonable rate of speed, are currently
being determined.

Rights are currently being sought for use of dictionary
information from several sources.

Audio input and output devices will be determined as
the research progresses. State-of-the-art audio I/O
equipment will be selected after the prototype is
otherwise complete. Currently the system utilizes a
Votrax® Model Number 100 (Type 'N Talk™ Speech
Synthesizer (Votrax is a Division of Federal Secrew
Works) for audio output; no audio input device has
been utilized as yet (the VET™ voice entry terminal is
a possibility; VET is a trademark of the Seott
Instruments Corporation). Since good audio I/Q devices
exist and will be improved considerably in the near
future, the selection of such peripherals can safely be
postponed while the remainder of the prototype is being
developed. A good introduction to the technology of
voice synthesis is contained in (2).

Additional dictionary query possibilities (besides
spelling checking and definition determination) are
being studied. Data structure alternatives to support
sueh additional query options (such as synonyms or
homonyms) are being investigated in order to arrive at
an optimal implementation.

Pronunciation problems exist with the Votrax 100. If
newer audio output devices do not solve these problems,
accurate pronunciation may have to be achieved
through phonetically spelling the dictionary data. This
is obviously not a desired alternative.

Based on sample data entry, the dietionary information
entry process is a slow one even with a highly skilled
typist. Optical seanning has been considered for input
but has numerous complications. Due to other priorities
of the author's company, this project has not proceeded
at the rate initially scheduled; however, an additional
time commitment to the projeect is expected after the
basic microcomputer processor and disk requirements
are assessed. This work will be reported on at a later
date.

AVAILABLE HARDWARE AND SOFTWARE

SUPERSORT (3), CONDOR (4), and BASIC (5) are being
evaluated for implementation of this system. CONDOR
is being assessed as an alternative to dBASE II;
SUPERSORT is a leading sorting utility for
microcomputers; CONDOR and dBASE II (6) are
relational data bases (7). A Zenith Z-90 (8) system
with 64K RAM, one inboard 100K hard-sectored single-
sided, single-density disk drive and two outboard 320K
soft-sectored double-sided, double-density disk drives
is available as well as a Zenith Z-100 (9) system with
192K RAM and two inboard 320K soft-sectored, double-
sided, double-density drives. CP/M (10) (a registered
trademark of Digital Research, Ine.) and Z-DOS (11) (a
trademark of Zenith Data Systems Corporation) are the
operating systems currently being utilized. More
powerful data base software, such as dBASE III™ (12)
and METAFILE™ (13), are also being considered as well
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as totally integrated packages, such as Enable™ (14).
[dBASE III, METAFILE, and Enable are trademarks of,
respectively, Ashton-Tate, Sensor-based Systems, and
The Software Group.] Besides data bases and sorting
utilities, programming languages are also under
consideration. In addition to BASIC, FORTRAN (15),
COBOL (16), and Pascal (17) are being evaluated for
possible implementation support software. Assembly
language will be avoided unless timing problems cannot
be overcome.

The Zenith Z-89 computer utilizes an 8-bit Z-80™
microprocessor (18) as its central processing unit as well
as an auxiliary Z-80 processor for keyboard input
processing. The Zenith Z-100 has both an 8-bit Intel
8085 microprocessor and an Intel 8088 (19)
microprocessor (16-bit proecessor with an 8-bit data bus).
[Z-80 is a trademark of Zilog, Inc.] Data entry has
been ecarried out utilizing a special format in a word
processor. This data will be transferred to different
software systems during implementation.
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ZERO PRESSURE KEYBEOARD FOR APPLE 2E

K.C. Brockley, C. Dumper, P. Graystone
Wesbrook Children's Technology Center, University of British Columbia
2211 Wesbrook Mall, Vancouver, B.C., Canada V6T 2B5

ABSTRACT - This paper describes a zero-pressure,
computer keyboard developed at the Wesbrook
Children's Technology Center to allow disabled
individuals with weak muscular control independent
access to microcomputers. The keyboard is designed
to operate in parallel with the Apple 2e micro-
computer keyboard while maintaining complete
software transparency.

LS INTRODUCTION

Conventional microcomputer keyboards are unsuit-
able for many disabled persons with weak muscle
disorders such as Spinal Muscular Dystrophy.

For these individuals even the slightest finger
pressure is very difficult or impossible. As a
result, for the last year, the Wesbrook Children's
Technology Center has been involved in the design
and development of a zero-pressure, microcomputer
keyboard to allow young children with such dis-
orders easier access to microcomputer systems.

The unit is currently available for Apple 2e users
under the name KEASYBOARD and can be installed in
less than five minutes.

Key selection is accomplished by inserting the
finger through one of 65, 17/32" diameter holes
and interrupting a pair of row and column light
beams. Since no contact switches are involved,
the user requires no finger pressure to access a
key. Apart from the standard keyboard, an aux-
illary multiple character keyboard mode can be
selected for sending several characters or words
with a single key access. Customized auxillary
keyboards are available for individuals who fre-
quently enter the same words and phrases.

II. DESIGN

During the conceptual design phase of the project,
apart from the zero-pressure feature, several
objectives were considered important. The unit had
to be inexpensive, easily adapted to existing, as
well as future microcomputers, rugged, simply
constructed and easy to install. Infrared light
emitting diode transmitters and receivers were
selected instead of capacitance type switches
primarily because of lower cost. The entire micro-
computer controlled circuitry is housed on a
single 7 1/2" x 12" printed circuit board which is
enclosed in a light weight plastic cabinet.

The zero-pressure keyboard consists of a micro-
computer controlled infrared scanner. There are 18
pairs of infrared light emitting diode (LED)
transmitters and receivers mounted around the
perimeter of the circuit board; with 5 along the

Y direction and 13 along the X direction (as shown
in figure 2) resulting in a total of 65 possible
key points. These light beams are checked sequent-
ually by the microprocessor for any interruptions.
When a finger, head stick etc. interrupts a
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Zero-pressure computer keyboard for
individuals with weak muscle disorders.

particular X-Y light beam pair, the key defined at
those coecrdinates is selected. The hardware se-
quences each of the 18 light beams starting with
pair Eo and Qo. In order to conserve power, only
one beam is energized at a time. When any of the

X beams are obstructed, the appropriate X binary
code is then stored. The scan is then completed

by scanning the Y beams in a similar manner and
constructing the full 6-bit (X,Y) code correspond-
ing to the selected key.

When the (X,Y) code has been constructed, it must
be used to activate the appropriate key on the
host computer, transparent to any software that
may be running at the time. In other words, the
host computer should not be able to tell whether
the characters are coming from the KEASYROARD or
the regular host keyboard. In the case of the
Apple 2e, this requires the KEASYBOARD output to
appear like a matrix of 63 contact switches. The
actual implementation consists of a bank of 64
semiconductor switches tied to the Apple 2e 10x8
line matrix. Each key is activated when a pair of
matrix lines are tied together. An output code is
fetched by the microprocessor within the unit
through a table look-up procedure using the (X,Y)
code obtained above. This 8-bit code is then sent
to a decoder which is responcible for turning on
the appropriate matrix switch. Since different
manufactures may use different switch matrix con-
figurations, different table codes and output
cable configurations will be required, however,
the principle still remains the same. Still other
manufactures may output parallel or serial ASCII
codes which would require some scheme of inter-
weaving ASCII codes from hoth keyboards or simply
disabling the regular keyboard. At present we have
decided to restrict the KEASYBOARD to switch
matrix interfaces since these microcomputers are
more widely used today.
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FIGURE 1: Block diagram of microprocessor controlled zero-pressure keyboard. Key selection is

accomplishe

d by interrupting infrared light beams which in turn activates one of 64 digital switches.

These switches appear like the regular keyboard switch matrix to the microcomputer.

All the photodetectors are wired-OR together and
read as a one bit status port. A twenty-four bit
output port is used to strobe the 18 LEDs, control
the two panel lights, activate the SHIFT, CONTROL
and CAPLOCK lines, as well as generating an audio
key "click' signal to the KEASYBOARD speaker. An
additional, 8-bit output latch is provided for
activating the required matrix switch. Six bits
are sent to the matrix decoder while the remaining
two bits control the OPEN-APPLE and CLOSED-APPLE
keys directly. All the above control signals are
assigned in firmware and can be altered for other
microcomputer systems.

A powerful customized keyboard mode is available
for individuals who frequently enter the same set
of command words or phrases. Firmware tables can
be set up with specific words and phrases during
manufacturing to enable the individual to output
word/phrases with only two key accesses(one key

to select the auxillary keyboard mode and a second
key to select the phrase).

ES E6 E7 E8 E9 EW EH
@® LED POSITION Ommm — — —*LIGHT PATH

FIGURE 2: Infrared LED and phototransistor pair
array giving 65 key selections on KEASYBOARD.
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ITI. CONCLUSION

Initially five units have been constructed for
preliminary evaluation on Apple 2e systems. Future
work will involve development of personality mod-
ules to allow interfacing to Apple 2+, Apple Z2c,
IBM PC, Commodore 64 and Vic 20 microcomputers.
The KEASYBOARD is currently being manufactured by:

Parallel Systems
P.0. Box 58435, Sta. L
Vancouver, B.C., Canada V6P6K2
(604) 261-4106
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A MYQELECTRIC B/E PROSTHETIC SYSTEM FOR YOUNG CHILDREN

CALDWELL, R.R., BUCK, C.S., LOVELY, D.F. and SCOTT, R.N.
BIO-ENGINEERING INSTITUTE, UNIVERSITY OF NEW BRUNSWICK

Abstract

This paper describes a system of modular
myoelectric control units designed for use with
Systemteknik and Steeper electric hands. The
development began with a myoelectric control
designed for infants wusing the Systemteknik
electric hand but was quickly expanded to
incorporate myoelectric control medules designed
for use with Steeper electric hands for young
children. Design objectives include; improved
cosmesis, reduced weight, ease of fitting, choice
of two or three state control, and efficient use
of battery power by the electric control module
and the electric hand.

The resulting designs meet these objectives, The
modular forearm segments are injection moulded of
caucasian colored polypropylene. The built-in
battery types have injection molded battery cases
of fluoro plastics to withstand high temperatures
and these types are rechargeable in 1/2 hour or

Pa=L

Background

From the experiences of Rolf Sorbye of Orebro
Sweden, it became evident in the early 1980's
that it was possible to fit very young children
with myoelectrically controlled prostheses using
existing adult controls and hands(l). Sorbye
demonstrated that these young children could
effectively control their prostheses at the young
age of 18 months and that in later years their
use was very spontaneous and natural compared to
children fitted at older ages.

Introduction

In 1982, the Bio-Engineering Institute's
Prosthetics Research Centre started a similar
program of fitting young infants using adult
sized myocontrol units from Otto Bock and UNB,
and the Systemteknik hand developed in Sweden for
Rolf Sorbye's patients. Similarily, we are
seeing the same spontaneous and natural use of
their myoelectric prostheses at these young
ages(2). From our experience it was evident that
existing controls used on these infants and young
children were not appropriate in size or function
as seen in figure A,

Modules for short and long B/E child amputees
have been developed by the Institute, These
control modules were designed with the following
objectives;

a) improved cosmesis,

b) reduced weight,

c¢) choice of two state (two muscle) or three
state (one muscle),

d) choice of built-in or external battery (fast
charge option for built-in battery),
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e) battery saver feature in both opening and
closing,

f) ease of fitting (small electrode disks in the
socket with electronic circuitry located
below forearm laminating ring).

Materials and Methods

In conjunction with prototype evaluation of these
new designs, individual design features were
integrated with existing controls of other
children and adult patients to evaluate their
usefulness in the field, These features include
battery saver and battery fast charge options(3).

All U.N.B. controls manufactured today have a
built-in battery saver feature which decreases
battery consumption by 1/2 when used by an active
child. This feature is further expanded upon in
our infant design model to save power on open as
well as close.

During the past year a fast charge option for
built-in  batteries has been evaluated in
extensive lab test and on patients already using
UNB adult myocontrol units. This feature allows
the patient to fast charge the battery in 30
minutes or less during the day while normal slow
charge is used at night, For an added safety
feature, the battery housing cases of these units
are injection moulded of fluoro plastic to resist
flame and high temperature.

Figure A

(top) Otto Bock electrodes and externally
mounted battery on Systemteknik hand,

(center) U.N.B. built-in battery on same hand,

(bottom) The new U.N.B. system for infants with
Systemteknik hand.
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Thick film hybrid technology is used on all the
electronic modules to keep the physical size to a
minimum and enhance the reliability. An example
of an unencapsulated module is shown in figure B.

Figure B

All these electronic circuits are housed in an
injection moulded, caucausian colored,
polypropylene case that also makes up a portion
of the forearm of the prosthesis. A laminating
ring 1is incorporated at this level for the
prosthetist to attach the socket.

All polypropylene cases attach directly to the
different Systemteknik and Steeper electric hands
as illustrated in figure C.

Figure C

At present we are designing two electronic
modules to go with eight packaging systems for
various levels of young B/E amputees. These
packaging systems are listed in table on the next
page.
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Electric Hand Three State Two State
Control Control

Systemteknik 1. Built-in 5. Built-in
battery battery

2. External 7. External

battery battery

Steeper 3. External 6. External
battery battery

4, Built-in 8. Built-in

battery battery

Conclusion

We feel that our modular design systems will
allow numerous young patients to be fitted with
cosmetically acceptable and electronically
compatible myoelectric control units. The
electronic modules can be transplanted from one
modular case size to another to follow the
child's growth through a series of larger hands.
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EVALUATION OF CABLE VS. HYDRAULIC TRANSMISSION OF

5.2

FORCES FOR BODY-POWERED ARM PROSTHESES

Maurice A. LeBlanc, MSME, CP
Rehabilitation Engineering Center
Children's Hospital at Stanford (1)

ABSTRACT

Different combinations of steel and plastic cable
and housing were tested along withhydraulice
master/slave cylinders to determine which are
most efficient in the transmission of forces by
arm amputees from the shoulder harness to the
upper-1limb prosthesis.

INTRODUCTION

This work is part of a larger project to assess
the feasibility of improvement in body-powered
upper-limb prostheses. The first step was a
survey of arm amputees and professionals to
verify needs and priorities (2). The work
presented here is the second step.

IMPORTANCE

The survey mentioned above indicated that
function is clearly the most important feature
which arm amputees want and expect from
prostheses. Uncomfortable harness and poor
appearance are the most negative features of
prostheses as rated by arm amputees.

The force transmission system is a key factor in
the function, comfort, and appearance of arm
prostheses. Obviously, the transmission of
forces from the shoulder harmess to the terminal
device or elbow is critical to the functional
operation. It is also very impertant to comfort
because the harness takes high forces in the
axilla and elsewhere. If the force transmission
system were more efficient, the forces on the
harness would be decreased and comfort increased.
The force transmission is also important to
appearance because amputees want all the hardware
buried in the prosthesis, and it would be
difficult to bury the present steel cable and
housing without reducing the efficiency and
thereby increasing the forces necessary for
operation.

The work presented here was undertaken to
evaluate whether the efficiency of the cable
control system can be improved and if hydraulics
offer a feasible alternative.

WORK OF OTHERS

Sammons (3) reported a 15% increase in efficiency
in the steel cable and housing system by use of
the Teflon liner. Lewis (4) and Goller (5)
experimented with a hydrauliec, body-powered
system and shoulder shells vice harness, but this
work was not continued. Heather (6) and Smith
(7) developed an all-Nylon, compact, hydraulic
system for operation of a "Helping Hand"
orthosis, but this work was not continued either.
Alderson (8) reported that IBM developed a
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hydraulic system operated by the foot, but it was
considered cumbersome and was abandoned.

The work by Lewis/Goller and Heather/Smith showed
some promise, and there is no clear evidence why
these efforts were dropped. The author and
others feel that the time is ripe to re—evaluate
the use of hydraulics in light of current needs
and technology.

TESTING

As shown in Fig. 1, a test was set up to measure
the force of the following force transmission sys-
tems:

e Steel cable (Hosmer C-100) and steel housing
(Hosmer CH-100)

e Steel cable and steel housng with Teflon liner
(Hosmer CH-100HD and CHL-100)

e Steel cable and plastic housing (Parflex
polypropylene)

e Plastic cable (Ledina 66 Tennis String) and
steel housing

e Plastic cable and steel housing with Teflon
liner

e Plastic cable and plastic housing

e Hydraulic master and slave cylinders using
Clippard Minimatic components -

A standard weight of 23.1 1bs. (10.5 kg.) was
used to simulate the force required for terminal
device operation. The weight was lifted
measuring each of the force transmission systems
on a straight line and then over a 2.25 I, {57
cm.) radius at bends of 90°, 180°, 270°, and 360°
to simulate operation with various cable
routings. Force to pull was measured with a
dynamometer, and efficiencles were calculated.

RESULTS

The efficiencies of the various force systems are
shown in Fig. 2. 1In every case, the plastic
cable was equal or higher than the steel cable,
and either cable in steel, unlined housing was
the lowest. The best cable combination was the
plastic cable with the steel housing and Teflon
liner.

The hydraulic system has a bullt-in frictional
loss in the piston seals in the cylinders, which
was 10% in the case of the standard components
chosen for test, However, the system efficiency
remained at 90% for any routing of the hydraulic
line.

CONCLUSIONS
The plastic cable riding in the Teflon-lined

steel housing offers the highest efficiency of
cable systems tested, being 90% at 180° and 81%
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Eval. of Cable vs. Hydraulic

Figure 1. Test setup showing a cable system on the left and the hydraulic system on the
right. Dynamometer used on all tests is shown on the left.

at 360° of cable routing. The durability of this
combination remains untested.

The hydraulic system offers a constant 90%
efficiency over any routing of the hydraulic
line. Therefore, for situations where a cable
must be routed through greater than 180°, the
hydraulic system is superior in efficiency and
would require lower forces by the amputee on the
shoulder harness. Also the durability of a
hydraulic system :should be good. Smith tested
his system successfully in a cycling machine for
a period equivalent to 26 years of amputee use.

The hydraulic system appears to have a good
potential for use as a force transmission system
for body-powered upper—limb prostheses. As well
as low frictional losses and high durability, it
offers good sensory feedback and possibilities
for mechanical advantage in force or excursion by
using different sized piston actuators.
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Figure 2. Results of tests showing efficiencies of force transmission systems at various
angles of cable routing.
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AN APPLICATIGN OF AESTHETICS IN THE USE OF A ROBOTIC ARM

Margo K. Apostolos, Ph.D.
Rehabilitation Research and Development Center
Palo Alto Veteran's Administration Medical Center
Palo Alto, California

ABSTRACT

An assessment of attitudinal changes of selected
quadriplegics in response to the presentation of
two orientation programs on the use of a robotic
arm was the focus of this project.

The whole study can be conceived of as a series of
investigations of the hypothesis that aesthetic
movement of a robotiec arm can affect an
individual's attitude toward the acceptance and
use of robots. As a piece of exploratory
research, this case study does not reveal
conclusive evidence to support the hypothesis.

BACKGROUND

The choreography of synchronized robotic movement
will be part of this present study which
investigates user acceptance of the robotic arm in
a rehabilitative setting., This case study
features dance choreography for a robotic arm as
part of an experimental treatment program in the
attitude assessment study. Choreography, as
demonstrated through aesthetic sequences of the
robotic arm may enhance creative discovery in a
non-utilitarian sense.

As part of this project I have attempted to
present aesthetic movement of a robotic arm, in
the form of choreographed sequences of robotic
movement synchronized with music. The mechanical
features of the staccato action of the robotic arm
are contrasted with what I have defined as
‘aesthetic' maneuvers. The aesthetic movements
feature a more sustained effort in the actions,
smoother transitions from point to point, curved
lines replacing many of the straight and sharp
angular motions, and a varied sequence in the
timing of movement phrases to break up the
constant speed characteristic of the practical
patterns of movement. The aesthetic maneuvers
explore the related movement elements of the

action quality, flow, shape, and timing in various
movement phrases.
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In this project, a combined effort works to
integrate the sounds of music, the forms of
sculpture, and the motions of dance. The idea of
choreography of synchronized robotic movement has
been developed as part of the experimental
aesthetic orientation session and demonstrates the
aesthetic dimension of the robotic manipulator
aid. Choreography, the art of making dances, uses
dance as a series of rhythmic motions in time and
space to express ideas through movement. The
connotation of dance and choreography suggest
direct human involvement or participation in the
movement sequences; hence, the very idea of a
robot dancing may seem self-contradictory, The
human element is involved in the programming of
movement sequences for the robot; however, a
'dancing' robot and robotic 'choreography' may be
used only as metaphor, The proecess of
choreographing for a robotic arm combines a
logical approach with a sensuous approach in a
blend of artistic-scientific creativity.

METHODS AND PROCEDURES

Seven quadriplegics, who may eventually make use
of a robotic arm, were the subjects for this
study. A coin toss divided the subjects randomly
into two groups: Group A and Croup B. All
patients received a standard orientation program
and one group also received a supplementary
aesthetic orientation,

The Supplementary Aesthetic Treatment Session

The aesthetic orientation focused on a general
introduction to the design of robots as part of
the technological revolution in our society. This
introductory session included individualized
instruction, a slide presentation, and video-taped
sequences of synchronized robotic movement, This
program has been developed to reduce robot anxiety
and increase robot acceptance by presenting
aesthetic features associated with robotic
movement .

The lecture provided a brief explanation of how
robot technology has been developed and the
robotic arm and was introduced during this portion
of the presentation. The presentation also
illustrated:

1) the evolution of robots from fiction to
fact

2) the robot as part of advanced technology
and an object of art
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3) selected works of modern sculpture to
- illustrate the changes in materials and
structures of art objects

4) principles of the Bauhaus School union of
art and technology were emphasized
through the work of: Kandinsky,
Schlemmer, Moholy-Nagy

5) products of dindustrial design to
illustrate the aesthetic design of
utilitarian products

6) work of kinetic arts will be related to
the 'machine aesthetic' as an outgrowth
of the Bauhaus

7) the growth of the Bauhaus influence in
the area of industrial design and
architecture

8) the concerns of industrial designers in
the aesthetic design of ordinary products
will be compared to the movement of
robots - video-taped segments of
synchronized robotic movement
choreograped for the robotic arm will be
presented. The choreographed pieces
included:

"Waves" - choreography by Margo K.
Apostolos, music by Sandra Cotton

"Stardance" - choreography by Margo K.
Apostolos, music by Sandra Cotton

"Freeflight" - choreography by Margo K.
Apostolos, music by Gwendolyn Watson

COMMENTARY ON THE RESULTS
The investigation of the results presents the
differences between two groups on each of the
following variables:

1) familiarity with computers

2) wuse of computers

3) positive feelings toward computers

4) improvement in feelings toward robots

5) decrease in robot anxiety

6) dincrease in robot acceptance

Does the aesthetic movement of a robotic arm

affect an individual's attitude toward the
acceptance and use of robots? While the
differences between the two orientation programs
were not significant for all six variables, the
scores are moving in the right direction, The
aesthetic orientation appears to be more effective
on the computer related variables.
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5.4 A MECHANISM OF ELECTRI CAL POWERED SHOULDER ARM
E WI TH A DOUBLE LI NKAGE

s
Hiroshi ITOCH,

#¥% Sigenobu ISHIGAMI

Yukio SAITO, Takanori HIGASHIHARA, Toru OSHIMA,

(*Tokyo Denki University,**National Defense Medical College)

ABSTRACT

This paper reports a new type shoulder
mechanism which can be minimized the torque of
a driven motor to the arm's weight and the loads
by using a double linkage mechanism.
Especially, for the physically handicapped person
with both arms cut off, the tobtal arm prosthesis
is required as follows; )

1) We have never developed a simple shoulder
mechanism. If the function of arm increases,
it will become heavy and large. And then, it
will become difficult to model on natural arms
for the external appearance.

2) This shoulder prosthesis has independently
driven motors. It is very difficult to control
freely for the handicapped person.

We have developed a new type shoulder
prosthesis in consideration of these problems.

1) A double linkage mechanism to the shoulder
joint is very simple, smart and functional.

2) This control system with one-tip micro-
computer and new LSI and power IC are small.
Consequently, this prosthesis can be controlled
with only 6 switches for a new model control
method.

SHOULDER MECHANISM

The actuator must be taken as large as the
action of moment, as the multi-joint of robot,
manipulator and total arm prosthesis are attended
with an inevitable fault which has large action
of the moment of inertia to the first joint.

Figure 1 shows the principal mechanism of
a new shoulder prosthesis. The edge of ball screw
is fixed to the socket by the coupler of swivel
block, and the nut (D) is held to the connecting
rod. When the movement of figure 1 is flexion
and extension, the movements of abduction and
adduction can be gained by the change of position
at 90 degrees of the same mechanism of the swivel
block in common (A).

The location of the shoulder with respect to

Ye

/R

Figure 1 Principal mechanism
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Figure 2
the origin is defined by the motion of the elbow
in space as shown in figure 2.
The components of the elbow position can be
erxpressed ag;

LY [IR-SINcl-COS ¢
Mi=[IR-SINOGISING| ...uven 41 )
N -R-C0S &

A position angle of ol moves the upper arm
to flexion, and position angle of ¢ raises the
arm to abduction.

Where,

R = Length of upper arm

And moment of the elbow is given as follows;

U1=D2/R- M7+ TANCACOS (LA +D2°-B1%)/(2-LA-D2)))
U2=E2/R- M7+ TAN(ACOS ( (LB*+E2%-B2%)/(2-1B-E2)))

whe re 5 . EmdmaEa e ( 2 )
Ui : Moment of the shoulder flexion
Uz : Moment of the shoulder abduction
Dz : Length from the original point A to
the nut of the shoulder flexion
E2 : Length from the original point A to
the nut of the shoulder abduction
Bi, B 2: Distance of each heel size
LA, LB : Length of each connecting rod
M ¢: Transfer torque by own actuator
Clearly, we have a maximum value at shoulder
flexion (40°) as shown in figure 3.
Namely, the optimum motion of the shoulder arm
could be established in the position of maximum

torque in the center of the movement area of daily

life.

MECHANICAL SPECIFICATION

The structure for this new type arm is shown
in figure 4. This arm has five degrees of
freedom. It is composed of a shoulder joint, a
elbow joint, a forearm and a hand.
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Table 1 shows these areas of motions and
the weights of screws, gears, shafts, etc. are
included in the weight of each part. The frame
is made of carbon fiber-F.R.P. to lighten it.

Table 1
T
BEAM PART MOVEMENT DEGREE |WEIGHT | LENGTH
4Lexion . o
L 115220152 | T.2Ke 295mm
1 |shoulder %
abduction 115°_750
adduction e
fLexion 3 5
7 |elbow Syt 0°~120° 0.77Kg | 280mm
pronaticn o
fonearm supdlnation ]OOIUO°
3 |4ingens | apen | 120 [o.1skg [ 94mm

CONTROL SYSTEM

In general, if each degree of freedom is
independently powered by its own motor, then a
control system can be developed to co-operative
motions in a variety of ways. Figure 5 shows
a block diagram of this control system which
developed as the prosthesis controller of the
various function generators. The prosthesis
controller contains two one-tip microcomputers,
memories, five motor driver I.C, the mechaniecal
switch, and the interface for a limit switch.

Figure % Shoulder prosthesis
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Figure 5 Control system

So that, this system is very small, simple and
light. Two electric power surces are utiliged;
one is obtained from an alternating current for
fixing and the other from Ni-Cd battery for
transfer.

CONCLUSION

The feature of this prosthesis was to develop
a double linkage mechanism of 2 degrees of freedom
using a screw for the shoulder which had been
one of problems. As we used the iron and aluminium,
the weight became 2.1 kg. Therefore, the light
weight is possible in case of using a carbon fiber
etc. And then, the miniaturization became
possible by using 6805 to the microcomputer units
in controller.

We think that this is the new type prosthesis
which lies in the middle of high functional
prosthesis as a simple electrical arm.
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6.1

REAR CASTER WHEELCHAIR DIRECTIONAL

INSTABILITY

James J. Kauzlarich, Ph.D. and John G. Thacker, Ph.D.
University of Virginia Rehabilitation Engineering Center
Charlottesville, Virginia 22903

ABSTRACT

The directional instability of a
wheelchair is shown to depend on the
placement of the caster wheels and,
consequently, the relationship between the
center of gravity on the wheelchair and the
fixed wheels. With the center of gravity
in front of the fixed wheels (conventional
arrangement), the wheelchair is
directionally stable. However, when the
center of gravity is behind the fixed
wheels (rear caster arrangement), the
wheelchair is directionally unstable, and
the user must take corrective action in
order to move in a straight line. A simple
analysis for the control of a rear caster
wheelchair is presented, and the
fundamental variables of the problem are
established.

INTRODUCTION

The problem of directional stability
of a vehicle is not new, and there have
been several papers on the subject of
aircraft landing gear design in which the
problem of directional stability while
taxiing has been discussed. For example,
in 1942 Jenkins and Donovan [l] observed
that the distance of the main wheels aft or
forward of the center of gravity is one of
the most important dimensions of a landing
gear. This design variable influences the
directional stability, longitudinal
stability, resistance to overturning, and
loading of the wheels. They point out that
a conventional (castered tailwheel) landing
gear is unstable and that tail rudder
control and wheel braking are necessary to
avoid ground looping, whereas the tricycle

landing gear is always directionally stable.

THEORY

In textbooks on the design of the
airplane under the subject of landing gear
layout, it is shown that directional
stability of tailwheel versus nosewheel
caster wheel placement depends upon the
position of the center of gravity of the
vehicle with respect to the fixed wheels.
For example, Stinton [2] shows that the
aircraft has directional stability on the
ground when the center of gravity is ahead
of the fixed wheels (tricycle). In the
case of a conventional wheelchair as shown
in Figure 1, an automatic correcting
moment is developed by the fixed wheels
which causes the wheelchair to return to
rolling straight ahead when it happens to
be deflected sideways by the road surface.
The wheel force Fp has been found to be
proportional to the angle &, e.g., see
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\ motion

FIGURE 1 STABILIZING MOMENT FOR
COVENTIONAL WHEELCHAIR

Moreland [3]. The distance A which is
measured perpendicularly from the fixed
wheels axle to the center of gravity of the
wheelchair depends on the loading and wheel
layout. Translating 2Fp to the center of
gravity gives a resultant force 2F, and
moment M = 2AFp, Where the moment is in the
direction to cause the wheelchair to return
to the line of motion.

For a rear caster wheelchair as shown
in Figure 2, the moment at the center of
gravity due to the front fixed wheel forces
2Fp is in a direction which will cause the
wheelchair to turn away from the intended
direction of rolling. Thus, the wheelchair
is directionally unstable, and it is
necessary for the user to exert a
corrective force on the hand rim or apply
corrective torques with the joystick of an
electric wheelchair controller. From this
simple description of the problem, it is
obvious that reducing A as much as possible
will make the rear caster wheelchair easier
to control but not eliminate its
directional instability.

CONTROL PROBLEM

It is interesting to look at the rear
caster wheelchair control problem from a
dynamic point of view in order to determine
the important control variables. The
problem in its most elementary form
involves a rotating mass with a polar
moment of inertia, J, driven by a moment M
= 2AFp = 2ACo = C19. Assuming that the

wheelchair is turned away from its line of
motion by a bump in the road to &, and no
corrective action is taken for a time tj«
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\ motion

DESTABILIZING MOMENT FOR REAR
CASTER WHEELCHAIR

the differential equation of the system and

FIGURE 2

resulting angular motion to time tj is
shown below.
a%g
T = 2.8 = 0
a2 1 (1)
The solution to (1) is:
_ Bo 5 S,
8 = 5= (exp((Cy/3)°t) + exp (- (Cy/7) *£)) (2)

At time tjr the angular position, velocity
and acceleration of the wheelchair is found
from (2).

i B
R i

1

(exp((Cy/3) %)) +
(3)
exp(-(C,/3) * )

22(c,/3) % (exp ((Cy/3) ) -
! (4)

exp{—(Cl/J)%tl))

5t=

.=

B = fC T
t 1 ty (5)

At time tj, it is assumed that the
user applies a restoring torque T to the
wheelchair through the fixed wheels. Now
the differential equation is given as

follows,
2
AL C 8 = -T (6)
dt?
The initial conditions are given by

equations (3) and (4) and the solution to
equation (6) is
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(L") = %(eoexp(tl/TJ (T/Cy))exp(t'/T) +

5(6pexp (-t /1) - (T/Cq))exp(-t'/1) + T/Cy

where t' is now the time beginning from the

delay time t; and T is the time constant
of the system

o= (LG ARy (8)

Clearly it is intended that 6 =
some time t'/T , which gives

0 in

Boexp ((t1+t') /1) + Beexp(-(ty+t') /1)

T/Cl 5 exp(t'/T) + exp(-t'/1) -2
T/Cl = mBoexp(t,/1) (10)
A plot of equations (2) and (7) for a

control delay time equal to one time
constant and for two magnitudes of
restoring torque, i.e., T/Cy = met1 where m
= 2.2 and 2.04, are shown in Figure 3. The
plots assume that the restoring torque is
constant whereas one would decrease the
restoring torque (shown as T--0) when the
wheelchair turns toward the line of travel
in order not to overshoot the straight
ahead position. Since there will be other
inadvertent deflections of the wheelchair
due to the terrain or other interaction,
the control problem keeps repeating itself
and the user will soon find this
directional instability problem extremely
fatiguing. Automatic controls in an
electric wheelchair's controller can be
used to overcome the problem.

.y 2
g }‘
S~
L2}
=
o
=
8 2| 3 T/C = 2.04 8,
a )
% | T/C,m228,
=2
o
=1
CONTROL
— DELAY ——q T-=0
TIME
i

) 10 1 2 3 4
TIME CONSTANT FACTOR n

REAR CASTER WHEELCHAIR CONTROL
CHARACTERISTICS

FIGURE 3
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REAR CASTER INSTABILITY

CONCLUSION

It has been shown that a rear caster
wheelchair has an inherent directional
instability problem. The controls
necessary to overcome the instability are
seriously debilitating for the user of a
manual wheelchair but are feasible for an
electric wheelchair. The analysis
indicates a need for an experimental study
of the problem, and results of such a study
will be presented in a future paper.
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ABSTRACT

far the downhill turning
WE on a Z-degree side slope
retarding force

the rolling drag

Compensation
moment af a
resulty in a

approximately equal to

of a WC on a level surface. The total
drag Force on the WC while traversing a
sloping suwface is, therefore, roughly
double the ralling drag. In contrast,
the net energy cost of propulsion on this
side slope is only 30% greater than for a
level surface. Side slope propulsion is

managed by "dragging" the uphill rim

while pushing the downhill rim. Although
this results in increased mechnical
afficiency thirough greater use of a
smaller muscle mass, it is more difficult

angd tiring for the user.

INTRODUCTION

The relative ease (ar difficulty) in
propelling a wheesl chair (W) wi t:h
handrims is dependent on a number of

factors. Included among these are such
variabl es as the weight, physical
dimensions, and materials of the WCy the

physical
uset, the
dimensions,

dimensions and capacities of the
compatibility of WC and wser
and external factors such as

the texture, hardness and slope of the
suwrface upon  which the WD is operated.

All of these factors have been elaborated
to SOmE degree by a number e

investigators.
efforts by
quantify the

Despite impressive
var i ous investigators to
effects of these different

factors there remain a substantial number
af significant problems. Much  of the

difficulty in improving WC performance is

a resul t of the interaction of the
variables mentioned above and ‘the tact
that improvement with respect to one
factor often results in undesired changes

in others.
0 DEGREES

One problem of nearly universal
applicability is the downhill turning
tendercy an sloping suwrtaces. This
results from the characteristic mass
distributiaon of a Wwe and occupant
relative to the wheel orientation and the

fact that nearly all outdoor, improved
surfaces (8.9.,streets and sidewalks) are
aloped tor  drainage. 1. is arguable
whethear this phernomenon  is  the most
significant probhlem in WC mobilitys
however , it was identified as such in a

National FReport on  technology for the

handicapped. (1Y While most WC users and
others familiar with problems of WC
mobility would likely agree that this is

significance very little has
hed beyond ddentification
as a problem.

a problem of
heen accompli
of this effect

The Broblem

of the present investigation
ntify and gquantify the factors
stability of manual

The purpose
was  to  ide
atfecting direction

WCe e wieven and sloping surfaces and to
recommend potential means of controlling
WCs.

METHODS

Drag forces were e mined for two
different WCs at 2 and 4 bkm/hr on a
motorized treadmill with the bed level
and  with the bed inclined laterally at 2
degreas. Th 3 M wements W e
determined with the WCs tethered to a
load cell attached to the front frame of
the treadmill. The measurements were
made with the te subject seated in the
WCs. The WCs were eered’" for the
slope condition by having the subject
apply a resistive force to the uphill

handrim.

2 DEGREES

"STANDARD" WC "SFPORT" WE "STANDARDY WC "SPORTY WE
Speed kn/hr it 4 & & 4 5 i}
Drag N PR -1e] 7.94 b4 62 &. 78 BE.SE I8P 14.70 15,48
Fower W [t He 85 Sl B «Th 1550 1&.899 R 14,97
Strokes/min 41 44 41 45 42 47 42 44
Heart Rate 88 1 a9 86 103 1064 94 100
VOZE net L/min v T o B .28 o PR § e i)
Energy Cost W 83.7 104, 6= SwiBh  GFLEE 118.59 129.05 F4.17 122.07
Mech. Eff. % T2 8.45 Vi 7:95 Lt M 1 12«61 FRLRE
VO2/Dist. L/km 4.8 4.5 4,2 4.2 &.,2 c L) 5.4 Pl

*V02 rest = .19 L./min, H.R.

rest = 69 beate/min

TABLE 1. Wheelchair Drag and Propulsion Data for Level and Sloped Surfaces.
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EFFECTS OF SIDE SLOPE

Each of the above conditions was repeated
with the subject propelling the WCs at
the pace set by the treadmill. The

subject’s
and stroke
propelled

oxygen consumption, heart rate,

rate were determined while he
the WCs. The exercise bouts
were conducted over S-minute periods with
the measurements determined for the 4th
and Sth minutes.

The subject was an athletic 20-year old
male paraplegic (T12,L1). The WCs used
were a “standard" model with the rear
axle located on the rear vertical frame
member and a "sport" model with
adjustable axle. The axle position used

for the latter WEC was 2.9 inches in front
of the rear vertical frame member. This
WC also had a 3 degree camber in each
drive wheel.

A static analysis of the 2 degree slope
condition Was made to determine the
downhill turning  moment to  provide a

basis for conparison with the results of
the drag tests.

RESULTS

The results from the drag tests and
exercise tests are presented in Table 1.
An  inspection of this table reveals that
drrag was approximately 12% higher for the
tetandard” WC., Drag was higher for the 4
km/hr  condition on the level swface but
was higher {or  the I km/hr condition on
the sloped surface for both WCs. Further
inspection of Table 1. reveals that the
drag was roughly two times as large for
both WCs at both speeds on the sloped
surface as it was on the level suwface.

The physiolgical effort required for the
various conditions is reflected by the
respective oxygen consumptions and heart
rates. Both of these values were
ordinally consistent with the power
requirements  determined for the different
conditionss however, it can be seen that
the oxygen consumption increased by oanly
about 30% from the level condition to the
slope condition while the power required
to propel the WCs increased more that
100% with respect to these conditions.

These differences correspond necessarily
with the mechanical efficiencies for the
Various conditions since the percent
efficiency ie¢ based on the ratioc of power

required to energy cost. According to
this definition, efficiency of propulsion
on the sloped surface is higher. When
"efficiency” is interpreted as the ratio
of net oxygen consumption (o energy
cost) to distance traveled it can be seen
that propulsion on the level surface is

more "efficient".
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Figure l: Static Analysis of
Downhill Turning
Moment
The Afactors which produce the downhill

tuwrning effect are identified in Fig. 1.

These factors include the slope (8), the
moment  arm of the c.g. about the downhill
wheel €13 the mass of the WC and

ococupant (m) and the distance between the
wheels at the surface (d). Therefore,
downhill

turning moment = mgl sin &, and,

drag on uphill wheel = (mgl sin &)/d.

I+ 1 = .13 meters, m = BO kg., d = .5é
meters and @ = 2 degrees, then,

downhill turning moment = 4.1 N.m.,

and,

required drag for uphill wheel = 7.3 N.
The drag for a WC with the above

dimensions on &
the sum
necessary
moament

2 degree slope would be
of the rolling drag and the drag
to counter the downhill turning
(i.e., rolling drag + 7.3 N.J).

"Standard" WC "Sport" WC

SFEED = 4 = 4
(N)Y  8.37

T SB

8.05

TARLE 2q Differences in Drag
Eetween Level and Slope Conditions

Forces

The respective differences in dr-ag
determined for the level and 2 degree
slope conditions are presented in Table
2. It can be seen that the average
difference for the Ffour conditions is
TaZ M It can also be seen that the
differences are less +or the 4 km/hr
condition for both WCs.
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EFFECTS OF SIDE SLOPE

DISCUSSION

An  increase in drag due to the side slope
was anticipated: however, the magnitude
of this increase was somewhat surprising.
The correspondence of the experimental
results with the predicted value based on
static analysis would appear to canfirm
the accuracy of these measurements. The
higher drag wvalues at the I km/hr speed
for the slope condition is attributed to
more frequent and higher amplitude
oscillations from the line of
progressicon. This was evident from the
analog recordings of the forces with
respect to the different speed conditions
and was also consistent with subjective
observations.

The higher mechanical efficiency obtained
for the side slope conditions may be
attributed e the mor e favarable
conditions with respect to the
force-velocity relationship of the
muscles and also to the fact that only
one arm was utilized for propulsion. The

the latter is in part a
only one arm active in
The recovery phase
for 754 of the strake
time and consumes metabolic energy but
does not produce any work . This
explanation is reinforced by the Ffact
that the stroke freguency was nearly
constant for all test conditions.

significance of
result of having
the recovery phase.
typically accounts

When
traveled is

the ratio of energy cost to distance
ueed as the efficiency
criterion it can be seen that propulsion
aon  the level surface is more "efficient!.
This measure ot etficiency is also
consistent with the perceived effort by
the subject for the different conditions.
from both the static
experimental resul ts
turning moment and,
carrespondingly, the power requirement
are decreased by moving the rear axle
position closer to the (5P 5= and
increasing the effective wheel width
dimension with camber.

evidant
analysis and the
that +the downhill

It is

Two potential
eliminate the

design solutions to
side slope effect are the
Cog. WC (c.g. positioned over the drive
axle with casters in front and back) and
"steerable" casters. Although a properly
balanced c.g. WC eliminates side slope
effect it also eliminates the directional
stability or ftracking tendency of the WC
and, therefore, requires nearly constant
steering corrections. An acceptable
"steering" mechanism For casters would

not require manual control or it would be
self-defeating. This effectively reduces
the options to a weight shift mechanism.
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based on weight
shift to control the casters are under
consideration at the WUA-REC. A design
by MclLaurin and Stapleton which utilizes
a novel suspension mechanism on a S-wheel
undercarraige has been developed to the
prototype  stage. This design works quite

Two different concepts

well but would be difficult to adapt to a

4-wheel configuration.
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STRESS ANALYSIS OF WHEELCHAIR FRAMES

John G. Thacker, Beth A. Todd and Tamara D. Disher
University of Virginia Rehabilitation Engineering Center
Charlottesville, Virginia 22903

ABSTRACT

In previous stress analyses,
wheelchair frames have been rigidly modeled
with uniform load distributions. The non-
uniform load distribution in this analysis
was determined experimentally. A three-
dimensional, finite element model was
developed which modeled the folding
capability of three commercially available
manual wheelchair frames, After further
experimentation, the stress distribution
determined with the finite element model
was verified experimentally. From
analyzing the stress distributions and
geometries of the three frames, design
recommendations are made.

NTR TION

In the literature, studies exist on

the application of computer aided
technigques to the design of tubular
wheelchair frames [1-2]. These studies

describe either static, modal or transient
analysis. Results of these studies usually
indicate that the wheelchair frames are
sub-optimally designed with respect to
strength and that reduction in weight could
be accomplished by redesign. These
analyses have ignored two important
technical points: 1) the accuracy of the
loading schemes and 2) the accuracy of the
three-dimensional model. The loading scheme
most commonly used has been a uniformly
distributed load over the sling-seat
supports. The three-dimensional models used
were rigid frames that did not allow for
the joint release which represents a
foldable design. Both of these points are
discussed in this paper.

Experimental tests at the University
of Virginia Rehabilitation Engineering
Center have shown that the actual loading
is not uniformly distributed over the sling
seat supports. The experimental technique
used to measure the actual loadings 1is
discussed. Using the experimentally
determined loads, a computational three-
dimensional static stress analysis was
pecformed on models of three commercially
available, manual wheelchair frames. With
additional experimentation, the models were
verified. The ANSYS computer code, a
general purpose finite element package, was
used for the analysis. Results from rigid
and foldable models of wheelchair frames
are compared, The onset of yielding is

also discussed. By analyzing the
similarities and differences of the
computed stress and strain data and

wheelchair geometry, recommendations are
made for future designs.

84 RESNA 8th ANNUAL CONFERENCE

METHOD

1. Wheelchair Frame Loading

A Stainless Sport wheelchair was
instrumented with strain gages to measure
the strains produced when the chair was
loaded with both live subjects and test
dummies., The live subjects weighed 142 and
170.5 lbg with respective heights of 66 and
73 inches. The test dummies consisted of
the ISO standardized dummy [2] and a 72 kg.
anthropometric dummy.

The sling-seat and seat back of many
folding wheelchair designs are attached to
the frame by screws. The loads due to an
occupant in the seat are transmitted as
applied forces rather than distributed
loads at these screw locations. The loads
were assumed to be equal on the left and

right sides of the wheelchair. Due to the
catenary nature of the seat fabric, each
force is directed at an angle measured

from the horizontal. Each force produced a
torgue on the frame which was measured with
a strain gage bridge. Torque data was
reduced to determine the in-plane forces at
the screw locations. Axial loads at the
screw locations were measured with
additional strain gages.

The locad on the footrest plate due to
an occupant was resolved into a single
force vector acting normal to the plate
surface. By measuring two bending moments
on the footplate support tubes and using
the angles of inclination of the foot
plates, the loading was determined.

2. Computer Model

An accurate finite element model of
a wheelchair frame is needed to predict the
structural response of the frame geometry
to particular load inputs. A finite
element model of a Stainless Sport
wheelchair containing 220 nodes and 202
elements was developed for use with ANSYS,
a large scale, general purpose, finite
element computer package. Models of an
Everest and Jennings Premier wheelchair and
an Invacare Series 900 wheelchair were also
developed.

Four types of elements were used in
the models: three-dimensional beam
elements, three-dimensional pipe elements,
rectangular shell elements, and laminated
shell elements. At several locations on
the wheelchair frames, there existed
physical situations that could not be
modeled by simply connecting elements
together(i.e., a tube within a tube,
rotating tubes, etc.). These situations
exist due to the folding capability of the
frame. Specific areas given special
attention were seat back tube attachments,
back seat corners, front seat corners, and
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STRESS ANALYSIS OF WHEELCHAIRS

bottom horizontal tube connection to the
cross-brace, Figure 1.

The wheelchair models were constrained
at the front caster axles, the rear wheel
axles and at the cross brace connection
bolt. The front caster axles were
constrained in the X-coordinate and Y-
coordinate directions, The rear wheel
axles were constrained in the Y-direction.
The cross brace connection pin was
constrained in the Z-direction and also
constrained not to rotate about the X-axis.
The global coordinates are shown in Figure
24

The wheelchair computer model was
statically loaded at the seat screw
locations with the experimentally
determined values. Node displacements and
element stresses were determined using
ANSYS.

Lower Horizontal Tube Assembly

-

FIGURE 1

INVACARE 900
SERIES WHEELCHAIR

. o=

\

STAINLESS SPORT
WHEELCHAIR

)

EVEREST & JENNINGS
PREMIER WHEELCHAIR

FIGURE 2 Side View of Three Frame Models
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RESULTS

The accuracy of the computer model was
verified experimentally. Strain gage
rosettes were mounted on the Stainless
Sport wheelchair at the cross tubes and the
area behind the caster forks.
Computational and experimental principal
stresses are shown in Table 1. The
difference between the two types of
stresses was less than 20% in all cases.

TABLE 1
NODE Model Experimental
(psi) (psi)
65 12;452 11#525
68 9,563 10,511
69 9,295 8,973
72 12,002 10,488
103 2,276 2505

With the wheelchair occupied, the
percentage of total body weight on the
footplate and seat screws is shown in
Figure 3. The areas experiencing the
highest stress due to static loading
included the horizontal seat tubes and the
crossbars on all three wheelchair frames.
This part of the frame supports and
transmits a majority of the torsional and
bending loads to the rest of the frame,
Stresses in this area reach a maximum at
the cross brace bolt location in all three
wheelchair designs,

HT. 26
e
a8
R,
N i
11 isuBJECT T2
| ’
| HT, 73
————
SRS
R
~N L

FIGURE 3 Wheelchair Scat Load Distribution

Establishing yielding as a criterion
for failure, a safety factor can be
calculated for each node location using the
distortion energy theory of failure., The
principal stresses generated by the
computer model on the cross tubes are given
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STRESS ANALYSIS OF WHEELCHAIRS

in Table 2. A safety factor based on the
yield strength of UNS S30400 stainless
steel (Yield Strength = 35,000 psi) is also
listed.

TABLE 2
FRAME MODEL MAXIMUM STRESS SAFETY FACTOR
(PSI)
E &J 22,097 1.58
INVACARE 21,561 1.62
STAINLESS 22,859 1.54

Although the factors of safety are
approximately one and a half, these values
consider only static loading. Also, there
exists on the three frames a transverse
hole in each of the crossbars at the bolt
location. The presence of these
discontinuities magnifies the stress
distribution.

vValues of the stress concentrations
are dependent upon the type of loading and
the geometry of the discontinuitv,. The
stress concentration factors used with
these particular computer models were Ki=
1.90 and Kgg=1.42. With these stress
concentration factors, the safety factors
were computed to be approximately 0.83. 1In
all cases, the area around the bolt holes
on the crossbars possesses a high
likelihood of yielding due to static
loading.

Maximum stresses on the cross tubes
were computed for four variations of the
Stainless Sports wheelchair model. The
variations consisted of combinations of
released and rigid joints and applied and
distributed loading. Resulting stresses
for each case are listed in Table 3.

TABLE 3
Maximum Stress (psi)
Released Joints - Applied Load 22,859
Released Joints — Distributed Load 23,647
Rigid Joints - Applied Load 22,441
Rigid Joints - Distributed Load 22,312

although most folding wheelchair
frames are similar, differences in design
exist. Sside views of the three frames
evaluated are shown in Figure 2. Armrest
shape, front vertical tube placement and
the crossbar connections vary among these
three wheelchairs.

The differences among the armrests on
the three frames did not greatly influence
the response of the frame. Armrests merely
supply a small degree of dimensional
stability to the frame.

The front vertical tube on the
Invacare frame is located further back than
either the Stainless or Everest & Jennings
models. This tube supports the second
upper horizontal seat tube. Unlike the
Everest & Jennings and Stainless
wheelchairs, this tube provided no vertical
support to the seat support side rails. An
increase in the stresses experienced on the
second horizontal tube was observed. The
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magnitudes of the stresses were over twice
those found on the Everest & Jennings and
Stainless frames at similar locations. The
advantage of this support was that it
decreased the stresses experienced on the
area of the side frame adjacent to the
front caster assembly. Stresses in this
region were smaller primarily due to a
significant reduction in the bending stress
at the location.

The Stainless wheelchair has two
vertical tubes on the back part of the
chair with the rear wheel connection on the
forward tube. The addition of the extra
tube had little effect on the stress
distribution when compared to the other
frames.

The front crossbar on the E&J and
Stainless frames connects the upper
horizontal tube on the left frame to the
lower horizontal tube on the right frame,
while the opposite occurs on the Invacare
frame. Due to the fact that one crossbar
crosses in front of the other, an unequal
load distribution occurred at the four
wheel support points. The difference was
approximately 15 percent of the total
load.

From these preliminary results several
design recommendations can be made. The
primary area recommended for redesign is
the center of the cross brace with an
overall reduction of the tube wall
thicknesses in the remainder of the frame.
Because this component carries a majority
of the seat 1loads and stress
concentrations, this area is particularly
prone to yielding. It is also recommended
that the front vertical support for the
seat tube be moved back and connected to
the lower and second upper horizontal
tubes. This serves to distribute the seat
loading to less critical areas on the
frame.
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EVALUATION OF RIDER COMFORT WITH FRONT CASTER SUSPENSION

6.4

John G. Thacker, Steven F. Gorman, and Beth A. Todd
University of Virginia Rehabilitation Engineering Center
Charlottesville, Virginia 22903

ABSTRACT

Several front caster assemblies have
been designed with energy absorption
devices to prolong the structural component
life of the casters. The effects of the
suspension forks on ride firmness and rider
comfort were investigated experimentally
and with computer analysis. Advantages and
disadvantages for each of the suspension
systems were discussed.

INTRODUCTION

Over the past several years, designs
have been presented to improve the life of
front caster fork assemblies. Being the
first part of the wheelchair to strike
objects in its path, the front caster
assembly is particularly prone to damage.
The common feature of new designs is the
inclusion of an energy absorption device.
With this device present, the damage to the
structural components of the caster is
reduced upon collision with obstacles. The
purpose of this paper is to discuss the
effects of these suspension forks on
wheelchair ride quality.

A regular stiff fork and three
suspension forks were studied. The
physical characteristics of the suspension
forks were determined experimentally.
These characteristics were used to evaluate
ride firmness and rider comfort both
experimentally and with a computer model.
Then, ride firmness and rider comfort were
used to determine the overall performance
of each of the forks.

DISCUSSICON

A regular caster fork and three
suspension forks manufactured by Davis,
Mulholland and Everest & Jennings were used
during the investigation. The designs of
the suspension forks vary with respect to
pivot point placement and the type of
energy absorption device used. The pivot
points on all of the suspension forks are
shown in Figure 1., The Davis fork uses a
compression helical spring as its energy
absorbing device. The Mulhplland uses a
beam and the Everest & Jennings uses pre-
loaded, stacked leaf springs. A
conventional fork neither pivots nor has
energy absorption devices other than its
structural components.

Static wvertical load displacement
curves are shown in Figure 2 for the three
suspension forks. Vertical spring rates
are similar, but the torsional spripg rates
vary as shown in Table 1. The variance in
torsional spring rates is due to changes in
the suspension pivot point location with
respect to the wheel axle. For example, the
Mulholland fork has a longer moment arm
than the Davis fork, 64 mm compared to 23
mm. Hence, for the same applied vertical
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load, the resulting moment about the
Mulholland pivot will be about three times

greater.
COMPRESSION SPRING 7
Vot
e
4)
Y

DAVIS FORK

RESULAR STIFF FoRK.

J-AssuMED Prvor
-TORSION” 3AR

MULHOLLAND FORK

FIGURE 1 Caster Fork Designs

o
(o]
——

rn
(=]
T

o

O DAVIS
DELY
A& MULKOLLAND

MOMENT ABOUT PIVOT POINT  (N-m)

. L
05 10 15
DISPLACEMENT (rad)

FIGURE 2 Moment Versus Fork Displacement
Table 1

FORK STIFFNESS
TYPE K¢ Boani

(N E5d) (k7 m)
Regular 753 212
Davis 153 93
E&d 1300 49
Mulholland 188 30

The helical compression spring in the
Davis fork design allows the capability of
changing the spring rate by changing the
spring. This is a desirable feature because
87

MEMPHIS, TENNESSEE 1985



RIDE COMFORT OF FRONT CASTER

different springs could be prescribed for
different rider weights to obtain the best
suspension., However, this fork design does
not allow for adequate clearance before
spring clash occurs. Therefore the softer
springs cannot be pre-loaded enough to
support the static load without contacting
the stops.

The leaf spring incorporated into the
Everest & Jennings fork permits variation
in the spring stiffness by reducing the
number of leaves. This fork uses five
stacked, pre-loaded leaf springs. The
major disadvantage of this design is that
only 8 to 10 degrees of rotation are
allowed between the stem and pivoting
caster support arms which severely limits
the suspension travel.

A finite element model developed with
the ANSYS computer code for static analysis

of the 900 Series Invacare wheelchair was
modified for modal and transient analysis,
The computer model of the wheelchair does
not include the sling seat or occupant.
Masses on the seat and back tubes represent
the wheelchair loading. Since the dynamics
of the rider are not included in the model,
resultant frequencies are lower than those
obtained experimentally.

Stout expressed ride firmness in terms
of the minimum value for the system's
lowest natural frequency (1.6 Hz.) [2].
Using this criteria, none of the three
suspension forks mounted on the Invacare
Series 900 frame yielded a ride too soft.
Experimentally, the lowest natural
frequency was determined to be 5.5 Hz.
Using the computer model, modal analyses
were run for each of the suspension forks
with the results shown in Table 2. The
lowest natural frequency from the computer
simulation was 6.5 Hz.

Evaluation of rider comfort is based
on the magnitude of the acceleration of the
center of gravity (CG) of the wheelchair.
The standard equation for comfort was
determined with data collected by Jacobson
[3] and correlated using the technigue
given by Thacker [4]. Vertical acceleration
of the wheelchair frame CG was determined
with computer analysis and with
experimentation. Plots of the CG
acceleration for a wheelchair traveling
over a 5/16 in. bump are shown in Figures 3

through 8.
Since the dynamics of the rider were
not included in the computer model,

differences exist between experimental and
computational results. Results from the
computer model with a 64 kg 1load and
damping more closely matched the
experimental data from the wheelchair
loaded with 45 kg sandbags as shown in
Figures 4 and 6. Experimental data with
the 72 kg anthropometric dummy had peak
accelerations that were twice the magnitude
over the computational results. If some
damping was present in the caster pivot,
the magnitudes of the peak accelerations
increased. Large loads were less dependent
on wheelchair speed than small loads.
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Table 2
NATURAL FREQUENCIES OF SUSPENSION FORKS
Mode Frequency (Hz)

7.62
10.51
13.83
14.59
18.48

STIFF FORK

7.29
8.39
12.45
13.68
18.04

DAVIS FORK

(S0 VSIS 0 ol U o

T2
8.37
8.85
11.54
17.43

E & J FORK

651
T=27
8.33
1.0..35
17 .60

MULHOLLAND FORK

s wN - Uewn -

From the experimental testing of the
caster forks, only the Mulholland fork
improved rider comfort as determined by
wheelchair frame CG acceleration. However,
the undamped natural frequency of the
loaded Mulholland fork is approximately the
same as the first natural frequency of the
wheelchair frame. This resulted in extreme
suspension travel and bouncing of the
wheelchair at a speed of 2 kph on flat
surfaces.

The Davis and Everest & Jennings forks
can be modified to increase rider comfort.
Insertion of an elastomeric material at the
stops will absorb some of the shock when
the forks reach full deflection.

When the natural frequency of the
front suspension is reduced, the ride is
softened and larger suspension travel
occurs. Below a natural frequency of about
10 Hz, the resulting frame CG acceleration
over the bump was increased at speeds
vetween 2 and 3 kph. Under these
conditions, the wheelchair frame is
approaching resonance. The frequency of
the one cycle forcing function of the bump
is near the natural frequency of the
wheelchair. At higher speeds, the
frequency of the forcing function was
higher than 10 Hz resulting in less frame
CG acceleration. ‘

CONCLUSION

The effects of the suspension forks on
ride firmness and rider comfort were
studied. From this analysis, it is
recommended that further changes be made to
all of the fork designs. As presently
designed, only the Mulholland fork improves
comfort. However, its natural frequency 1s
approximately the same as the wheelchair
frame which leads to excessive bouncing on
a level surface.
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7.1

THE SCOLITRON AND THE L.E.S.S. TECHNIQUE: A MODEL
FOR TRANSFER OF TECHNOLOGY AND INFORMATION

Jens Axelgaard Ph.D. and Donald R. McNeal, Ph.D.
Rancho Los Amigos Rehabilitation Engineering Center

ABSTRACT

In the mid 1970's, at Rancho Los Amigos Rehabili-
tation Engineering Center, a new method and asso-
ciated equipment was developed for the treatment
of scoliosis and kyphosis., To futher evaluate
this method at other treatment centers it became
necessary to involve industry in order to make
equipment available to other investigators. In
parallel, during the late 1970's, technology was
transferred, patents were applied for, data forms
were developed, clinician and patient manuals were
designed, papers and exhibits were presented at
conferences, a multi-center treatment program was
established, an international advisory board was
formed, and a computerized database was built,
Later, in the early 1980's, patents were issued,
FDA approval was obtained, several peer review
papers were published, seminars were developed,
and the public informed through the mass media.
Presently, 220 centers domestically and 80 abroad
are using the L.E.S.S. treatment originally devel-
oped at Rancho.

INTRODUCTION

At Rancho Los Amigos Rehabilitation Engineering
Center, during 1976-77, transcutaneous electrical
neuromuscular stimulation techniques were devel-
oped for the treatment of spinal deformities
(1,2). Subsequently, patients with progressive
idiopathic scoliosis who had refused any other
form of treatment were accepted to the Lateral
Electrical Surface Stimulation (L.E.S.S) program
at Rancho Los Amigos Medical Center (3). Using a
different electrode placement technique, but simi-
lar stimulation parameters, a group of kyphosis
patients also began treatment (4). Portable
single- and dual-channel muscle stimulators were
developed at Rancho Los Amigos Rehabilitation
Engineering Center. It quickly became evident
that the REC was not set up to mass produce stimu-
lators. The demand for stimulators at Rancho
could not be fulfilled before commercial stimula—
tors became available by the end of 1978,

TECHNOLOGY TRANSFER

Successful transfer of an invention or a new piece
of equipment from a research institution to the
market place is most often impeded by poor plan-
ning and insufficient communications between the
parties, Particularly, when also a new concept
must be proven scientifically, does technology
transfer become very complex and involved. It was
therefore felt that industry should become in-
cluded already during the early phases of the
L.E.S.S. project, at a time when we from a re-
search standpoint were comfortable with the treat-
ment results,

Contrary to popular belief, there is much more to
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technology transfer than just handing over blue-
prints of prototype equipment to a manufacturer.
First a company must be sought which not only has
the interest but also existing capabilities and
capacities to undertake further development and
sufficient production. There should also be a
match between the type of proposed rehabilitation
equipment (electronic, mechanical) and the type of
devices currently fabricated by the company. Sec-—
ondly, the manufacturer must provide a market plan
including expected sales and channels of distribu-
tion. This forces an assessment of the validity
of the technology transfer.

When, as in our case, the equipment is to be used
for a new treatment method, the Food and Drug
Administration (FDA) requires a multi-center eval-
uation of the efficacy of the device. Since the
company producing the device is responsible for
data gathering and final submission for pre-market
approval to the FDA, a strong commitment must be
made on behalf of the company. Such an investiga-
tion may easily be many times more expensive than
just bringing a new product to market and the
manufacturer must allow for such expenses in his
long-range budget. To make the sponsoring of this
investigation more attractive for the device pro-—
ducer it is suggested that the research organiza-
tion file for a patent on the equipment and treat-
ment method (if patentable) and grant the company
an exclusive production license. In turn, the
research institution may be able to accept a
royalty for each unit sold which again could sup-
port further research in the field.

A close, coordinated collaboration must be estab-
lished between the research organization, which
originated the technology, and the manufacturer to
assure that the equipment reaches the market place
in a timely and uncompromised manner, Working as
a team is advantageous to both parties. The re-
searchers are able to expand their studies, thus
assuring statistical significance of their mate-
rial necessary for major scientific publicationms.
The manufacturer is guaranteed support by experts
in a field that may be somewhat unfamiliar to him,

EQUIPMENT AND MANUALS

As part of the technology transfer it is critical
that a prototype of the manufacturers first device
generation be made available to the equipment
originator before the device is brought to market.
In our case, laboratory test of several prototype
units revealed that the specifications were not
met to our satisfaction. These prototype were
never applied to patients but returned to the
manufacturer for improvements. Several versions
were produced before an acceptable unit had been
produced. This delayed production half a year,
however, a costly major recall was prevented.

The ScoliTron, as the final product was named, was
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used to gather the required investigational treat-—
ment data for the FDA. To provide flexibility in
selecting treatment parameters for the early cli-
nical trials at Rancho, four screwdriver adjustab-
le potentiometers were hidden beneath a trap door,
The potentiometers came factory preset according
to the protocol parameters selected for the multi-
center study, but nevertheless, often both clini-
cians and patients alike accessed and maladjusted
these parameters. It was learned that a medical
device intended for home use should be as simple
and foolproof as possible, preferably only having
an ON/OFF button, For the second generation Sco-
1liTron it was therefore decided to fix these pa-
rameters internally and only provide adjustment
for the intensity of stimulation, which varies
from patient to patient (Figure 1). After FDA
approval of the single-channel unit in January
1983, a dual-channel ScoliTron was released for
added treatment possibilities. Even that this
unit was identical to the single-channel unit
except for the added channel, a separate FDA data
submission was required. Due to the amount of
data requested, this multi-center investigation is
still ongoing. Any institution contemplating
transferring technology for medical treatment must
realize that even minor changes in equipment spe-
cifications may require a separate multi-center
investigation and FDA resubmission.

The most time consuming element of the technology
transfer process is the writing of protocols,
clinician manuals, patient manuals and data forms.
This is best done by the research institution
while editing, layout and printing may be done by
the company which then carries the costs.

ScoliTron

b

Single~ and dual-channel ScoliTron
manufactured by Neuromedics, Inc,
A separate interrogator, not shown,
will detect how many hours the de-
vices have been used at the pre-
scribed amplitude level.

INFORMATION DISSEMINATION

The dissemination of knowledge has taken different
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avenues, Since 1977, traditional paper presenta—
tions have been given annually at national and
international conferences on scoliosis and kypho-
sis, orthopedics, rehabilitation engineering, etec.
Scientific exhibits have been shown twice at the
annual meeting for the American Academy of Ortho-
pedic Surgeons and one time at the annual Scolio-
sis Research Society meeting, Upon FDA approval,
commercial exhibiting has also been allowed. Pre-
sentations and exhibits at annual conferences are
important for dissemination and exchange of cur-
rent information. Unfortunately, these presenta-
tions are largely forgotten after only a few years
and it becomes necessary to publish more substan-
tial scientific papers in the major medical jour-
nals (13,45,

Teaching of the L.E.S.S. technique of treatment is
accomplished through l-day seminars followed by a
clinic in-service provided by trained physical
therapists (Figure 2). In addition, each clinic
receives protocols, manuals and slide/sound pre-
sentations which they may keep for reference. To
facilitate good patient/parent education, video
tapes have been produced solely for that purpose,

Due to the novelty of the ScoliTron/L.E.S.S. pro-
viding an alternative to the body brace, the mass
media (national radio and TV news, weekly maga-
zines, family journals, etc., etc.) has focused on
this treatment modality on numerous occations.
This has increased the public awareness immensely.
It must be pointed out, however, that one should
be very careful with the press in not making
overstatements regarding the significance of the
research, Three hours of filming easily projects a
distorted view when condensed to a 5-minute seg-
ment on the news,

Fig 2.

Teaching the L.E.S.S. technique.
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MULTI-CENTER STUDY

Prior to launching the multi-center clinical inve-
stigation of the ScoliTron/L.E.S.S. treatment
method an international advisory board was selec-
ted from the membership of the Scoliosis Research
Society (5). The advisory board reviewed the pro-
tocol and data collection procedures as proposed
by the Rancho chief investigators and made recom-
mendations for patient selection, treatment termi-
nation, database management, investigator selec-
tion and proper conduct of the multi-center study
itself, This impartial advisory board met semi-
annually to review progress of the study and dis-
cuss data summaries from a database maintained by
the manufacturer. This database was used to col-
lect all data on all patients in the study and
provide statistical analysis of the results, Al-
though data submission to the database is not
necessay for the FDA approved single-channel use,
the database is still maintained. Any investiga-
tor may request a separate analysis of how well
his clinic is doing in comparison to the average
results of the multi-center study.

The present treatment outcome of 1653 patients
entered into the database per December 31, 1984 is
shown in Figure 3. It is seen that the progres-
sion of the scoliosis curvature prior to treatment
initiation is halted with application of the Sco-
1iTron. On the average, both single and double
major curves stop further progression during the
4-year treatment span depicted,
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TESTING TECHNIQUES FOR THE 7.2
COMMERCIALIZATION ADVANCEMENT OF ASSISTIVE DEVICES

Robert M. Mills
Electronic Industries Foundation
Rehabilitation Engineering Center

ABSTRACT

EIF/REC is researching the incentives
and disincentives for the commercial-
ization of assistive devices. The
Center also is preparing to test altern-
ative commercialization technigues to
learn which are the more effective
procedures for commercializing new
assistive devices. This paper discusses
some of the commercialization techniques
to be tested, and the preparations now
in progress for conducting these tests.
Product developers, manufacturers, and
marketers are invited to participate in
the tests.

INTRODUCTION

Why aren't more new assistive devices
commercially available to disabled
people who could benefit from them?
Technological advances are revolution-
izing the lives of most of our society.
But many believe these technological
advances have not helped disabled people
to the degree that they could.

The problem is not with the research and
development of assistive devices. The
National Institute of Handicapped
Research (NIHR), the Veterans Admin-
istration, and others have established
widely respected R&D centers for reha-
bilitation engineering. And many
talented individuals have developed new
assistive devices in their private
shops. The problem is in advancing the
prototype models from the R&D 1labor-
atories or private shops into production
models, and thence into the hands of the
people who can utilize them. This
process is called "commercialization
advancement".

In May of 1983, the Electronic Indus-—
tries Foundation (EIF) established a
Rehabilitation Engineering Center for
Technology Evaluation and Commerciali-
zation Advancement through a cooperative
agreement with NIHR. The Center is
charged with development of techniques
to increase the availability of
assistive devices through the stimu-
lation of private industry participation
in the production, distribution, and
marketing of such devices.

Consider the complete set of new
assistive devices. Some of these
devices are so0 exciting that they are
available on the market almost immedi-
ately after development. A few others,
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unfortunately, may not be commercially
viable products, and are unlikely ever
to become commercially available. It is
the devices between these two extremes
which receive the greatest attention of
the EIF Rehabilitation Engineering
Center (REC). Many believe there are
too many worthwhile devices in this
middle category.

The EIF/REC is engaged in research of
the incentives and disincentives for
commercialization of assistive devices.
The Center also is preparing for more
pragmatic tests to compare alternative
commercialization techniques. Through
this testing of techniques, the Centers
hopes to learn which are the more
effective procedures for commercializing
new assistive devices, and plans to
develop recommendations for future
commercialization activities.

This paper discusses some of the
commercialization techniques to be
tested, and the preparations now in
progress for conducting these tests.

PRODUCT IDENTIFICATION AND SELECTION

The first step in preparing for any
commercialization advancement process is
the identification and selection of
appropriate new assistive devices.

There are few limitations to the types
of devices for which the EIF/REC wants
to experiment. The Center is interested
in devices which assist in overcoming
any and all functional limitations which
may handicap people with impairments.
These devices can be useful for occupa-
tional, independent 1living, or recrea-
tional activities. Although the Center
focuses mostly on assistive devices,
clinical devices have been considered
for commercialization experiments.
EIF/REC is interested in electronic as
well as any other type of assistive
device (despite the name of the
Foundation).

To consider a device for its commercial-
ization tests, the Center has required
that at least one working prototype
model of the new device must exist. If
not, the device idea is still in the
research and development stage, and may
be of interest to other RECs or R&D
organizations.

Obviously, the developer of a new device
and the EIF/REC must have expectations
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that a new device can be a commercially
viable product. That means that a new
device must be safe, and must serve some
useful purpose for a significant number
of disabled people. The device must be
affordable for the prospective users, or
there must be a possibility of third
party financing. To 1limit duplication
of effort and dilution of the market,
the new device must differ from compar-
able devices already on the market.
ABLEDATA is very useful for checking
this.

Between February 1, 1984 and January 20,
1985, 43 devices came to the Center's
attention for consideration. After some
preliminary evaluations, 16 of these
devices were selected as candidate
devices, and 17 others were dropped from
consideration. Decisions were pending
for the remaining 10 of the 43 devices.
In the coming year, the Center hopes to
identify even more new devices.

The EIF/REC is documenting how each
device comes to its attention, and the
reasons for deciding whether to include
a device in its tests. Such documenta-
tion may be helpful in preparing future
recommendations.

Two common reasons for the Center's
dropping a device are: (a) a working
prototype model was not ready, and (b)
the device was judged not to be commer-
cially viable (for one of the reasons
given above). In the case of problem
(a), a device may well be reconsidered
when a working prototype model becomes
available. In the case of problem (b),
EIF/REC is making a 1list of organiza-
tions and individuals who may be
interested in new product ideas, and are
not concerned about a product's
commercial wviability. An example of
such an individual might be a rehabili-
tation engineer at a rehabilitation
treatment center. With permission of
the product developer, information still
can be shared about a device which
EIF/REC had to drop for reason (b).

PRODUCT PORTFOLIOS

The transfer of information about new
devices to potential manufacturers and
marketers is an important part of the
commercialization advancement process.
EIF/REC hopes to learn from its tests
just what information is needed, and in
what form it should be presented for
efficient and effective results.

EIF/REC is beginning its tests by
collecting information useful to the
commercialization advancement process
into "Product Portfolios". The
contents of Product Portfolios may be
modified during the course of the
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Center's tests, but for now they have
three parts. "Part I: Device Character-
istics™ includes a brief description of
the device, information about the esti-
mated cost of the device, information
about the training that may be needed
for using the device, information about
patents and licensing expectations, and
information about any previous evalua-
tions of the product. "Part II: Market
Potential™ includes an estimate of the
identity and size of the target
market(s). It also includes information
about the possibility of third party
funding, information concerning supply
factors such as special production
requirements, and information about any
similar products already on the market.
Information obtained from an ABLEDATA
search is included here. "Part III:
Other Considerations” contains any
other type of information that needs to
be considered for the commercialization
of a device.

The EIF/REC recognizes that many Product
Portfolios contain proprietary informa-
tion which the developers/ inventors
expect will be protected. For this
reason, the Center has three "stages"
for releasing information.

Stage I information contains no propri-
etary information, so it can be broadly
distributed in, for example, mail-outs
to prospective manufacturers of new
devices. Stage I information is
selected so as to catch the .initial
interest of potential manufacturers and
marketers.

Stage II information is shared with a
manufacturer after a non-disclosure
agreement is signed. Stage II informa-
tion includes most of the information
contained in a Product Portfolio, but
exclusivity of product is not promised
to a manufacturer. That is, the product
may still be offered to more than one
manufacturer until Stage III.

Stage III status is given to a manufac-
turer for a product only after a non-
disclosure agreement and perhaps a
commercialization advancement plan have
been received by the EIF/REC, and a
licensing agreement has been reached
with the developer/inventor. At this
point, the product is no longer offered
to other manufacturers.

MANUFACTURING AND MARKETING

As of this writing, the EIF/REC is just
beginning to test and compare various
techniques to enlist the interest of
manufacturers and marketers in commer-
cializing assistive devices. These
techniques include: (A) Mailing Lists,
(B) Individual Contacts, and (C) Vendor
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Conferences. Other technigues which
come to the Center's attention may also
be included in the tests.

In the first technique mentioned above,
(A) Mailing Lists, Stage I information
about one or more new assistive devices
is mailed to a number of manufacturers.
To date, the Center has a list of over
800 manufacturers and marketers who may
be interested in assistive devices. The
list is still growing. EIF/REC's lists
of new devices, manufacturers, and
marketers are categorized by product
types, manufacturing capabilities, and
preferred marketing strategies (e.g.,
sales representatives, dealers, distri-
bution networks, etc.). This categori-
zation will allow more efficient
mailings, and greater flexibility in
testing commercialization techniques.

In the second technique mentioned above,
(B) Individual Contacts, EIF/REC will
attempt to enlist the participation of
manufacturers and marketers through
discussions with individuals in
industry. When needed, the Center will
have the assistance of the Electronic

Industries Association and the
Electronic Industries Foundation for
making appropriate contacts within
industry.

In the third technique mentioned above,
(C) Vendor Conferences, manufacturers
and marketers will be invited to attend
a conference with product developers at
which information is presented about one
or more new devices. The manufacturer/
marketer making the "best offer"™ wins
the opportunity to commercialize the
device.

One of these techniques may be more
effective, for example, for devices
which have utility to both disabled and
able-bodied consumers. Or the effec-
tiveness of a technique may differ for
different types of devices (e.g., high
tech / low tech devices). The Center's
tests will be designed to investigate
these and other possibilities.

After a product is manufactured,
successful commercialization requires
marketing strategies which move the new
assistive devices from the producers to
consumers. The target markets for most
assistive devices, however, are "frag-
mented" markets. The number of
potential consumers for a particular
assistive device 1is often relatively
small, and the consumers for that device
are often scattered throughout the
country. Manufacturers/ marketers of
assistive devices have to cope profit-
ably with this fragmented market.

The Center hopes to find effective
methods for alleviating this and other
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marketing problems. One example of a
possible countermeasure for fragmented
markets =--~ marketing networks --- is
already in used. An example of a
marketing network is operated by the
American Foundation for the Blind. The
AFB catalog offers assistive devices
from numerous producers, making possible
certain economies of scale in marketing.
EIF/REC will be developing recommen-
dations <concerning effective market
strategies based on its commerciali-
zation tests.

CONCLUSION

Clearly, EIF/REC's research and commer-
cialization tests «can not succeed
without participation from others.
Therefore, the Center is asking for
outside assistance.

If you are a developer of assistive
devices, you are invited to submit your
suggestions for devices for which you
would allow the Center's collaboration

via its commercialization tests.
Proprietary information will be
protected. Suggestions should be

limited to assistive or clinical devices
having at least one working prototype,
which are not already commercially
available. Please phone (202 955-5828)
or write Robert Mills at the address
given below.

If you are a manufacturer or distribu-
tor, the <Center offers its testing
activities as a means for liaison
between your company and developers of
rehabilitation aids. EIF/REC may be
able to help you expand your product
line to include the latest technologies
for the disabled. Please contact Victor
Knorr (202 955-5824) at the EIF/REC.
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AN EVALUATION PROCEDURE FOR ADVANCING THE
DEVELOPMENT OF REHABILITATION EQUIPMENT

JUDY M. BERNETT and GUY N. PHILLIPS

Southwest Research Institute REC

San Antonio,

ABSTRACT

A procedure for engineering analysis and

clinical evaluation of developmental,
user-ready rehabilitation equipment is
presented. The validity of the evaluation

procedure and description of the process
are illustrated by using the Stanford
Storable Crutch as an example.

INTRODUCTTION

Centralized, focused programs for evaluation
of rehabilitation devices and methods have
been few. Most notably, the National Academy
of Sciences (NAS) and the Veterans Administration
(VA) were the first to assume responsibility
for clinical evaluation services, research
coordination, and standards setting - activities
that ultimately led to commercialization and
widespread use of various rehabilitation
products. Subsequent to the demise of these
programs, evaluation activities became scattered
among individual programs that performed certain
aspects of this function, often on their own
developmental products.

In mid-1983, the National Institute of
Handicapped Research (NIHR) established two
centers to deal exclusively with the issues

of evaluation of rehabilitation technology
and stimulation of industry. Created as a
centralized, objective component of the

Rehabilitation Engineering Center system, these
Centers seek to identify appropriate
developmental products and technological
applications for increasing independence and
employability of disabled persons, and then
garner the resources to enhance their further
development and commercialization. However,
as experience has demonstrated, advancing a
prototype device to the level of a potentially
commercial product often requires that the
device be guided through a comprehensive,
cohesive evaluation process.

SwRI-REC EVALUATION PROCEDURE

A systematic plan for evaluation of prototype,
user-ready rehabilitation devices was devised
by the SwRI Center staff. Major elements of
this plan include engineering test and analysis,
preliminary user trials, and long-term clinical
evaluation. Generally, information resulting
from these activities would include product
safety, durability, and reliability indications,
operating characteristics, appropriateness
of components and materials, identification
and definition of appropriate applications,
and user  acceptance information. Portions
of the plan were modeled from procedures success-
fully followed during the NAS and VA evaluation
programs (see Procedure Chart).
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Texas

THE PROCEDURE - USING THE STANFORD STORABLE
CRUTCH AS AN EXAMPLE

To illustrate the wvalidity of the evaluation
procedure and provide an expanded description
of the process, the Stanford Storable Crutch
is cited as an example. As a brief introduction,
this aid was designed and developed through
the REC program at Stanford Children's Hospital
in Palo Alto, CA, in response to the crutch
user's mneed for portability and convenient
storage. Constructed of an aluminum alloy,
this axillary crutch employs telescoping
mechanisms to reduce its length to 23 inches
when not in use.

Step 1: Device Selection Process

®* An Inquiry for Evaluative Services form was
devised to collect preliminary information
on potential evaluation items.

Based on the responses from a survey of REC
programs and the Inquiry form, the Storable
Crutch was selected. Selection criteria
considered were item function and application.
target user population, state of market readi-
ness, availability of evaluation support
personnel and qualitative data.

Stanford-REC initially contributed two third-
generation prototype items for evaluation.

®* A non-disclosure agreement between Stanford
Children's Hospital and SwRI was signed tc
protect the developer's proprietary interests.
FDA regulations were examined to determine
test and evaluation compliance.

Step 2: Engineering Tests
-

To assure crutch safety and reliability,
a pre-check engincering analvsis was performed.

* An engineering test and evaluation checklist

encompassing criteria for human factors,
strength, durability, and failure analysis
(based on standards used by the U.S. Dept.
of Defense) was developed.

Drawings to identify components, materials,
and assembly sequences were created to
establish a common reference  point for
communication between the device developer
and engineering test personnel.

Step 3: Local User Evaluation
.

Two experienced crutch wusers were selected

for participation in an informal evaluation

conducted to determine potential functicnal

problems.

To encourage meaningful information feedback,

an informal evaluation plan was implemented.

® The evaluators used the ecrutch regularly
for approximately two weeks in accordance
with the informal plan.

®* Staff conducted a post-evaluation interview
with the users.

® The users expressed high levels of satisfaction
with the item, used both as a crutch and
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SwRI-REC Evaluation Procedure
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a2 cane, because of its storability and durabil- Steps 6 and 7: Evaluator's Meeting
ity. However, they identified two problems ®* REC staff conducted an initial evaluator's
related to «crutch stability that required meeting with PM&R staffs to demonstrate the
minor design changes. Elements of these crutch and introduce preliminary clinical
results were wused to develop preliminary evaluation protocol.
protocols for both clinical and long-term ® By concensus of REC and PM&R staffs,
informal user evaluations. modifications to this draft protocol were
minimal.

Step 4: Identification of Evaluation Site

® Department of Physical Medicine and Rehabilita- Step 8: Clinical Evaluation
tion (PM&R) staff at the University of Texas ®* An additional set of crutches was received
Health Science Center (UTHSC) in San Antonio from the Stanford-REC and made available
were selected to oversee the clinical for evaluation.
evaluation of the crutch because of the ® Candidate users were identified and screened
availability of appropriate users through by UTHSC and VA staffs.
their department. Subsequently, the REC * During the initial visit with the physician,
and UTHSC staff enlisted the cooperation therapist, and REC staff member, each user
of the PM&R Dept. at the Audie Murphy Veterans received instructions on crutch use and was
Administration Hospital, also located in properly fitted. The evaluation protocol
San Antonio. was then reviewed.

* The fabrication of additional crutches through ® Using the finalized protocol as a guide,
the Stanford-REC was requested. A minimum the evaluations were conducted for a two-week
of two sets of crutches were required for trial period with each user.
clinical evaluation. An additional set would ° Each user returned for a post-evaluation

interview and completion of the evaluation
protocol with at least one of the
investigators.

then be available for a long-term user
evaluation outside of the clinical environment.

Step 5: Preliminary Protocol

Step 9: Tabulate Results
L]

® Based on the experience and results of the
Twelve adult crutch users completed the evalua-

informal user evaluation, a preliminary

protocol to structure and guide the clinical tion. User age, height, and weight ranged
evaluation was drafted. widely; disabilities, including both short
* The use of human subjects in any research and long term, varied.
program conducted through the UTHSC and the ® Generally, all results were related to the
VA Hospital requires approval by their Institu- assessment of the acceptability of the crutch
tional Review Boards. Evaluation plans, in its extended position as an ambulation
preliminary protocol, and all necessary paper- aid, acceptability and performance of the
work were processed and approved. collapsing/extending mechanism, and its stor-
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ability in the collapsed position.
® A consultant statistician analyzed several
of the questionnaire items, primarily those
designed to permit ratings of crutch character-
istics on a five-point scale.
Subjective results were compiled, reviewed,
and summarized by the UTHSC and REC staffs.

Step 10: Terminate Evaluation
®* Within the constraints of a pre-determined
schedule, clinical evaluation activities
were terminated when a prescribed number
of participants had completed both the device
trial use period and the evaluation
questionnaire, all post-evaluation interviews
had been conducted, and resulting data had
been collected and analyzed.

Steps 11 and 12: Evaluator's Meeting
UTHSC and REC staffs reviewed all evaluation
results, discussed problems associated with
evaluation procedures and the protocol, and
solicited comments and recommendations for
improving the effectiveness and efficiency
of the evaluation procedure.

Step 13: Prepare Report
® A complete account of evaluation activities
related to the crutch was prepared.

Step 14: Approval of Report
The program sponsor, NIHR, was informed of
progress and problems throughout the course
of the crutch evaluation. However, a final
report of all activities was presented for
the sponsor's review and approval.

Step 15: Disseminate Results
Prospective manufacturers of the crutch were
identified.

®* An information package including a letter
announcement offering the availability of

this device for manufacture, a brief
description of the features of the crutch,
and pictures, was sent to these manufacturers.
®* A technical support package, comprised of
engineering drawings and evaluation
information, and the prototype item, were
made available to interested manufacturers.

Step 16: Negotiation and Contract with

Manufacturer

(This additional step provides closure to this

partlcular evaluation experience.)
Based on interactions with interested
companies, the developer selected a
manufacturer to provide commercial availability
of the Storable Crutch.

®* SwRI-REC staff was available to discuss and
clarify evaluation procedures and results
related to the crutch.

CONCLUSIONS

If we are to meet our responsibility to develop
and deliver appropriate, cost-effective technical
aids to disabled people, then clearly, we must
guide our developmental products through an
objective, systematic evaluation process. The
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methods and procedure proposed by SwRI in this
paper represent one example of a model that
has demonstrated success. As the experience
base with this model grows however, SwRI-REC
staff anticipate making procedure revisions
and refinements in an effort to create an
effective, expeditious, coordinated, and
results-oriented model.

Some organizations and programs have demonstrated
equal success with other evaluation models.
Shared experiences of success and failure with
procedure and protocol development, communication
flow, documentation methods, etc. may prove
valuable.
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COMPUTERIZED ANALYSIS OF DEMOGRAPHIC DATA ON DISABILITY

Stacey Beckhardt® and Lucinda D. McKay**

*Electronic Industries Foundation Rehabilitation Engineering Center
**Horizon Systems Corporation

ABSTRACT

A computerized system was designed to allow
demographic data collected by the National Center
for Health Statistics in the 1979 National Health
Interview Survey and Home Care Supplement to be
reassessed according to variables of interest to
the rehabilitation specialist. With this
flexible system, populations may be defined in
terms of categorizations based on functional
limitation, medical etiology causing the limita-
tion, and/or use of aids to supplement this limi-
tation. Subsamples of the data can be organized
according to any number of critical variables,
including employment status, access to third
party funding, and education level. The proce-
dures developed in this project will provide
access to information which can provide guide-
lines for decisions made at all levels, in the
public and private sectors, concerning the needs
of people with disabilities.

INTRODUCTION

The need for data which more accurately represent
individuals with disabilities has been con-
sistently expressed by rehabilitation specialists
in both the private and public sectors. Valid
and understandable data are essential if policy
decisions regarding project funding and implemen-
tation are to reflect the needs of persons with
disabilities. At present, reliable data on the
disabled population are not readily available nor
easily interpreted (1).

Analyzing data currently available is complicated
by several factors (l). First, no classification
scheme has been accepted in the field as the
standard for operationally defining disabling
conditions, Since different surveys Thave
employed various operational definitions, com-
parisons among results are difficult. To further
confound comparisons, data collection procedures
vary among Ssurveys. There are also practical
difficulties of determining how individuals with
multiple disabilities are classified and counted.
Further, data are often collected from a sub-
sample of the general population which does not
include children or institutionalized indivi-
duals, therefore resulting in underestimates.

In this study, a computerized system was deve-
loped to allow data, previously collected on the
nation's health (2), to be reanalyzed according
to variables chosen to provide a greater
understanding of the capabilities, limitations,
and needs of people with disabilities. The data
source selected for this analysis was the
National Center for Health Statistics (NCHS).
This governmental agency was established as a
division of Health and Human Services to gather
data on a regular basis on a variety of health
related topics. In designing its nationwide sur-
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veys, NCHS employs experimentally sound proce-
dures generating statistically valid and reliable
data. Unfortunately, the reporting of the data
often obscures details of importance to rehabili-
tation specialists. Frequently, data from
several categories are combined into a single
statistic thereby making the distribution of spe-
cific limitations among persons with certain
disabling <conditions unclear. The system
designed in this study allows for manipulation of
these data according to any variable of interest
to the investigator.

In developing a demographic database, emphasis
was placed on defining disability in terms of
functional loss and limitation rather than medi-
cal etiology. With this focus, the impact of
technological developments in the field of reha-
bilitation engineering can be better assessed.
By defining disability in terms of functional
categorizations rather than medical etiologies,
the utility of a particular product for a given
subset of the population can be determined.
Since assistive devices are typically designed to
overcome limitations in functional capabilities
which may have resulted from any number of medi-
cal conditions, knowledge of medical diagnoses is
useful only when it can be used to elucidate the
nature of the functional loss.

MATERIALS AND METHODS

The Data

In an effort to develop a database from which
data on disability could be drawn, raw data in
computer tape format were purchased from NCHS.
Public use data tapes from the 1979 National
Health Interview Survey (HIS) and the 1979 Home
Care Supplement were selected because they con-—
tain numerous questions concerning functional
limitations, medical etiologies causing the limi-
tations, use of aids, home care needs, and
several other topics of interest. Further,
although more current (1980) data are available,
the 1979 Home Care Supplement is the most recent
supplement related to disability for which a
written, public report has been prepared. An
important element in evaluating the accuracy and
the value of these data involved a comparison of
the results obtained when working with the raw
data with those obtained from the published
reports. Further, statisticians at NCHS have
stated that the 1979 and the 1980 Home Care
Supplements were conducted in such a way that the
results from the two surveys may be combined at a
later date without jeopardizing statistical vali-
dity. In fact, combining these two sources of
data should increase statistical reliability.

Data from the HIS and the Home Care Supplement
(2) are drawn from the same population, a mation-
wide sample of approximately 42,000 households,
representing about 111,000 persons, in the civil-
ian noninstitutionalized population. Only those
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individuals living during the interviewing period
were included. The sample was designed in such a
way that it is, theoretically, representative of
the geographic, age, sex, and race distribution
of the United States population.

The survey procedures entailed household inter-
views; therefore, all responses represent self-
perceptions of the persons interviewed. In
addition to collecting socio-economic data, NCHS
asked a series of questions regarding the pre-—
sence of specific medical conditions. A con-
dition is defined by NCHS as a ''departure from a
state of physical or mental well-being." All
conditions, except those considered impairments,
are coded according to the Ninth Edition of the
International Classification of Diseases (3).
Impairments are chronic conditions that result in
functional loss or limitatiom. If a condition
could be considered an impairment, it was
classified as such using special codes (called x-
codes) developed by NCHS rather than with ICD
codes.

When the survey was conducted, the questions on
medical conditions were divided into six lists.
The sample of households surveyed was randomly
divided into sixths. Each sixth was asked one of
the conditions lists. An exception to this pro-
cedure was implemented for those individuals who
indicated that they were "limited in activity"
because of a chronic condition. For these sub-
jects, all six condition lists were employed.
According to NCHS staff, this surveying strategy
directly impacted on the statistical reliability
of the population estimates. When estimating the
number of people with a certain set of con-
ditions, the critical variable to consider for
error rate determination is whether the question
of interest was asked of the entire sample or of
one-sixth of the sample. The larger the sample
surveyed the lower the error rate.

The Program
In developing software to manipulate these data,

the sampling procedures employed by NCHS were
considered. A goal of the project was to develop
a system which would allow a high degree of
flexibility in defining the population of
interest, without sacrificing the statistical
reliability of the population estimates. The
size and structure of the data files complicated
the development of the program. The public use
files for the 1979 Health Interview Survey and
Home Care Supplement reside on eight reels of
magnetic tape. The set consists of six files:
separate data files for households, persons,
homecare, medical conditions, hospital visits,
and doctor visits, Use of the files in this for-
mat is inconvenient, especially when information
from multiple files is desired. In addition,
identical data about persons appear on four of
the files, and, therefore, during any given
retrieval, approximately 60% of the data pro-
cessed is redundant. In order to improve pro-
cessing efficiency and to provide convenient
statistical analysis capability, the public use
files were transformed into a simple hierarchical

file containing no redundant data. This step
reduced the total data by over 80%.
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A two step software system was then developed to
support the selection and tabulation of the
reduced data. The first step in the software
system involves a generalized retrieval program
which is easily tailored to each unique analysis
project. The retrieval program selects the sub-
set of interest from the hierarchical file and
produces a simple flat file suitable for tabula-
tion and other statistical processing. This step
further reduces the data to include only the
information needed for a specific analysis. The
second step of the system consists of two general
purpose tabulation programs. One of the tabula-
tion programs requires more effort to tailor it
to a specific project but also offers extensive
flexibility and low computer costs. The other
tabulation program offers easier initial setup
but higher computer costs. Both programs compute
relative standard error for each statistic com-—
puted. Error rates are estimated by using
equations derived by NCHS which take into account
their sampling procedures.

The entire software system is designed to run on
an IBM mainframe under the MVS operating system.
The software is writtem in PL1l and SASZ, In
addition to these languages, the host system must
also support a sort utility in order to run the
program, All software and documentation deve-
loped through this project are noncopyrighted and
in the public domain,

RESULTS

Trial runs of the system have demonstrated its
flexibility. Populations may be defined in terms
of categorizations based on functional limita-
tion, medical etiology causing the limitation,
and/or use of aids to supplement this limitation.
Further, it has been shown that subsamples can be
tabulated according to any pre-selected NCHS
variables. In addition, the accuracy of the
system was evaluated by comparing the estimates
obtained from manipulating the raw data with data
presented by NCHS(2). Examination of the data
indicated that the estimates generated by the
program are consistent with the published data.

An assessment of the reliability of the estimates
suggested that constraints should be built into
the system. To maintain flexibility but still
ensure the statistical reliability of the estima-
tes, the entire sample can initially be screened
to include only those individuals who indicated
that they were "limited in activity'" because of a
chronic condition, Only these individuals were
asked questions from all six conditiom lists,
and, therefore, estimates based on this subsample
will be subject to less statistical variance.
This constraint allows for an estimation of the
prevalence of chronic conditions within the popu-
lation of individuals who are limited in acti-
vity.

To estimate the prevalence of either acute or
chronic conditions for the general U.S. popula-

l pL1l is a product of the IBM Corporation

2 5AS is the registered trademark of SAS
Institute, Inc., Cary, NC
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tion, the screening feature may be bypassed.
However, to derive these estimates, the condition
of interest must be defined in terms of variables
from only one condition list. Therefore, one
could determine the prevalence of a specific con-
dition but could not necessarily determine what
other conditions individuals in this population
may have. Further, needs for home care for this
population could not be accurately assessed.

DISCUSSION

The procedures developed in this project allow
for an estimation of fairly well defined segments
of the disabled population. The system is, of
course, limited to the extent that all inquiries
must conform to the format of the survey employed
by NCHS. However, an examination of the
questionnaire utilized in the survey reveals that
a wide range of topics were covered.

In the context of rehabilitation engineering,
perhaps the most direct application of the data-
base is the estimation of the numbers of indivi-
duals who might benefit from the use of a
specific technology. It is the population of
chronically affected individuals, perceiving
themselves as having an activity limitation, who
probably are most likely to be the users of aids
and devices.

The database also has much broader applications.
Within this data set is a wealth of information
on the disabled population. By c¢reatively
extracting and crosstabulating variables, one can
begin to develop demographic profiles of this
diverse group of people. By utilizing data pre-
viously collected, information can now be org-
anized in terms of any number of critical
variables, such as employment status, access to
third party funding, education level, and so
forth. Access to these data can provide guide-
lines for decisions made at all levels, in the
public and private sectors, concerning the needs
of people with disabilities.
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DISSEMINATION ISSUES FOR MEDICAL ROBOTS

Roger Awad-Edwards, K.G. Engelhardt
Rehabilitation Research and Development Center
Palo Alto VA Medical Center

ABSTRACT

Numerous factors will determine the successful diffusion of
robot technology into the health and human service market.
This paper will present an overview of some of the issues that
will need to be considered as robotic technology is incorporated
into health care services.

DISCUSSION

When will robots reach the health and human service mar-
ket and to what extent will they be disseminated?

Overall, robots appear to be in a development stage stmilar to
that of business computers in the early sizties. Like the computer
pioneers, the robot marketers’ success will depend on a number
of factors both within and outside their control. The subtleties
of positioning and introducing programs will be critical. The
adaptability of current operations will be key, and, of course,
acceptance by the ultimate human controller 1!l

The realization of health care robots will depend on financial
and human resource commitment to the research and develop-
ment of health and human service applications and the extent of
investment in the design and manufacturing of systems to meet
those applications.

e There is no demand for robots in the traditional sense in the
health and human service market. We will need research
that will predict the extent of potential cost savings, in-
creased work efficiency, increased quality of care and better
work conditions. In particular, unsafe, high risk, or odious
tasks could be performed by robots. The creation of a vi-
able market with a wide spectrum of niches will depend on
numerous factors. As mentioned, application areas must be
clearly identified and the appropriate robot design must be
created for these demands. Market niches will be carved
out by those systems that can provide the best fit. On the
microeconomic scale, the advantage has been and will con-
tinue to be, with the company that can “build a better mouse
trap” and offer it to the consumer at a “better price”.[11]
Demand analysis will be needed to identify which factors
are most influential in determining the categories/features
of robot technology that people will need and are willing to
purchase.

Market

e The potential health care market alone is significant. The
Office of Technology Assessment estimates that there are
between 15 and 25 million people with disabilities in the
United States!!*! who, to varying extents, may have need for
a robotic assistant. There are nearly 7000 hospitals!?l and
approximately 20,000 nursing homes and other longterm
care facilities in the United States. Approximately 50% of
hospital operating costs are in labor-related expenditures. (2!

In the current ‘cost-containment’ health care environment,
robotic devices which increase productivity and reduce la-
bor costs are more likely to be accepted.
Costs

e The benefits of flexible automation have been realized in
numerous industrial settings. The potential for reducing
health care costs through augmentation of human resources
is a strong incentive for further exploring development of
robotic tools in this area. There have been chronic diffi-
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culties with high employee turnover rate in longterm care
institutions. There are also significant problems with find-
ing qualified, reliable personnel at the hands-on care level.
This problem will be compounded as the needs of a rapidly
rising older and disabled population put increasing demands
on these care facilities.

o The market will support devices with a range of prices. The
cost of robots varies, of course, as a function of the robot’s
complezity and versatility...['°! From the individual pur-
chaser’s perspective: There are four conditions which must
be met by a Robotic Aid before it will be an economically
feasible partial substitute for human caretaking:

(1) The manipulative capability of the aid must
be sufficiently good to make it an attractive al-
ternative to some classes of human assistance.

(2) It must be reliable enough that the user and
his/her attendants will be encouraged to use it.

(8) Savings (and earnings) derived from using the
robotic aid must pay for itself.

(4) The system must be psychologically and socially
acceptable to the disabled user, the users’ fam-
ily and associates.|'?]

The market can support a range of costs from the insti-
tutional purchaser’s perspective. Volume purchases are
also possible because of the growing number of institutional
chains which already contract for services or supplies on a
collective basis. Government contracts, such as from the
Veterans Administration, with its large numbers of hos-
pitals and nursing homes, are also a major source of vol-
ume sales. Continued research on third party reimburse-
ment of evolving technologies that might be classified un-
der DME (durable medical equipment) will provide use-
ful information to developers and policy decision-makers.
For instance, perhaps third party funding may soon reim-
burse for expenditures on environmental controls (these are
not presently covered under Medicare reimbursement proce-
dures, because they are generally not deemed medically nec-
essary); it would be important to build this capability into
a robotic aid. Demonstration of medical necessity (which
requires physician prescription and physician verification)
will be essential for a robotic aid to assist disabled persons
since over two-thirds of our disabled citizens depend on third
parties such as Medicare and Medicaid for medical care and
assistive device funding.!®!

Cost-benefit analyses are useful only when both costs and
benefits can be estimated fairly well, and when an appro-
priate technology ezists to absorb the costs and produce the
benefits... The costs averted by applying a procedure must
be balanced against the risk averted by not doing it.I7! Cost
studies with health and human service robots must include
risk as well as costs and benefits .

Methodologies

Over one third of all products researched and developed for
rehabilitation never reach the market. There is a serious
need for methodologies to be developed which will facili-
tate a rapid and smooth research, development, evaluation,
and dissemination cycle for the proposed product, whether
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its development is privately or publicly funded.?? 1t is dif-
ficult to separate design and dissemination issues. For our
purposes, they may be viewed as two sides of the same coin.
Interrelated is the sense of useful products reaching appro-
priate markets in viable numbers for commercial success.

Diffusion Strategies

e Developing reliable devices that can serve in a variety of set-
tings will determine the marketing strategies that will need
to be adopted. The primary barrier to the diffusion of robots
into health and human services will to overcome the fear
and/or reluctance of the proposed end-users. Robotics— in-
deed all technologies that result in benefits to the consumer-
have critical consequences and challenges for marketing.
Specifically, marketers must identify and communicate those
benefits to consumers.[19)

Government’s Role

e The time frame for robots reaching the health and human
service market will also depend on the role government
will play in fostering the industry. Some of Japan’s suc-
cess with robotic applications has been due to the Japanese
government’s interest in and encouragement of the robotics
industry. It helped establish the Japan Robot Leasing Co.
which provides incentives, such as, short-term robot leases
and an additional 13% depreciation on purchased robots, to
potential robot users (manufacturers, primarily).['”l Gov-
ernment interest could help impact strongly in the research,
development and evaluation of robotics.

Professional Acceptance

e Innovation diffusion takes place in the contezt of a social
system.!1%] Medical professionals have traditionally been re-
ceptive Lo incorporating new technologies into their diagnos-
tic and therapeutic regimes. Patients often expect certain
examinations and therapies which include recent technolog-
ical breakthroughs. It is likely that a robot will face little
resistance in health care settings if it is carefully introduced.
Health care professionals respect the opinion of their peers:
therefore, it will be important that individuals experienced
in health care delivery play a significant role in introducing
robots into health care settings.

e Training will play a critical role in acceptance and utility.!%)
As the level of awareness of robots and their usefulness and
applications increases, it is imperative that education and
training activities provide individuals with the necessary un-
derstanding of robots and various automation systems, as
well as provide involvement in the process.[®

Facalitating employee acceptance of these robols into the work
place is @ major task facing manager of human resources.1]
Acceptance is a diffusion and marketing question. The ques-
tion of employment and retraining (inherent in a technological
evolution that requires changing patterns of required skills and
new approaches to knowledge acquisition) can cause employee
and management uncertainty. James A. Baker stressed the im-
portance of a positive approach to this phase of the diffusion
process. Commenting on GE’s reasonable success with the in-
teraction between hourly employees and robots, he stated that
GE had followed the Japanese management technique of stress-
ing the positive effects of robots. He also discussed employees
early involvement in the dissemination plans. He stated that
they:

were taking pains to get them [employees| and their rep-
resentatives on board early in our planning to introduce
the devices into our plants. We've set them up on dis-
play in plant cafeterias so our workers could become fa-
miliar with them before installation. Their response has

RESNA 8th ANNUAL CONFERENCE

been positive for a number of reasons. First of all, they
feel excited and proud to be working with ~and supervis-
ing, in most cases- some of the most advanced technol-
ogy in industry. Kids whose fathers spray paint refriger-
ators by hand don’t tend to be the hit of the schoolyard.
Kids whose fathers train and control robots do.[5]

Communication Channels

A channel is the means by which a product (message) gets
from a source to a receiver.|16]

e We presently have a communication gap between health and
human service professionals and robot manufacturers. That
information exchange gap can be addressed with two types
of communication channels: mass media and interpersonal.
Communication channels are particularly important during
the first stages in the innovation adoption process.

Mass Media Channels

® The mass media plays a pivotal role in determining public
attitudes toward robots. Mass Media channels: (1)reach a
large audience rapidly, (2)create knowledge and spread in-
formation, and (8)lead to changes in weakly held attitudes.|18l
There is little doubt among people in the industry that R2D2
and C3PO, the friendly androids of the Star Wars trilogy,
have up to a point helped to provide a more open and respon-
stve environment to market robots in... In the long run,
however, there 1s litle doubt that the Star Wars imagery
will be good for the indusiry. As one source points out, the
teenage audience tht forms the greatest boz office support for
films like Star Wars will be the ones in a position to pur-
chase home robotic technology when it comes into existence
in a few decades.|!!

¢ Continued media coverage that presents robot technology
in a positive light can significantly impact on the diffusion
rate. The tradional monsteresque representation is only re-
cently giving way to the friendly, helpful R2D2 image of Star
Wars. At least one television show has portrayed a robot
nurse as having undesirable robotality (personality charac-
teristics) more commonly associated with the very human
head nurse in One Flew Over the Cuckoo’s Nest. This
has been counterbalanced by positive presentations of cur-
rent robotics research by news and educational programs.

e Professional robotics associations such as the Robotics So-
ciety of America, the Robotic Industries Association, and
Robotics International can serve as information conduits to
the general public, to health care professionals, and to robot
enthusiasts. They can help promote positive uses of robotic
technology and reduce societal hesitancy toward dissemina-
tion of these important innovations.

To restate the obvious: successful dissemination into the
health and human service arena will not depend simply on en-
gineering expertise. It will require a coordinated effort of many
disciplines and industries in order to identify and implement the
latest robotic technology for use in a wide spectrum of settings.

Interpersonal channels:

(1)provide a two-way exchange of information. One individ-
ual can secure clerification of additional information about
innovation form another individual. This characteristic of
interpersonal networks sometimes allows them to overcome
the social-psychological barriers of selective exposure, per-
ception and retention. (2)Persuade an individual to form
or to change a strongly held attitude. This role of inter-
personal channels 1s especially important in persuading an
individual to adopt an innovation 16!
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e The strength of the professional interpersonal channels
is an example which exists in the medical industry. The
whole concept of a profession is based on maintaining pro-
fessional norms which are reinforced through the interper-
sonal channels within a facility and at medical conferences.
The success of a robotic physician assistant may depend
on its successful introduction at professional medical con-
ferences. Continuing education courses as well as medi-
cal school training will be important avenues for informing
physicians about the potential of robots; and at the same
time, provide robot developers opportunity to gain insight
on physician needs and attitudes toward robotic technology.
This will apply to other medically related professional and
allied health fields. For example, nursing and social work
each have their own professional organizations and educa-
tional milieu into which robots will need to be introduced.

CONCLUSION

Robots are just beginning to be considered serious tools for
service roles to humans. The extent to which they will be dis-
seminated, and how soon, will depend on multiple factors. While
there is a strong potential market, there is no market demand at
the moment. Overcoming fear of and hesitation toward the un-
familiar may be two of the more significant challenges to future
health and human service robot manufacturers and marketers.
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8.1

THERAPEUTIC EFFECTS OF ELECTRICAL STIMULATION IN SPASTIC CEREBRAL PALSY

S. Naumann, B, Cairns, J. Mazliah, M, Milner, M., Herbert, M. Rang.
Hugh MacMillan Medical Centre
(operated by the Ontario Crippled Children's Centre)
Toronto, Ontario, Canada

ABSTRACT

A home program of electrical stimulation
was instituted to determine the therapeutic
effects of electrical stimulation in 12 subjects
with spastic triceps surae. Stimulation was
applied for 30 minutes daily over a period of up
to 18 months. As determined by gait analysis,
no improvement in the degree of dorsiflexion
during swing was noted when the stimulators were
not used.

INTRODUCTION

The therapeutic effects of electrical stim-
ulation (ES) in decreasing involuntary action
and facilitating volitional movement have been
commented on by many researchers. Such effects
include: prolonged post-stimulation increase in
voluntary power in foot dorsiflexion (Vodovnik
and Rebersek, 1973; Carnstam et al, 1977);
relaxation of spastic muscles following stimula-
tion of their antagonists (Lee et al, 1950;
Levine et al, 1952; Dimitrijevic et al, 1968);
and improvement in the degree of postural sway
(Van Griethuysen et al, 1982). Adults with hemi-
plegia resulting from stroke have been the major
focus of research into short and long-term rest-
oration of motor function through the use of ES,
Evaluation of the therapeutic effects of ES has
been through: the use of subjective clinical
measures (Merletti et al, 1979; Alfieri, 1982);
the measurement of poststimulation isometric
torque (Teng et al, 1976; Carnstam et al, 1977);
changes in the cyclical patterns of muscle acti-
vity following stimulation (Dimitrijevic et al,
1968); and kinetic and kinematic measurements
(Malezic et al, 1981). While few of the studies
referenced above have demonstrated meaningful
statistical results, the many publications
dealing with therapeutic results of ES in hemi-
plegia attest to the interest in this subject.

The influence of ES in stroke hemiplegia
suggests that this modality may be effective in
positively  influencing motor  function in
children with spastic cerebral palsy. Gracanin
(1978) reported on the use of peroneal nerve
stimulators in 281 children with cerebral palsy.
Stimulation was applied daily for several hours
at a time. Of 190 children, improvement in gait
and posture occurred in 150 children whilst 78
demonstrated long-term improvement. Details on
how improvement was measured were not given,
Riso et al (1980) reported on 6 children with
cerebral palsy, 4 of whom had undergone daily
stimulation to elicit dorsiflexion in the swing
phase of gait for a year. Footswitch patterns
were used to determine changes in foot-floor
contact patterns and timing. No therapeutic
effects of stimulation could be demonstrated.
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In a subsequent report, Riso and Makley (1981)
described the attainment of therapeutic "carry-
over" in one hemiplegic and one diplegic subject
out of a total of seven children.

Based upon the encouraging results reported
by Gracanin (1978) and Riso and Makley (1981), we
undertook a study to determine the potential of
ES to improve equinus gait in subjects with cere-
bral palsy.

METHOD

Twelve subjects underwent stimulation of the
peroneal nerve for 30 minutes daily. Details
regarding each subject are listed in Table 1.

Table 1 - Subject Details
sl (b) (9
Subj. Diag. Sex Age Length of Stimulator
Stim. (wks) & side (d)

1 CP-D M 12y Tm 32 P/B
2 CP-D F 14y Om T W/B
3 CP-D F 9y 11m 32 W/B
4 CP-H M 19y 9m 34 W/R
5 CP-D M 47y 8m 23 W/B
6 HI-H F 17y b5m 61 W/R
7 cP-D F 8y 5m 13 P/B
8 CP-H M 6y 4m 26 P/R
9 CP-H M 13y 1lm 7 W/R
10 CP-D M 4y Bm 9 P/B
11 CP-H F 13y 5m 45 W/L
12 HI-H M 10y 8m 56 W/L
(a) (b) (d)

CP-cerebral palsy Age at start B-bilateral

HI-head injury of stimul. R-right
D -diplegic (c) L-left
H -hemiplegic W-walking

P-seated

In 6 subjects, ES was applied to the foot
dorsiflexors bilaterally in a reciprocal manner
with the subject seated. Seven subjects were
provided with dual-channel stimulators to elicit
dorsiflexion during the swing phase of gait. A
stimulus frequency of 40Hz and pulse widths of
250s were used. The stimulators are described in
Naumann et al, 1984. Subjects or their parents
were instructed in the use of the stimulators
prior to taking them home.

Because of initial low compliance (a total
of 19 subjects entered the study), home visits by
staff were instituted., At first, each subject
was visited three times a week. As subjects or
their parents became more adept at using the
stimulators, visits were reduced to one per
week,

Each subject was assessed in the gait lab-
oratory prior to the commencement of stimulation
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and then at approximately monthly intervals
throughout the stimulation period. Assessments
were performed following 24 hours during which
stimulators were not wused. Data collected
included foot-floor contact patterns, the elect-
romyographic activities of quadriceps, ham-
strings, gastrocnemius and tibialis anterior
muscles, and the time-histories of joint marker
trajectories. Assessments were performed with
the subjects barefoot. At least 3 footsteps per
side were analyzed on each occasion. Positional
data were reduced to values occurring at the end
of stance, the end of swing, the maximum and
minimum. Sagittal angles for the hip, knee and
ankle and the angle between the floor and the
foot were determined. The ratios of the direct
distance between the start and end points of
each marker to the actual path traced out by the
marker in the transverse plane were determined
as a measure of medial-lateral movement. The
percentage of stance and the stance-to-swing
ratio of the left to right hand sides were cal-
culated from an average of 12 footsteps per
occasion,

The 7 subjects who used ES during walking
also had their gait on occasion evaluated with
and without stimulation.

RESULTS

The accuracy in determining joint angles
was + 2.4°, Thus changes of less than 5° were
set to zero for analysis purposes. The change
in ankle dorsiflexion across all 7 subjects with
and without stimulation at heel contact showed
an average increase of 7.2° (p<.025). The aver-
age increase towards dorsiflexion 'in the angle
between the floor and the foot was 5.2° (p<.0l).
The maximum of this angle increased by a mean of
6.23°(p<.01). No significant changes were found
in hip and knee angles across these 7 subjects.
Other positive changes that were significant 1in

1001

certain individuals but not across all subjects
were internal /external rotation of the foot and
its degree of valgus/varus.

Each parameter derived from the monthly gait
assessments performed without stimulation was
fitted to a linear curve using the least squares
method and the F-value and its significance was
then calculated. Figure 1 is an example of the
fitted curves. Stance times as a percentage of
the total gait cycle are shown versus time.
Changes between the start and end of the stimu-
lation period that were less than 5°, even when
the F-value was significant, were again set to
zero, For analysis purposes, each stimulated side
was considered independent so that 18 sides were
considered in total.

Having determined significant changes in
parameters for each side, changes in each para-
meter were tested for significance across all
sides, Only the ratios of direct-to-actual
distance travelled by markers in the transverse
plane showed significance at the .025 level. An
analysis of variance revealed no significant
relationships between parameters or groups of
parameters at the .05 level or less. Nor did the
type of stimulation used or the age of the
subjects show any influence,

DISCUSSION

Although not significant, there was a trend
to increased hip, knee flexion and/or ankle
dorsiflexion during and at the end of the swing
phase. This indicates that the decrease seen in
medial-lateral movement may be the result of ES
facilitating an increased withdrawal reflex of
the lower limb. Even though the number of
subjects was small from the statistical point of
view, the results confirmed our subjective
impression that ES did not appreciably improve

0.0 "9.9 19.8 29.7 99.6 48.4 59.9 ¥9.2 79.1 @89.0
WEEKS

Figure 1. % stance versus time on right hand side for subject #2.
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the quality of gait in these subjects. No
attempt was made at obtaining a control group
since it was improbable that a comparable group
of people could be found. Thus, each subject
acted as his/her own control with changes in
calculated parameters being used to determine
the effects of ES. This had the disadvantage
that, since the effects of spasticity such as
the degree of joint contractures may increase
with time, no significance could be given to a
lack of change in the stimulated subjects.

Both short-term and long-term benefits can
be expected from ES. Short-term benefits may
result from inhibition of antagonistic muscles
(in this case, triceps surae). In our subjects,
we noted that if the stimulators were turned off
during walking, the effects of stimulation would
disappear within three footsteps. Long-term
benefits could result from: (i) increasing the
strength of stimulated muscles which may other-
wise be inhibited by their spastic antagonists.
We noted an increase in the strength of the
dorsiflexors as measured clinically and an
increase in the degree of volitional dorsi-
flexion in isolation of other movements over the
stimulation period. However, these increases in
power and range did not carry over into gait
suggesting that their influence was overridden
by the established reflex patterns; (ii) reorg-
anization of reflex motor activity through the
inflow of sensory signals and/or the inflow of
normalizing patterns of movement to the central
nervous system which, if repeated a sufficient
number of times, may result in the establishment
of a more normal ‘"engram" (Gracanin, 1977,
1978). The decrease in medial-lateral movement
evident in our subjects may be the result of
such a reorganization. In addition, in 2 of our
subjects, we noted the appearance of tibialis
anterior activity at the end of the swing phase
following several months of stimulation. Again
these changes did not appreciably improve the
quality of gait in these subjects. It could be
argued that, since hundreds of thousands of
repetitions are necessary for the establishment
of a pattern of movement (Kottke, 1980),
patterning through ES for 30 minutes daily is
insufficient to achieve this. Also, it may be
necessary to control more than the ankle joints
through the use of multichannel stimulators for
this treatment to be more effective. These
hypotheses cannot be tested, however, without
first solving current problems associated with
the use of surface electrodes. These problems
also affect the use of ES as an orthotic aid and
are: the time needed to correctly locate the
electrodes over motor points; lack of cosmesis
especially 1in summer time when children are
active outdoors; skin-breakdown if the elect-
rodes are in position for too long. Given the
problem of skin-breakdown and the time needed to
apply electrodes, subjects found it difficult to
devote more than 1 hour per day to ES. Ten of
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the subjects had to be constantly encouraged to
continue using the stimulators because of lack of
improvement in their gait due to ES. Only 2 sub-
jects requested they be allowed to continue ES
following the study period because they felt it
to be of benefit.

CONCLUSTON

The application of ES for 30 minutes daily
over a period of up to 18 months in 10 subjects
with spastic cerebral palsy and 2 with head
injuries did not improve the degree of dorsi-
flexion attained during swing nor lead to the
attainment of heel strike when the stimulator was
not used.
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KINEMATICS OF PARAPLEGIC GAIT PRODUCED BY ELECTRICAL STIMULATION

E.B. Marsolais, M.D., Ph.D. and Rudi Kobetic, M.S.
Veterans Administration Medical Center
Cleveland, Ohio 44106

ABSTRACT

The effect of electrical stimulation on the
kinematics of a walker—supported paraplegic gait
was studied both with the basic stimulation
pattern including hip flexors, knee extensors and
dorsiflexors; and with an augmented pattern where
hip extensors and abductors and plantar flexors
were added. The subject was better able to trans-
fer his weight with the augmented pattern. The
results showed a 40% increase 1in the stride
length, 2.5 times increase in speed of walking,
decrease in time of double support and less
transfer of weight onto the walker.

INTRODUCTION

Paraplegic walking in a swing-to or swing—through
gait using electrical stimulation (2,6) has 1lit-
tle advantage over walking with long-leg braces.
In both cases the knees and sometimes the hips
are locked in extension — by electrical stimula-
tion of the quadriceps and gluteal muscles in one
case and by braces in the other. Locking the
knees and hips with electrical stimulation places
a further energy demand on the patient in addi-
tion to that required for ambulation. Long-leg
braces, by themselves, are usually abandoned by
paraplegic individuals with levels of injury
above Tll1 due to the large amounts of energy
required for ambulation (7).

Providing paraplegic patients with reciprocal
gait which is energy efficient and cosmetic in
appearance is a desirable alternative. A
reciprocal gait has been produced in paraplegic
patients using both surface (1;:3) and
intramuscular electrodes (4) for activation of
muscles. With surface stimulation knee extension
and hip flexion were the two main functions
provided. The use of intramuscular electrodes
provided a more precise control over individual
muscles and made hip extensors and abductors and
plantar flexors readily accesible. The purpose of
this paper is to compare the kinematics of the
reciprocal gait produced by electrical
stimulation of hip flexors, extensors and
abductors, knee extensors, and ankle plantar and
dorsiflexors; to the gait produced by stimulation
of hip flexors, knee extensors and ankle
dorsiflexors alone.

METHODS

A paraplegic subject, weighing 73kg and 1.75m
tall, with complete absence of motor and sensory
function below the T8/9 1level was 1Implanted
bilaterally with intramuscular electrodes. The
semimembranosus and gluteus maximus were
implanted for hip extension; the sartorius,
gracilis, and tensor fasciae latae for hip
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flexion, the gluteus medius for hip abduction;
the quadriceps, excluding the rectus femoris, for
knee extension; the tibialis anterior and pero-
neus longus for dorsiflexion; and the soleus for
plantar flexion. The right gluteus medius was
much weaker than the left.

A stimulation pattern for walking was determined
by trial and error using a computer, on the basis
of muscle activities during walking of normals. A
videotape recorder was used to study the quali-
tative appearance of the walking. The stimulation
pattern was adjusted until the most naturally
appearing gait was attained. This pattern of
stimulation was transferred into a portable 32-
channel microprocessor—-controlled stimulator (8).
The stimuli were biphasic, charge-balanced, con-
stant—current pulses of 20 mA in amplitude, modu-—
lated from 0 to 150 microseconds in pulse
width, at a frequency of 22.5 Hz.

The subject was evaluated twice; first, using the
basic stimulation pattern for hip flexors, knee
extensors and ankle dorsiflexors only. Second,
hip extensors and abductors and plantar flexors
were added to the basic pattern. The subject was
evaluated in the Gait Laboratory on a 5m instru-
mented walkway covered with conductive rubber;
and conductive tapes were placed on the subject's
shoes over the heel and the medial and lateral
aspects of the forefoot to determine foot-floor
placement simultaneously with joint angles (5).
The knees and ankles were instrumented with gon-
iometers to measure angles in the sagittal plane.
Speed of walking, time of double support and
stride length were also measured.

A mock-up walkway was constructed with force
plates to measure vertical forces (Fzl and Fz2)
exerted at the foot—floor contact; and the amount
of body weight transferred to the rolling walker,
used for balance and support during walking. Data
collection was synchronized with the prepro-
grammed pattern of muscle stimulation through a
switch which initiated the swing phase and al-
lowed the subject control over progression
through the pattern.

RESULTS

Qualitatively, the gait produced by inclusion of
hip extensors and abductors and plantar flexors
in the stimulation pattern (Fig. 1) appeared
more normal and was less energy demanding of the
subject. He felt more stable and was better able
to transfer his weight from one leg to the other.
This was shown in better repeatability in the
foot-floor contact, increase 1in the speed of
walking and stride length, and decrease in the
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time of double support. In both cases the stance
phase was initiated with heel contact followed by
a foot—-flat. The swing phase was initiated from
either lateral plus medial or medial contact.
Irregularities were observed in the foot-floor
contact during stance phase when using the basic
pattern of stimulation only. The speed of walking
increased from .16 m/sec with the basic pattern
to .4 m/sec with the augmented pattern. At the
same time the stride length increased from an
average of .7m to lm. Commensurate with the in-
crease in speed the time spent in double support
from right heel strike to left toe-off decreased
from 1.24 sec to .58 sec; and double support from
left heel strike to right toe-off decreased from
1.54 sec to .74 sec.

For both patterns the swing phase was initiated
by the subject after he actively transferred
about 70% of his weight to the legs and the rest
to the walker. The duration of the swing phase
was fixed by the preprogrammed pattern of stimu-
lation. During this phase the knee went through
maximum flexion of 65 degrees. It took an
average of .6 sec to achieve maximum hip flexion
from the time of hip flexor activation; and
another .6 sec to achieve full knee extension
from the time of quadriceps activation. Weight
distribution before initiation of the swing phase
and maximum knee flexion during swing were about
equal with both stimulation patterns. At the

completion of the swing phase, the knee was fully
extended or slightly hyperextended. The contra-
lateral knee was fully extended with the ankle
dorsiflexed up to 10 degrees.

The ankle was plantar flexed 10 degrees to 15
degrees less with the basic pattern before the
initiation of swing; and 10 degrees to 15 degrees
more following the swing phase. With the aug-
mented stimulation pattern, the weight distribu-
tion as determined by vertical force measurements
(Fig. 1) indicated that wup to 100% of body
weight was bornme on the legs at completion of the
swing phase, before forward weight transfer. With
the basic pattern of stimulation, a maximum of
80% of the body weight was transferred to the
legs. The weight transfer with the augmented
pattern was initiated while the knee was still
flexed at about 20 degrees. This did not ocecur
with the basic pattern.

Similar joint angles and foot-floor pressure
distribution were observed during the second
swing phase and double support. The whole cycle
was then repeated.

DISCUSSION

These results show the importance of inclusion of
hip extensors and abductors and plantar flexors
in the pattern used for electrically produced
walking in paraplegics. Use of these muscles has
increased the subject's ability to transfer
weight from one leg to the other enabling him to
take longer strides, to walk faster, and to spend
less time in double support. Evaluation and ad-
Justment of the gait by means of repeated video—
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with Augmented Stimulation Pattern (arrows indi-
cate subject's commands to initiate each step and
dotted 1lines indicate pulse width modulated
between 0 and 150 microseconds)

tape observations has its limitations; and this
is obvious from the asymmetric stimulation pat-
tern that resulted with this method. The double
support data indicated that due to the asymmetry
in the pattern, the subject was better able to
transfer weight from left to right foot, than the
other way around. The modifications that may
improve the weight transfer in this case are the
addition of strong right hip abductors during
left swing phase and the activation of right hip
extensors during double support.

Some of the limitations in increasing the speed
of walking are the amount of time that it takes
to achieve a desired motion such as hip flexion
and knee extension after the muscles have been
activated. Higher stimulation frequency can
improve the response of the muscle but it may do
so at the expense of early fatigue. Further,
better hip extension, abduction and push-off will
increase the forward transfer of weight. Current=—
ly only the soleus is used for plantar flexion
which In normal individuals accounts only for
about 50% of the total plantar flexion force.
Increasing the strength of the muscles used
through electrical stimulation exercise may also
further improve the walking.
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CORRELATION OF CLINICAL PROFILE WITH GAIT PARAMETERS IN THE SCI
POPULATION: A BASIS FOR FES PATIENT SELECTION?

P. Barto, J. Gronley, J. Perry, H. Yoshida

Pathokinesiology Service,

ABSTRACT

Improvement in FES gait assist success requires
the ability to select appropriate candidates as
well as to incorporate the patients' residual
function within the stimulation plan. Correlation
of clinical features of the SCI patient with gait
effectiveness has not been documented. According-
ly, six clinical characteristics were evaluated in
a group of 19 incomplete SCI patients and findings
were related to velocities and joint motions re-
corded during gait. Spasticity, selective muscle
test strength, upright motor control and patterned
muscle test strength were found to be associated
with velocity, and swing hip and knee flexion ob-
tained. Gait performance was unaffected by the
proprioceptive or range of motion characteristics
of this group.

INTRODUCTION

The existing SCI population in the United States
has been estimated to number from 150,000 to
500,000 persons. Seven to ten thousand new
injuries occur each year (1). Despite treatment
by bracing and therapy, ambulation is achieved in
only 25% of the population (2), reflecting a need
for a better solution to this problem. Current
research in the use of functional electrical stim-
ulation (FES) to activate centrally denervated
muscles has suggested that FES may be a viable
modality for restoration of ambulation in selected
SCI patients. While preliminary FES efforts have
resulted in slow gaits, improvements are expected
in the future with greater use of implanted
systems and improved stimulation plans.

Kralj (3) and Stanic (4) have suggested that FES
effectiveness will be enhanced by inclusion of

the patients' Timitations as well as arsenal of
preserved movements into the stimulation sequence.
Most commonly, attempts to identify residual capa-
bilities have utilized observational gait analysis
or clinical test results. The main limitation in
using observational gait analysis to define re-
sidual function is its inability to differentiate
weak or absent agonist action from excessive
antagonist action or Timited mobility. Hence,
clinical testing also is indicated but correlation
of specific clinical features with walking ability
has not been well documented for this population.
The purpose of this study was to relate the clin-
ical features of patients with incomplete SCI
lesions to gait effectiveness achieved. Knowledge
of the effects of clinical characteristics on

gait performance should enable a more informed
selection of suitable FES candidates as well as
stimulation regimes.

MATERIALS AND METHODS

Nineteen patients with incomplete SCI lesions and
inadeduate swing flexion were identified from
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Rancho Los Amigos Medical Center

Rancho Los Amigos Medical Center outpatient SCI
clinics to participate in this study. Level of
lesion varied from C4 to T12. Functional ambula-
tion classes spanned physiological to unlimited
community ambulation with gait velocities ranging
from 3 to 60% of normal.

Six clinical test procedures were performed to

identify the clinical profile of each patient.

Patient response was monitored by dynamic EMG,

motion and stride analysis. Test findings were
related to patient gait characteristics.

The residual motor power that could be activated
by the patient was evaluated by means of standard
manual muscle tests to identify selective control,
patterned strength tests to measure mass flexion
and extension capabilities and upright motor con-
trol (UMC) tests of the hip, knee and ankle to de-
tect primitive stepping and stance mechanisms.
Performance on both selective and patterned
strength tests was graded using conventional cri-
teria. These grades were later converted to per-
cent of normal torque equivalents developed by
Beasley (5).

Range of motion tests assessed passive mobility.
Quick stretch tests of the hip, knee and ankle
antagonists identified the degree of obstructive
spasticity present. Proprioception was checked
at each joint to detect areas of impaired or ab-
sent position sense.

Muscle activity during strength testing, UMC test-
ing and gait was recorded from hip, knee and ankle
musculature by means of dynamic intramuscular
electromyography. Lower 1limb motion was evaluated
in the upright motor control tests and gait by
means of a 2-dimensional motion analysis system
utilizing reflective joint markers to define
pelvic, thigh, knee and ankle sagittal plane
motion. Compression closing footswitches were
used to record stride characteristics of the
patients' gait. Footswitch data were telemetered
to a VA-Rancho stride analyzer for processing and
displayed on visicorder paper to serve as a timing
reference for muscle activity.

Statistical Analysis

Two sample t-tests were used to assess the effects
of differences in discrete clinical attributes on
gait velocity and motion. Where clinical data was
ordinal, Pearson's correlation tests were utilized.
A1l statistical tests were performed with an RS1
software package running on a PDP 11/34

computer.

RESULTS

Clinical features which were found to influence
velocity and swing hip and knee flexion included
spasticity, selective muscle strength, upright
motor control and patterned muscle test strength.
Gait performance was unaffected by proprioceptive
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or range of motion characteristics of this group.

Spasticity

The presence of either moderate or severe exten-
sor spasticity of hip, knee or ankle was associ-
ated with decreased walking velocity. Persons
without hip extensor spasticity walked at an
average speed of 41 m/min whereas persons with
either moderate or severe spasticity averaged
only 17 m/min (p < .001). Similar velocity
differences were seen as a result of knee and
ankle spasticity.

Significantly more hip flexion (26°) was achieved
by persons with absent hip extensor spasticity
than those encumbered with moderate (18° of hip
flexion, p < .05) or strong (15° of hip flexion,
p < .05) hip spasticity. The presence of severe
ankle extensor spasticity also was associated
with decreased hip flexion (p < .001). Swing
knee motion was influenced by knee, ankle and hip
extensor spasticity.

Selective Motor Control

OnTy two patients were able to activate Grade 3
selective strength in their hip flexors. These
two persons walked at a velocity of 56 m/min in
contrast to the 21 m/min averaged by patients
with Grades 0-2 hip flexor strength (p < .01).
Grade 3 or better knee flexor strength was ob-
tained by three persons who were able to achieve
significantly greater velocities (55 m/min) than
those with weaker knee flexor grades (19 m/min,
p < .001).

Different grades of selective hip flexor strength
did not result in statistically different amounts
of swing hip motion but did influence swing knee
motion. Persons with Grade 3 hip flexors dis-
played more knee flexion in swing (55°) than
those with Grades 0-2 selective control (28°,

p < .05). Grade 3 or better knee flexor strength
also led to more swing knee motion (49°) than did
Grades 0-2 strength (29°), however this finding
did not reach statistical significance.

A pertinent correlation between selective muscle
strength and gait velocity was found only by com-
bining all muscles studied (summing the muscle
test scores of the flexors and extensors of hip,
knee and ankle). The best relationship (r = .72)
was defined by expressing muscle grades in Beasley
quantitated values that were established by
measuring torques produced by persons with vary-
ing selective grades. When selective muscle test
scores were assigned their common arbitrary values
(Grade 1 representing 20% of normal strength;
Grade 2, 40%; Grade 3, 60%; etc.), the summed
score displayed a correlation of only .58 with
velocity.

Upright Motor Control

Two persons with strong UMC hip flexion grades
averaged 45 m/min, six with moderate grades
achieved 34 m/min, whereas 11 patients with weak
grades walked at only 18 m/min. Having either a
moderate or a strong hip flexion grade resulted
in a significantly higher velocity (40 m/min)
than that achieved with a weak grade (18 m/min,
p < .005). Persons with either moderate or
strong UMC knee flexion grades also walked at
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higher velocities (35 m/min) than those with weak
grades (19 m/min, p < .05). The rate of hip flex-
jon on the UMC test displayed a correlation of .75
with velocity achieved.

UMC grades were less strongly associated with
differences in swing motion. Persons with strong
or moderate hip flexion grades had 24° of swing
hip flexion while those with weak grades averaged
only 17° of hip flexion (p < .05). UMC scores at
hip and knee were unrelated to swing knee motion.

Patterned Muscle Strength

Two persons were able to activate their hip flexors
strongly in pattern and 10 displayed moderate
strength. One of the individuals with strong hip
flexor grades was a "poor walker" because of severe
spasticity. In general, however, persons with
moderate or strong patterned hip flexor strength
achieved significantly greater velocities (35 m/min)
than did individuals with poor pattern strength

(15 m/min, p < .05). Moderate to strong hip flexor
grades were also associated with improved swing hip
and knee flexion; persons with stronger grades
averaging 23° of hip flexion in contrast to the

14° of hip flexion demonstrated by the persons with
weak grades (p < .001). Swing knee flexion values
were 36° and 20° respectively (p < .05).

Three persons exhibited strong knee flexion in
pattern. These persons achieved significantly
greater velocities (p < .05) than those with weak
pattern strength. Swing knee motion was not in-
fluenced by pattern strength of the knee.

DISCUSSION

In terms of predicting gait velocity to be
achieved, selective Grade 3 flexion at the hip or
knee identified the best walkers, all having
velocities of 50 m/min or greater. (A companion
study to this project has indicated that veloci-
ties at this level are associated with unlimited
community level ambulation in the SCI population.)
Selective strength grades less than 3 were not
predictive of gait velocity. All but one of the
four individuals with Grade 3 hip or knee flexors
also demonstrated an absence of spasticity. The
"good walker" with spasticity was able to utilize
the less involved limb for substitutive maneuvers
during gait.

The challenge then is to differentiate among the
less able persons, those who would be most likely
to respond to FES. The UMC and patterned muscle
tests were able to distinguish intermediate from
poor walkers; persons with moderate or strong
grades on these tests achieved significantly
greater velocities than those with weak grades.
Thus these tests identified a significant muscle
reserve not detected by selective muscle testing
that is available for FES supplementation. In the
presence of strong spasticity, velocities in
individuals with moderate/strong UMC or patterned
muscle test grades were reduced to less than

20 m/min.

The finding that spasticity exerted a strong in-
fluence on velocity and motion achieved confirmed
a previously established selection criterion of
excluding highly spastic individuals from FES
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gait assist (3). Kralj, however, has found that
FES may be of benefit in reducing tone in some
spastic individuals (3). Further research is
needed to document the effects of FES on spastic
muscles during gait and determine whether spas-
ticity is a contraindication to FES gait assist.
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A CLINICAL APPLICATION OF ELECTROTHERAPY FOR ACCELERATING WOUND HEALING

Patrick J. Carley, M.S., R,P.T.
Department of Physical Therapy
Spaulding Rehabilitation Hospital
Boston, Massachusetts 02114

ABSTRACT

Accelerated wound healing has been an observed
effect of low intensity direct current (LIDC)
in the range of 200 to 800 microamperes, but
presently available electrotherapeutic equip-
ment does not provide this particular range of
stimulation. A small and portable LIDC stim-
ulator was specially constructed and utilized
in a study of the LIDC effects on wound heal-
ing rates of thirty inpatients with indolent
ulcers at the Spaulding Rehabilitation Hespital.
The patients in each treatment group were pair-
ed by age, diagnosis, wound size and wound
etiology. Comparison revealed 1.5 to 2.5 times
faster healing in those receiving LIDC. In
addition, there was significantly less debride-
ment, no wound infections and more resilient
healed scars. LIDC appears to be a convenient,
reproducible and efficacious method for
improved healing of chronic open wounds and
warrants more widespread application for the
clinical setting.

INTRODUCTION

There has been an increasing interest in altern-
ative methods for promoting wound healing,
especially for indolent wounds. These particular
wounds tend to be a frustrating aspect of patient
care management for the health care team, physic-
ian, third party payers and most all patients.
There is presently a myriad of products that
offer some possible alternative but as yet most
have been less than satisfactory for these types
of wounds.

The use of electrotherapy has been suggested to
provide beneficial and reproducible healing even
when all other methods have failed. Assimacopoul-
os first reported using a low intensity negative
electric current of 75 to 100 uA at the ulcer
sites.l He concluded that this current acceler-
ated healing and caused a stronger scar tissue
to form. Wheeler, Wolcott and Hardwicke described
the benefits of using low intensity direct curr-
ent (LIDC) for a wide variety of wounds.l0 A
standardized procedure for applying the LIDC was
formulated by these authors. The protocol called
for a current of 200 to 400 uA for normally in=-
nervated skin and 400 to 800 uA for denervated
or decentralized skin to be applied at the wound
site. The negative polarity was to be at the
wound for a 3 day period or until the wound was
found to be aseptic. Following this period, the
positive polarity was applied at the wound site.
The negative polarity was then utilized as the
ground electrode located 25 centimeters proximal
to the wound site. There was a total of 6 hours
of stimulation given in 2 hours segments. These
periods of stimulation were separated by a 4
hour "off" time that accounted for a total of 14
hours for the LIDC application.
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The researchers reported healing rates of 2 to
3.5 times faster than their controls along with
stronger tensile strength of the scar tissue and
anti-bacterial effects in contaminated or infected
wounds. The protocol was repeated by several re-
searchers and similar acceleration of healing
rates, stonger scar tissues, and bacterial effects
with no harmful effects to the patients were de-
scribed., ™79 Ds 7

The use of LIDC electrotherapy warranted consid-
eration in an area of clinical use which desper-
ately needs predictable benefits for healing in-
dolent wounds. However, the LIDC protocol and the
bulky equipment needed to be redesigned in order
to maximize its practical application in the clin-
ical setting. There were many aspects that had to
be considered before establishing the LIDC proto-
col in a clinically operative form, such as pat-
ients schedules, staffing and time constraints.
The LIDC stimulator had to be specially construct-
ed to accurately provide the current and still be
small, portable and easy to operate. It was hoped
that these revisions would maintain the similar
beneficial aspects noted in earlier studies. A
study was organized to collect wound healing rate
data and investigate the effectiveness of this
revised LIDC protocol for the practical clinical
setting.

MATERIALS AND METHODS

Patient Population

A total of 30 inpatients were considered for par-
ticipation in this investigation. The subjects
were paired according to age, diagnosis, wound
etiology, location and approximate size. One mem-—
ber of the pair was randomly assigned to receive
the LIDC protocol while the other would continue
with conventional wound therapy. This would con-
sist of wet to dry gauze dressing, different sol-
ution soaked dressings, whirlpools (hydrotherapy)
or a variety of other techniques. Both wounds
were debrided prior to admission to the study for
recording healing rates and consent forms signed.

Equipment

A small, portable electrical stimulator was spec-—
ially constructed utilizing the latest in inte-
grated circuitry (Fig.l).2 The unit accurately
stimulated at 100 uA increments with only a small
variance of * 10% and utilized a 9 volt battery
as a power source. Audible and visual alarms were
built in for continuity of the prescribed current
level. It also contained an internal 2 hour timer
which would cease the output current and sound an
audible alarm.P The unit possessed a rugged ex-
terior and a plastic clip for attaching to the
patient's clothing.

The electrode material was modeled initially after
the stainless steel mesh electrodes in earlier
studies. The various electrodes were later mod-
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ified from flexible carbon material much more re-
sistant to corrosion and breakage. The material
was gas sterilized at 40°C prior to exposure to
the wound dressing. Each electrode was destroyed
after the individual patients completed the study.

Study Design

The scheduled treatment application of LIDC re-
quired 2 hours of stimulation repeated twice
daily. This was performed 5 days a week. The 2
periods of LIDC stimulation were separated by a 2
to 4 hour pause during which the unit was in the
"off" position. The unit was connected in the
morning and would automatically turn off within
2 hours after initially turning the unit on. It
was restarted again in the afternoon following a
2 to 4 hour pause during which the unit was in
the "off" position.

The wounds, debrided prior to admission to the
study, were irrigated with saline solution and
packed daily with either saline damped gauze or
various absorption gels, The electrode was then
placed over this conductive interface so that it
was not in actual contact with the wound surface.
A waterproof tape or adhesive transparent dress-
ing was applied over the dressing to maintain
Moisture and keep the electrode in place (Fig.2).

The electrode at the wound site was termed as the
active electrode and the electrode 15 to 25 cent-
imeters proximal was termed the ground electrode.
The active electrode was the negative polarity
for the first 3 days of the LIDC application. The
positive polarity acted as ground located in its
respective position. Following this 3 day period,
the polarities were reversed such that the pos-
itive polarity was now at the active electrode
and the negative was acting as the ground. It is
important to note that when the negative polarity
was utilized as the ground, the electrode size
had to be at least twice the size of the active
electrode to avoid possible irritation to the skin.
The positive polarity was then maintained as the
active electrode until the wound healed or aplat-
eau in healing was noted. If such a plateau was
reached, the protocol of negative polarity at the
wound site for a 3 day period was restarted.

Current output levels were set between 300 and
500 uA for patients with normally innervated tiss-
ues and 500 to 700 uA for denervated or decentral-
ized skin. The current level could also be empir-
ically assessed by using this general rule: the
current level was too high if a bloody exudate
appeared, and too low if copious serous drainage
resulted.

Wound healing progression was recorded for both
groups on a weekly basis. Area measurements of
length, width and depth to within the nearest
millimeter was performed by the nursing staff and
recorded without prior knowledge of earlier meas-—
urements. Weekly photographs were also taken with
a Polaroid Land Autofocus 660 camera. Data coll-
ection continued for 5 weeks or until the patient
was noted as healed.
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RESULTS

There were a total of 30 inpatientsin the invest-—
igation and Table 1 provides a general description
of the study population with regard to the paired
groups. The patients that used the LIDC appliec-
ation showed a 1.5 to 2.5 times faster healing
rate when compared to their paired controls. The
overall healing rate was twice as fast for the
LIDC group in addition to the other beneficial
effects of this treatment. Table 2 shows the over-
all healing mean on progression for both groups.
One example of accelerated healing noted in the
LIDC group is shown in a sequence of three pic-
tures taken in two week intervals after the LIDC
protocel was initiated (Fig. 3).

An additional effect noted in the LIDC group was
a stronger scar tissue noted upon palpation of
the wound closure and the original wound margins.
Highly contaminated wounds became less colonized
and no wound infections occured with either the
Stainless steel mesh or the flexible carbon elec-
trode materials. The LIDC group did not require
any further debridement once the wound was prop-
erly debrided at the onset by either surgical or
enzymatic methods. There was an overall subject-
ive response of decrease in the pain and discom-
fort that usually accompanies an open wound when
compared to the control group. This was unsolicit-
ed by the investigator or the health care staff.
In addition, there were no harmful effects noted
in patients during the application of LIDC.

The control group presented a slower healing rate
with respect to the paired LIDC group. The scar
tissue showed the lines of contraction typically
seen in a healed wound. The healed tissue appear-—
ed thin and fragile, and at times would have re-
opened at follow up outpatient re-examinations.
The control wounds would typically redevelop
eschars that required repeated debridement as
often as every two weeks. This resulted in a con-
siderable amount of pain and discomfort in add-
ition to what the patient was already experienc-
ing while the wound was slow in healing. Many of
the control patients were discharged home with
the eschars still over the unhealed wound site.

DISCUSSION

The LIDC protocol and equipment adapted for the
clinical setting demonstrated the similar benefic-
ial effects to those reported in earlier literat-—
ure, especially the acceleration of healing rates.
The day-to-day use of the equipment and protocol
was easily carried out by the nurses or physical
therapists and sometimes even the patients. The
dressing technique and materials were compliant
and required the same amount of time to apply as
did the conventional dressings. The specially
designed LIDC unit was both small, portable and
simple to operate by the staff and patients. The
unit was conveniently attached to the patients'
clothing and was connected to the wound-ground
electrodes by thin insulated wires usually found
with TENS units. Thus it provided an ease of move-
ment by the patient while maintaining the accurate
current dosage of LIDC. The staff and patients did
not find the LIDC unit to be a hindrance during
activities of daily living or their participation
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in therapy programs.

The beneficial effects of a stronger scar tissue
and bacterial influences were important in the
clinical setting. Sometimes these factors become
significant when considering discharge or poss-
ible complications of patients during their al=-
ready extended stay in the hospital. The subject-
ive response of decreased pain and discomfort ex-
perienced by the LIDC group was unexpected and
unreported in prior research. This positive ef-
fect could possibly be explained by the suspected
analgesic effects of direct current stimulation.

This mode of electrotherapy should be considered
for the clinical settings especially when consid-
ering the reproducible benefits of the LIDC app-
lication, non-harmful effects, and ease of clin-
ical treatment and operation. Judging from our
experience with LIDC, it could become the treat-
ment of choice for treating indolent ulcers rath
er than the fruitless experimenting with methods
that show little improvement of healing. Other-
wise, it would remain frustrating to ourselves,
third party payers and most of all, the patient
and families who must endure pain and discomfort
and possible amputations. The technology and ma-
terials are presently available to seriously re-
consider this beneficial use of electrotherapy.
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WEIGHT TRANSFER TRAINING USING
BIOFEEDBACK AND ELECTRICAL STIMULATION

Paul M. Meadows, M.S., Carolee J. Winstein, M.S., R.P.T.
Bruce R. Bowman, Sc.D.
Rancho Los Amigos Rehabilitation Engineering Center

ABSTRACT

A training system has been designed for persons
suffering from impaired gait function due to
cerebrovascular accident or trauma, to recover
static and dynamic standing balance and weight
transfer skills that are fundamental to gait per-
formance. The device uses electrical stimulation
and video graphics with audio cues as biofeedback
during the training exercises. Patient responses
are analyzed locally by the device with results
available on CRT and/or printed and plotted with
an integral thermal graphics printer and can also
be stored on tape for later transfer to a host
computer for offline analysis.

INTRODUCTION

Many persons who sustain a cerebrovascular acci-
dent or an injury to the head are initially unable
to walk or are able to walk only with a great deal
of assistance. These persons may also be left
with impaired function of their hand and arm. For
these individuals, extensive gait and upper ex-
tremity training is required to assist them in
achieving their maximum functional potential.
During the months following the initial trauma,
the patient will spontaneously recover many of the
motor skills. The therapist will try to prevent
further debilitating effects such as disuse atro-
phy, abnormal movement patterns and joint contrac-
tures while attempting to accelerate the recovery
process during the treatment period.

Preliminary results (1) which examined gait and
balance parameters in adult hemiplegic subjects,
before and after a four week intensive rehabili-
tation program, indicated that subjects improved
by Tearning to rely more on their less affected
1imb. This strategy leads to the development of
abnormal movement patterns and an asymmetrical
gait. Specific parameters which did not improve
with rehabilitation were: percent of body weight
taken thru the cane, and percent of body weight
borne thru the involved 1imb during quiet standing
as well as lateral and anterior-posterior weight
shifting onto the affected 1imb. It was therefore
proposed that a specialized weight transfer train-
ing program using performance feedback and elec-
trical stimulation be implemented during rehabili-
tation in order to facilitate the incorporation of

the affected Timb into balance and gait activities.

BACKGROUND

Biofeedback has been used both to encourage and to
Timit weight bearing in stroke patients. One such
device is the Limb Load Monitor (LLM) (2). The
LLM consists of a pressure-sensitive transducer
built into a shoe insole and a control box worn on
the belt which emits an auditory signal whose
pitch is proportional to the pressure applied to
the transducer. This type of device has utility
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in gait training, but its usefulness is limited
by the accuracy and reliability that can be
achieved in any kind of transducer that attaches
to the foot of a person with abnormal gait.

A training program was evaluated at Rancho Los
Amigos Hospital which combined bjofeedback of
Jjoint position and electrical stimulation of pa-
retic musculature to facilitate wrist extension in
hemiplegic patients (3). The equipment included
an adjustable table to support the arm, a visual
and auditory display unit, an electrogoniometer
and an electrical stimulator. A patient was seat-
ed at the table with his arm stabilized to isolate
wrist motion. Following a signal from the display
unit to initiate exercise, the patient performed a
maximal voluntary extension effort. The display
unit provided continuous auditory and visual feed-
back, proportional to the amount of wrist motion.
After the patient achieved a pre-set threshold
angle, a success light was displayed, a repetition
counter was incremented and electrical stimulation
was applied to obtain a full joint extension.
Following an appropriate rest period, the patient
was signalled to make another effort.

A group of 30 hemiplegic patients was randomly
divided into two groups, one which received posi-
tional feedback stimulation training and one which
did not. With the wrist positioned in 30 degrees
of flexion, average isometric extension torque in
the control group increased 0.13 Newton meters
while the study group improved an average of more
than 1 Newton meter. This finding represents a
70% increase over the study group's initial torgue
of 1.5 Newton meters. Both control and study
groups started the program with nearly equal
average torques.

The concept of positional feedback and electrical
stimulation has also been applied to the lower ex-
tremity with success (4). A study of 20 control
and 20 study patients demonstrated a 67% increase
in knee extension torque for study patients com-
pared to a 260% increase for the control patients.
Active range was also significantly greater for
those patients treated with positional feedback
and electrical stimulation at the knee.

SYSTEM DESCRIPTION

The Standing Feedback Stimulation Trainer consists
of a platform containing two forceplates that mea-
sure vertical forces only, a control consol, cus-
tom microcomputer, and an audio/visual display
system for feedback of information about the dis-
tribution of weight between the two forceplates,
and a structure to provide support for the patient
and forceplates.

The audio/visual display is mounted on a stand
directly in front of the patient. A regime of
feedback similar to the successful method of treat-
ing motion of the wrist, elbow, and knee is used (3).
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The video display consists of a monochrome

512 X 416 pixel video graphics system upon which
various animated stick figures and graphics sym-
bols will impart position and balance information
to the patient. For example, lateral shifting of
weight from side to side is depicted by a stick
figure standing with legs spread apart on a
'teeter-totter', the angle of which is propor-
tional to the relative weight distribution of the
patient.

The forceplates measure 12.5 inches wide by 25
inches in length and are supported at the corners
by aluminum beams. Attached to these beams are
metal foil strain gauges, each of which is capable
of detecting vertical forces in the range of 0-50
pounds with a linearity error and hysteresis of
2%. The strain gauge amplifiers for each plate
are located just in front of the plates to reduce
electrical noise. The eight outputs of the strain
gauge amplifiers are sampled by the microcomputer
via eight sample and hold amplifiers whose outputs
are sequentially measured by a 12 bit analog to
digital converter (ADC). This configuration eli-
minates drift in potentials measured due to the
conversion time per channel required by the ADC
and essentially captures a slice in time for the
forceplate activity. The data collected may then
be used to determine total force and also quite
easily the location of the center of that force
for determining lateral and fore-and-aft motion
about the plates.

The microcomputer houses the analog sample and
hold circuitry, ADC, video graphics controller
which can generate vector and character commands,
a tape controller for a small digital cassette
tape drive, power supplies, and a thermal graphics
printer which is able to print and plot the re-
sults of the treatment runs. Command entry for
the system is made via a video terminal operated
by the therapist.

The tape drive is used to record the actual raw
data collected by the system for later analysis by
a larger computer system. A serial port is pro-
vided for transfering the data stored on tape to
the larger computer. Initial projections are that
data from the force plates will be sampled at 50
Hertz and that the data will be stored in memory
for trials lasting up to one minute. At the end
of a trial, a data record is written to the tape
and then another trial can begin. This recording
scheme can be altered to store only resultant fore-
and-aft and lateral body weitht shift percentages
to reduce the data storage requirements and thus
to extend the trial time or sample rate. Concur-
rent sampling and storage on tape is a possibility
as well.

The therapist is able to take a weight reading
using the control unit and enter the percentage of
body weight to be used as the goal thresholds for
loading of the involved Timb. Based upon the goal
threshold values, with and without stimulation,
automatic sensitivity scales are set for the
feedback display unit. The control unit can also
be used to read out previous efforts of perfor-
mance by the patient and monitor how much of the
weight relieved by the non-involved leg is being
taken by the hand for stabilzation (differences
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between the sum of the two forceplates and total
body weight).

A dual channel stimulator is used which the ther-
apist can set stimulus amplitude levels to be used
for stimulation of the quadriceps, gluteus max-
imus, medius muscles, or gastrocnemius used for
facilitating voluntary effort. The stimulator is
turned on and off by the microcomputer according
to rules established by the therapist at setup
time. Several options are available, such as on
and off at specific balance percentages, etc.

TRAINING PROCEDURE

The goal of this project is to provide the ther-
apist with a clinical tool to improve the pa-
tient's standing balance, weight transfer skills,
ability to maintain weight bearing on the involved
limb, and ability to control ankle plantarflexion.
Specifically, it will focus on patients with the
following problems:

1. Those who have ambulation potential, but who
cannot begin gait training because they cannot
bear weight on the involved leg and/or do not have
adequate balance while standing.

2. Those who are ambulating, but a) have a gross-
1y asymmetrical gait due in part to their inability
to transfer and maintain weight on the involved
1imb and/or b) are hesitant about placing the foot
of the involved leg ahead of the opposite foot be-
cause they are insecure about transferring their
weight onto the involved 1imb in that position.

3. Those who are ambulating but have inadequate
plantarflexion control in mid- and/or terminal
stance.

4. Those who are ambulating, but have an unstable
gait due to inadeauate balance.

The trainer provides the use of the following six
tasks for training static and dynamic balance:

Task 1: Patients lacking ability to laterally
transfer weight to the involved 1imb will stand
with one foot on each forceplate. They will be
instructed to shift weight from the uninvolved
1imb to the involved 1imb each time a 'start'
light appears on the feedback display unit. As
they do so, information about weighting the in-
volved 1imb will be continuously displayed. For
those patients who are unable to shift all of
their weight onto the involved limb and hold that
position for a short time, electrical stimulation
of the hip and knee extensors will be initiated
near their weight bearing 1imit. Stimulation will
provide facilitation and support for the patient
to continue loading the involved 1imb. The system
will record the number of repetitions of the task
and the maximal degree of weight transfer with and
without stimulation.

Task 2: The patient will be asked to stand with
one foot on each forceplate and their weight evenly
distributed between the two. The task is to main-
tain an equal distribution for a time period es-
tablished by the therapist. Visual and auditory
feedback will be used to indicate to the patient
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that he is leaning to the right or left. Electri-
cal stimulation o% the appropriate hip extensor
and abductor muscles will be available as an op-
tion to provide an additional cue to the patient
that he needs to activate specific muscles to re-
sume a posture of equal weight distribution. Var-
ious parameters, such as the number of times the
patient exceeded various levels of assymetery or
the integral of the absolute value of the devia-
tion from equal weight distribution, will be
automatically calculated and available in printed
form.

Task 3: With one foot on each forceplate, the pa-
tient will be asked to shift his weight from one
1imb to the other to track a moving signal on the
screen of the display unit. A command signal will
move at random or according to a predetermined
pattern from side to side, similar to tasks per-
formed by previous training devices (5,6). A
second signal will be controlled by the patient.
Shifting his/her weight to the left foot will
cause the signal to move to the left and vice
versa. Their task is to shift their weight to
follow the command signal as closely as possible.
Electrical stimulation will be used as in Task 2,
as a cue, when the patient is too far out of
range of the command signal. Parameters such as
the integral of the absolute value of the dif-
ference between the two signals will be recorded.

Task 4: Patients who have difficulty in maintain-
ing stability at the knee and hip of the involved
1imb during gait while weight is transferred from
the uninvolved 1imb to the involved 1imb will be
positioned so the foot of the involved 1imb is on
the forceplate while the foot of the uninvolved
limb is positioned posteriorly. Their task will
be similar to that described under Task 1, except
that they will now be shifting their weight for-
ward and backward instead of laterally.

Task 5: To improve plantarflexion control during
mid-stance, the patient will be fitted with a knee
brace on the involved side fixing the knee in 20
degrees of flexion. Both feet will be positioned
evenly with the involved side metatarsals on the
forceplate but the heel on the floor to the rear
of the forceplate. A padded positioning bar will
be placed against the calf musculature to fix the
tibia position and limit the ankle from going into
more than 10 degrees of plantarflexion. Patients
will be instructed to plantarflex their foot each
time the 'start' light appears on the feedback
display unit. Information described under Task 1
will be indicated on the feedback display unit.
When the goal threshold is reached, electrical
stimulation of the gastrocnemius will be applied,
thus facilitating their voluntary effort.

Task 6: To improve balance during single 1imb
stance, the patient will be asked to stand with
one foot on one of the forceplates while sliding
his other foot forward, backward and to the side.
Stimulation of the hip and knee musculature of the
involved extremity to provide adequate support
will be used as necessary. Feedback will be used
to show the patient how much weight is being sup-
ported by the support Timb during the task. When
the patient becomes sufficiently skilled, they
will be asked to maintain their balance on one
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1imb while the opposite foot is 1ifted off the
floor.

SUMMARY

The weight transfer trainer system described above
utilizes successful techniques of Biofeedback
coupled with electrical stimulation in a series of
structured training tasks to recover static and
dynamic standing balance and weight transfer
skills in persons suffering from impaired gait
function due to cerebrovascular accident or trauma.
On line analysis of patient performance as well as
the capability of detailed offline analysis sug-
gest that this type of device could play an im-
portant role in the rehabilitation process.
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9.1 Limitations of Augmentative Communication Systems
in Progressive Neurological Diseases

J. W. Murphy
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ABSTRACT

This paper presents a case study of
an individual whe at 44 began ncticing the
effects of amyotrophic lateral sclerosis
(ALS). Recommendations addressing the
increasing communicative needs of this
individual were developed and implemented;
however, training and use of the systems
suffered. This paper analyzes the observed
breakdowns of augmentative communication
system use and the effects that technology
and personal attitudes might have on the
ev=2ntual functionality of augmentative
communication systems.

INTRODUCTION

Recent technelogy has provided severely
disabled individuals with a means of
communicating their needs. Even
individuals wtth very limited motor
control are often able to access
communication systems with sophisticated
interfaces, allowing them to generate
messages with either printed or voice
output. Problems exist when the
individual's disability inveolves a
progressive degeneration of the motor
system. Over time, systems originally
recommended to suit the individual's needs
become less functional or non-accessible
because of the severity of their disease.

BACKGROUND

The case discussed here was originally
referred to the Assistive Device Center

for assistance with his communicatien. At
that time this patient was diagnosed as
having amyotrophic lateral sclerosis

(ALS). Due to respiratory complications,

he had a tracheostoma and could not speak.
He communicated by writing messages and
occasionally pointing te pictures.

Given the severity and the progressive
nature of ALS, the reccmmendations
developed allowed for progressive loss of
moter ability. Twoe eptions which
addressed the need for an augmentative
communication system were proposed.
First, a microcomputer-based communication
system which would allow him te select
entire words or spell his messages was
recommended. Word processing capabilities
would also be included. Initially, the
client could access the keyboard directly
and later, through a system of flexible
interfacing, he could access a single
switch used for keyboard functions when
standard keyboard use was no longer
possible.

120 RESNA 8th ANNUAL CONFERENCE

Option two provided various communication
systems including a hand-held typewriting
device such as a Cancn Communicator
(Telesensory Systems Inc.), or the Sharp
Memowriter EL-7100, or the Zygo
Communicator—-matrix coemmunication device
(Zygo Industries). Switches to be
activated by the hand and/ecr head movement
were recommended in the event that the

Zygo Communicator was implemented. These
two coptions addressed the need for
functional expressive language; one that

avoided "yes-no" answers to questions

posed by others, thus limiting his choices
and messages. In addition, the
recommendations assumed that the client
would lose the functions necessary to
operate the initial interfaces recommended
(a keyboard accessed with his hand);
requiring the implementation of

alternative selection modes (a single
switch activated first with gross hand
movement, then with head movement).

Three years later the client was referred
for a reassessment of his communication
needs. During those three years a Canon
Cemmunicator was purchased; however, at

the time of the referral, he had been
unable to use the Canon for several months
due to lack of hand contreocl. His
communication consisted primarily of
"yes-no" responses; no other means of
spontaneous message initiation were
observed, and he could not voluntarily
signal an attendant or family member in
emergency cases. Due to the progression of
ALS, his only reliable movement was

raising his eye-brows. A scanning
communicator (Zygo Scanwriter) which
allowed selection and printing of letters
by sequential activation of the brow
wrinkle switch (Prentke Romich, Inc.) was
recommended.

The relative scphistication of this second
recommended system provided the client
with the necessary technology; enabling
him to access a system with very limited
residual motor control. The communication
system recommended here challenges

current commercially available technolegy,
in its most sophisticated form. In
addition, the recommendations address the
nessessity to match specific client needs
to commercially available devices (1). The
solution attempted to solve such
complications as the variability between
the client's physical abilities, the
complexity and rate of change of

technology incorporated into assistive
devices and the wide range of devices for
various disabilities.
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After a three month period for acquisition
of the recommended system components,
device recommendations were implemented

and training for system use was initiated.
After five one-~hour sessions, the client
failed to demonstrate a functional use of
the system. He did not attempt to

initiate, nor did he attempt to respend to
his audience. Explanations addressed to
analyze this dilemma cecver a broad range

of topies.

DISCUSSION

First, the client was without a
communication system for approximately
nine menths from the time that use of the
Canon was no longer possible and a new
system was available for his use. The
time without a functional means to
communicate prebably contributed te a
dependent role termed "learned
helplessness". Even given extensive
training, the client remained largely
dependent upen others to assist his
communicative needs, taking con a
"respondent role", never initiating
communication (2) . Learned helplessness
appears to be the result eof the client
experiencing things over which he has no
control (i.e., in this case, the extended
time period witheocut a ceommunication
system) . Later, even when he could
the situaticon, he remaired passive
not initiate actions to centrol his
environment.

control
and did

In an attempt to determine other causes

for his non-cemmunicatien, we used a

series of yes-no questions. The client
indicated that he "had nothing to say™.
Topics began te shrink, requests to plan
the day's menu for lunch and dinner were
not even ccmplied with. These types of
topics had been of sigrificant interest to
him when using his Caren communicater.

Analysis of the interpersonal relations
between family members was alsc

considered. Previous communicative
interactions with members of his family

are not known; thus, it could be possible
that very little interaction tock place.
Additionally, certain personalities assume
a very reserved role. He might have not
been the "talkative" type.

The demands of the technoclegy used may

alsc have played a rele in this situatien.
The client was fitted with the most
sophisticated communicatien system
available. Scanning, as a selecticn mecde
is a complex process and is cognitively
more demanding than alternative modes
(i.e., direct selecticon) (1). The physical
selection mode consisted of the
brow-wrinkle switch which was the only
available interface given the client's
demanding needs and residual motor
control. As time wet on, even this switch
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became unuseable, and an infrared ccular
switch was procured (Words+). The
difficulties in setting up and adjusting
this switch further contributed to

preblems of use and may have resulted in
even less use of the overall system. All
the features contained in this system may
have had a negative effect en the client's
appreach to system use, as well.

CONCLUSIONS

Based on cur experience with this client
and others using similar technolegy, we
can offer these general conclusions:

l. Provision cf an augmentative
communication system, in cases of
adults who previcusly had speech,
must be timely. We have observed
that clients who were provided with
systems as soon as possible were
able to aveoid the "learred
helplessness". These systems have
often been very simple word beards
employing manual scanning. These
clients also became better users of
electronic systems.

2. Consideration must be given teo
communication needs of the client
and the family. Interpersonal
relationships may fester dependence
and each family member's agenda may
differ. Since severely disabled
clients are dependent c¢n able-
bedied family members or care
providers te "set them up" on the
system (e.g. attach the switch),
and tec initiate commuricatien with
them, this may be a deterent to
successful use.

3. We must view the entire
augmentative communication prccess
from the client's peint of view,
rather tharn a sterectypical model
of successful cemmunicaticn. The
client may not wish te communicate
or to interact. If so, we should
respect that position.

4. Even in cases such as the one
presented here, clients have a
right te make their own decisions
regarding system use. Without the
procurement of a system, this
client would not have been able to
make a decisien as to the cest/
benefit tradeoffs in using it to
communicate.
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COMMUNICATION MAPPING FOR SEMANTIC COMPACTION SYSTEMS

Bruce R. Baker, BCS Consultants

840 Rolling Rock Road
Pittsburgh, PA 15234

ABSTRACT

A form of artificial intelligence
called semantic compaction can enable
communication aid users to output
sentences and word groups rapidly. To
exploit this technique requires that an
individual's communication needs and
wants be viewed in a systematic manner
termed semantic mapping. This paper
supplies the rationale for sueh mapping
as well as giving a basie guide to the
elinician or aid user concerning how to
proceed. This will apply to high func-
tioning individuals as well as those
who are mentally retarded.

Semantic compaction, whose commerecial
name is MINSPEAK, is a type of concept
keyboard, whieh, though having a
restrained number of images (about 60
is average) has the capacity to define
whole sentences in 5 or fewer
keystrokes. The system is now in use
in over 100 sites across the United
States, Europe, and Australia.

Semantic stands for "meaning".
Compaction stands for "shortening."
Semantie compaction is a new technique
in relation to computers; it operates
on the level of human meaning. It
associates an image illustrating a
concept--suech as food, maleness or
femaleness, time, or heat -- with a
key.

The therapist or user programs the
device by typing in full sentences
using letters. He or she then selects
a sequence of concept keys -- usually 3
or 4 -—to represent that sentence.

From then on, the user can access the
entire sentence with only 3 or 4
keystrokes.

The opportunity that semantic
compaction offers the users of a
communication aid is potentially
revolutionary. If an aid user were to
have at his disposal hundreds of
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sentences designed for the many
contingencies of daily life, he or she
would be able to have something to say
on many occasions and would not have to
go through the laborious task of
composing utterances through letters or
word abbreviations. But, how to
compose such a list of sentences?

If severely handicapped individuals are
going to get the most out of a
communication aid or use it at all, in
some cases, they must be able to output
utterances quickly and easily enough
for them to appreciate the power of
language output. With semantiec
compaction, they can do this. Whole
utterances couched in appropriate
language can be output by striking
several or even a single key. But, how
does one compose such a list of
appropriate utterances that will peak
the interest of users?

While many elinicians are quite skilled
at giving their clients and patients

the elements of communication --that is,
some spelling skills and/or some word
assembly abilities --it is quite a
different task to look at the overall
communication patterns of a person's
life.

The reasons for this are various and
complex. First, as communicators
themselves, elinieians suffer from
certain natural blind spots. People
are often their own worst observers.
Second, the science of linguisties has
not developed fully its branech of
semanties. This has had effeets all
down the line in scientifie research.
One of these effeets is that there is
no means to prediet absolutely a
person's semantic needs.

What this paper will propose are a
series of considerations coneerning
semantic mapping. Perhaps a definition
of semantic mapping is appropriate
here. By it, we mean a schedule or
paradigm that will allow a elinician to
look at a person's communication needs
and desires in a more systematie and/or
predictive way.

We shall proceed in an anecdotal manner
at first in order to capture some of

the realities of communication aid use.
The following demonstrates what happens
with a traditional aid that does not use
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speakers but inexperienced at the
specialized needs a device user
encounters. Namely, needs for language
can be: quieckly retrievable,
appropriate, productive, flexible (fits
many situations), individualized
(eclever, insightful, proper, bright,
witty, zestful), potentially easily
modified.

Semantie mapping offers exactly what
the term suggests. A direetion through
the seemingly endless "jungle" of
vocabulary selection, phrase and
sentence sequeneing to arrive at a
systematic means of expressive
development with a communication
device.

Choices are much easier if delineated.
Targeting communication environments
and proposing a possible 10 to 50
phrases and sentences within the
environment provides a mueh needed
organization to the task of choosing.

Now the clinician can review the
environments using her personal
knowledge of the client and make the
initial determinations.

1. What environments does the client
presently interact within.

A. What possible phrases or sentences
would produce the greatest "pay-off"
for the elient within these
environments immediately.

B. What possible future additions
within these environments might be
realistie goals.

2. With careful planning for
implementation, what new environments
would have positive developmental
potential.

A. Selection of the number and types
of new environments would be based on
careful analysis of the client's total
program.,

B. Linguistic and coneceptual
development would, by necessity, be
greatly interwoven within these goals.
3. What practice activities could be
integrated into therapy sessions and
classroom tasks.

A. Determining a realistie number of
new phrases for a "3 week period" to be
practiced in a drill fashion.

B. Setting forth skits and role
playing seenes for interactive
practice.

C. Planning field trips to "test" the
new-found skill.

Ironically, once the eliniecian has set
forth a plan of this type, the
individualizing can then easily be
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accomplished. Presenting the "Semantiec
Map" to the elient with further
delineated choices allows the client
involvement on an appropriate level.

For example, let's say the elinieian has
chosen the communication environments:
Greetings, Partings, and Introductions
as the most immediate "pay-off" areas
for the eclient. Using the Semantic Map
as a guide she explains to the client
the rationale and expectations within
these choices. She further explores
social implications within the
different items under each. Now, the
client can make choices, with elinician
counseling, such as, "that phrase is
longer - you risk losing listener
attention; that one is proper anywhere
- but rather ordinary. You could take
them both - but that inereases the
number of new items to remember and you
would have to use the right one in the
right situation."” (One cannot help but
be reminded of verbal language
development and pragmaties that go on
within mother-child modeling and
development).

The procedures we have been discussing
are now coming into focus because
semantic compaction is allowing for the
rapid and appropriate output of so many
different sentences.

This process is radically different
from abbreviation systems where a
sequence of letter or numbers is taken
to represent sentences. For instance,
"idu" can be programmed to stand for "I
don't understand”. However, after 50
or more sentences, it becomes hard to
make the letter codes bear any relation
to the words in the sentences. As the
codes become more and more arbitrary,
users begin having trouble recalling
what sentences they have stored and
under what codes they have stored them.
Semantic compaction, on the other hand,
allows the user to operate on the
meaning level at all times.

If they have participated in a semantiec
mapping of their life situations, they
can have a large linguistic repertory
to express across a wide variety of
situations in a timely and
individualistiec manner. Clinical
support materials for semantic mapping
are available from the Schneier
Communication Unit in Syracuse, NY;
Crippled Children's Hospital School in
Sioux Falls, South Dakota; the Prentke
Romiech Company of Wooster, OH.
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semantic compaction or semantic mapping.

Envision a scene in whieh an
augmentative communication device user,
Donna, is visiting a physician's office
The purpose of the visit is for a
routine physical examination and to
request a support letter for vocational
training. The doctor has not seen
Donna for two years and is unfamiliar
with her use of an augmentative
communication device.

Donna needs to impress the doctor that
she has sufficient funetioning to
warrant investment in vocational
preparation. The bulk of this
responsibility lies with her
communication.

The attendant assists Donna into the
doctor's office and they wait. As the
doctor enters he is asking the
attendant, "How's Donna doing, it's
good to see her again - just exactly
what's the problem with her today?"

The attendant smiles and motions to the
communication device, saying, "Well,
she's pretty good doctor, we just came
to get this routine physical exam form
filled out. Donna wants to tell you
something here - herself - here...."

The doetor stops and looks at the
device asking, "Well, well, what is
that thing -- some sort of computer,
huh? What's she use that for - school
work and suech?"

"Yes and to communicate," the attendant
answers.

Since the doctor's arrival Donna has
been working diligently with her
communication device. She is now
watehing the attendant and the doctor
and as the doetor begins to rummage
through her chart saying, "Well, let's
see, we probably better look in your
ears here." She presses a button and
the device says, BTAM O:K. I'"D LIKE
TO TALK TO YOU ABOUT MY FUTURE."
Doctor: "Oh, it talks too - whaddit
say?"

Donna has the machine repeat, and the
doctor looks to the attendant, who
says, "Oh, she's just telling you we
came here to get you to write her a
letter of support for vocational
training.”

Doector: "Oh, yeah - like what do you
have in mind, I mean is she thinking
there's something she can do - like
where would she be going? You know,
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I've known her since she was a tad..."

Donna still is diligently typing into
her device, it finally says, "PLEASE
LET ME TELL YOU I WANT TO GO TO
MARSHALL COLLEGE."

The scenario finishes with the doector
confessing he is very short on time

- maybe he should just do the exam and
the attendant can call his nurse and
let her know what this is "all about."

Let's suppose we could replay that
scene. As the doctor comes into the
room, Donna makes 2 strokes on a device
using semantic corpaction, and it says,

"HI HOW ARE YOU?" 2 more strokes, L |
AM USING THIS DEVICE TO TALK TO YOU.
PLEASE LISTEN CAREFULLY. IT WILL
BECOME EASIER TO UNDERSTAND WITH
PRACTICE."

The doctor stops and says, "My God,
whaddid that thing say?"

Donna has the machine say it again.
The aid points to the liquid erystal
display where it is printed out. 2
strokes, "I NEED YOUR HELP. 2
strokes, I FEEL FINE. 2 strokes, I
NEED YOU TO WRITE A LETTER FOR ME. 3
strokes, THE LETTER WILL BE TO STATE
VOCATIONAL TRAINING."

The doetor says, "Yeah, o.k., what am I
supposed to tell them?"

3 strokes, "I AM HEALTHY. 3 strokes,
I WANT TO TO GO MARSHALL COLLEGE, 4
strokes, TELL THEM YOU THINK IT IS A
GOOD IDEA."

The difference in these scenes is not
the people involved. 1[It is the
application of semantiec mapping and
semantic compaction.

A familiar scene in therapy sessions is
a eliniecian requesting a elient to
"tell" her what he wants programmed
into the memory portion of the
communication device. There inevitably
ensues a "down period" in whieh each
does nothing. Then the elinician
frequently will begin to propose
possible random items;i.e., "Well, how
about your name, your dorm number, your
favorite TV shows, your friends'
names."

As unflattering as this may be to the
professional, when analyzed from an
objective view, it is not unexpected.
Clinicians are experienced, interactive
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9.3 A MODEL FOR INTERNATIONAL EVALUATION OF
AUGMENTATIVE COMMUNICATION DEVICES

Betty-Jean MacDonald
Assistive Devices Program
Ontario Ministry of Health

Penny Parnes
Augmentative Communication
Hugh MacMillan Medical Centre

Toronto, Canada

A model to promote high quality,
efficacious communication devices
by providing organized feedback to
users, clinicians and those who
develop and manufacture devices is
presented. An internationally
organized system for assessing
devices is proposed which includes
evaluation of such factors as:
safety, reliability, ease of
modification, input requirements,
storage capabilities, output
specifications and clinical
efficacy ratings. Devices would
be evaluated in clinical settings
with the information being
collected regionally, then
nationally and internationally,
with dissemination occurring
internationally through existing
networks.

BACKGROUND

The field of augmentative
communication has shown tremendous
growth in the past five years.

The introduction of technology to
this field has had a major impact
both in terms of the development
of dedicated communication devices
and the implementation of
commercially available mass-market
devices (including hardware and
software) - both modified and
unmodified to meet the needs of
disabled users.

Consumers, professiocnals,
developers, manufacturers, and
funding agents are confronted with
a critical lack of standards and
information in this area. A model
for international evaluation and
information exchange regarding
augmentative communication devices
is proposed.

Although various protocols for
device evaluation have been

Toronto, Canada

The proposed model presents a frame-
work for international cooperation in
information exchange concerning
communication devices. It is hoped
that such a model will assure that
non-speaking individuals can avail
themselves of the most appropriate
and current technologies to meet
their needs.

FACTORS

To implement an international model
for device evaluation, one must
consider a concise protocol which

is easily completed, is as objective
as possible, and which lends itself
to easy interpretation and
transmission.

Certain key factors and a measure-
ment scale are presented. Parameters
to be evaluated will include:

- safety

- reliability

= durability

- ease of modification

- input requirements

- storage capabilities

- output specifications

- clinical efficacy ratings.

A numeric scale to accompany these
parameters will assure easy
interpretation, and utility across
different linguistic and cultural
contexts.

IMPLEMENTATION

Regional

The depth of evaluation for any device
will be determined by whether or not
it is a device new in concept, or an
updated version of an already
evaluated device. All devices will

be field tested, with evaluations

made by the user and by multi-
disciplinary clinic teams, including
both clinicians, engineers and
technicians.

developed, (most recently by IPCAS*)
these protocols have not gained wide
acceptance and have not been
implemented with sufficient structure
to have an impact on the field.

*International Project on
Communication Aids for the Speech
Impaired.
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Ratings will be carried out by at
least two independent clinics.
The concept of having clinics
specialize in an area of device
evaluation such as voice
synthesizers, or computerized
systems will be explored. There
will be a coordinating panel
responsible for informing clinics
of new devices and in assisting
clinics in obtaining devices for
evaluation. The panel will also
accept and review the reports,
make decisions about further
testing when clearly conflicting
results are reported, provide
feedback to the manufacturer or
developer, and ensure that the
evaluation material is passed to
similar panels in all other
participating jurisdictions.

International

If standardized tools for
evaluating the equipment and
reporting that evaluation are
adopted, then equipment and
accessories whose clinical
efficacy is not highly dependent
on cultural context could be
assessed in any region with the
results enjoying international
validity. Time and dollar savings
are potentially large using such
a scheme.

Information could routinely be

made available first through
telenets like CONFER which now links
Sweden, England, the United States
and Canada. Because very significant
development is taking place so
rapidly, first line communication
must keep pace, if the advantages of
that development are to reach the
user in a timely fashion. Detailed
information could be disseminated
through existing resource
publications such as Communication
Outlook, Communicating Together,
Augmentative and Alternative
Communication or The Non-Vocal
Resource Book (Trace Centre).

Conferences and meetings would
provide regional and international
opportunity to present and discuss
the ongoing-evaluation of such a
system for evaluating communication
devices. The authors would be
prepared to coordinate such an
evaluation.
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It is proposed that one or several
international organizations such as
ISO, IPCAS or ISSAC be approached to
oversee the development of this
system and after a three year trial,
if the project is a success, assume
ongoing responsibility for its
coordination.

Further, the notion of formal
acceptance or endorsement of a device
will be discussed, as will the
implications of unfavourable reviews.
Stress will be placed on the
importance of the cooperative nature
of the model - one that promotes
high quality, efficacious devices

by providing organized feedback to
developers and manufacturers, and to
users and clinicians.

Betty-Jean MacDonald
Ministry of Health
15 Overlea Blvd.

6th Floor

Toronto, Ontario

M4H 1A9
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9.4 THE EFFECT OF INCREASED SENSOR AREA ON
INPUT RATE AND ACCURACY
OF THE EXPRESS III COMMUNICATION AID

Charles C. Lee
Gregg C. Vanderheiden
Trace R&D Center, Waisman Center

ABSTRACT

By enlarging the effective sensing area of
an EXPRESS III handpiece, the input rate
of some users increased by as much as 1.6
times of the rate using the standard hand-
piece. The large sensor allowed for
placement of the handpiece anywhere within
a square to select the square. It also
had a hystoresis effect which helped to
increase the accuracy and thus the rate
for spastic individuals.

BACKGROUND

The EXPRESS III system, made by the
Prentke Romich Company, has several input
modes. One of these is a direct selection
technique where an individual selects
squares by pointing to the LED in the
corner of the square with a hand-held
sensor. The EXPRESS III uses an ortho-
ganal array of LEDs (light emitting
diodes) which sequentially flash on and
off. Each LED is in the center of a 1"
square, and emits light through a 3/8"
diameter clear window. The sensor (a
photo diode) senses the light from an LED
in the same manner as a lightpen works on
a TV screen to determine the square being
selected by the user. If the LED remains
sensed and lit for a set period of time
(which is user adjustable), that sguare is
selected. In order to make another selec-
tion, the sensor must first lose the sig-
nal from the original LED, and then sense
another LED, even if the same square is
going to be reselected.

PROBLEM BEING ADDRESSED

Clinical evidence shows that the sensor on
the EXPRESS III can be too small for ef-
fective use by some individuals. The
small size of the sensor reduces the speed
at which a person may select a square,
since the handpiece must be placed very
accurately. For a person who has very
slow fine motor control, or who is spas-
tic, this can be very frustrating. If the
user places the sensor very close to the
LED target, but not on top of it, the
selection will not register until the
sensor is moved the very small distance to
bring it directly over the LED. For some
individuals, moving the sensor a small
distance, and keeping it there, is very
difficult, if not impossible. What
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usually happens is that they overshoot and
select another square. One solution to
this problem would be to enlarge the LED
target. It is impractical, however, to
increase the LED size for all of the LEDs.
The most logical solution was to enlarge
the effective area of the sensor.

MATERIALS AND METHODS

The effective area of the sensor was in-
creased by taking the sensor and mounting
it in a black tube, with an inside dia-
meter of 0.75", about 0.75" above the
bottom of the tube. The tube had a pro-
tective clear plate set at the bottom.,
The sensor was mounted to another clear
plate at the top using a microminiature
phono jack. This allowed the center of
the sensor to be anywhere within a 1 1/8"
diameter area around the LED. This ar-
rangement is shown in a corss-sectional
view of the enlarged sensor (Figure 1).

PHONO JACK

BLACK TUBE
N /—
N
N ]
\\ SENSOR
[ N
N
P
\CLEAR BOTTOM PLATE
Figure 1
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PRELIMINARY TESTING

Three subjects and one control were used
to test this new design. All were in
wheelchairs. Subject 1 had mild cerebral
palsy; Subject 2 had moderate to severe
athetoid-ataxic cerebral palsy; and Sub-
ject 3 had moderate to severe spastic
cerebral palsy. Subject 4 was a non-
handicapped control subject. The subjects
were asked to select 8 sguares in a speci-
fied order, and to do this twice in a row,
so that a total of 16 squares were
selected for each test run. After several
preliminary runs, each subject was asked
to repeat the test run three times. The
raw results, of the time to complete a run
and the number of wrong selections, were
recorded. The preliminary runs were used
to allow the subjects to become familiar
with the required selection sequence, and
to be near the top of their learning
curve. The results of the test are shown
in Table 1.

Subjects 1 and 3 increased their output
rate by 63% and 37% respectively. Subject
2 showed a decrease in speed of 13%. The
control subject showed an increase of only
7%.

DISCUSSION
Ease of Use

For all of the subjects, the physical ease
in using the large sensor and the small
sensor were about the same. The subjects
expressed no difference between the two,
and no visual evidence was present to show
that using one sensor produced more phy-
sical stress than the other. However, the
prototype was physically larger and made
of an opaque material. This larger sensor
obstructed the user's view of the squares
more than the small sensor. All of the
subjects complained that it was more dif-
ficult to tell exactly where they were
pointing when using the large sensor.

Even with this problem, however, Subjects
1, 3, and 4 said they felt it was mentally
easier to use the larger sensor.

Speed

The increase in speed is a result of the
larger sensing area. The subjects did not
have to be as accurate with their pointing
in order to select a square. There was
greater improvement for the subjects who
had more difficulty with small corrective
movements. For the normal subject who had
accurate pointing and good small motion
control, the advantage of the large sensor
was not as great for speed, but was still
advantageous for ease of use.

Accuracy

There appears to be no difference in ac-
curacy between the two sensors. However,
for Subject 2, there was much difficulty
in knowing where the center of the sensor
was pointing when using the larger sensor.
This was accentuated due to the fact that
this subject used the EXPRESS III in a
high position, where the angle of sight
was quite low.

Height Selection

The sensor became active during the down-
ward motion at 1.2", and inactive on the
upward motion at 1.7", nominally. The
height of the sensor above the surface was
chosen to be 0.75" since it was desired
that the sensor be active when placed on
the surface but inactive when over an inch
above the surface. The height and inside
diameter combination made the largest
effective diameter of the sensor roughly
2.3" at its maximum distance from the
surface. This was larger than desirable.
A better design would have a constant
effective diameter at all heights. After
making the modification, it was discovered
that the increased admittance of light
made the sensor active at 2.5" but inac-
tive at 3.5". However, this did not seem
to pose significant problems with the
design since the subjects kept the sensor
flush with the surface during use, and
lifted it infrequently.

Subject # Small Errors Large Errors Increase
(spm) % (spm) % (X)
1 27.7 0.0 45.1 1.9 1.63
2 25.4 2:8 220 10.8 0.87
3 30.9 3zl 42.3 0.0 1:37
4 64.0 0.0 68.6 0.0 1.07
spm = selections per minute
% = # wrong selections / total # of selections
X = spm of large sensor / spm of small sensor
Table 1
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Diameter Selection

The diameter of 0.75" was selected based
on the distance between the effective area
of the LEDs. The minimum distance between
the effective area of two LEDs is 0.625".
To produce a hysteresis effect when moving
back and forth between neighboring LEDs,
the effective diameter of the sensor
needed to be greater than this minimum
distance. By choosing the diameter of the
tube as 0.75", the center of the sensor
has to be more than 0.56" away from the
center of the square before being able to
select a neighboring square. To reselect
the same square again, the sensor has to
be less than 0.44" away. There is, there-
fore, a hysteresis of 0.12" on the radius.

CONCLUSION

It is apparent that for some users, a
larger effective sensor area would greatly
increase the ease and speed of input with-
out any loss (and in some cases an in-
crease) in accuracy. The modification to
the original design is minor, and would
not significantly increase the cost.
Another version of the sensor will be made
to try to solve the problem of visibility
and non-uniform effective sensing dia-
meter. The results of this second version
will be reported later. Once an accep-
table design is reached, it will be passed
on to the Prentke Romich Company.
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DEVELOPMENT OF AN AUDITORY SCANNING COMMUNICATION SYSTEM

WITH MULTIPLE VOICE OUTPUT FOR SEVERELY DISABLED USERS

9.5

Melanie Fried-Oken
Northeastern University
Tufts—-New England Medical Center

Evan Tarry
Tufts-New England Medical Center

ABSTRACT

A prototype communication system using the DECtalk
voice synthesizer for auditory message scanning
has been developed for visually impaired, motor
disabled, nonspeaking persons with reduced cogni-
tive skills. The concept of auditory scanning has
been optimized based on the DECtalk ability to
produce multiple, distinct, and highly intelli-
gible voices for speech output. Individual voices
are paired with different system functions so that
multiply disabled users can learn to operate a
device with varied auditory feedback. A unique
DECtalk option that allows a user to custom design
his own voice retains the personal and egocentric
aspect of communication in this system that often
is overlooked in device design.

INTRODUCTION

Speech synthesizers that have been incorporated
into communication systems for nonspeaking persons
generally assume the role of speech prostheses.
That is, the synthesizer produces voice output for
expressive communication (1). A less common use
of the speech synthesizer is to present instruc-—
tions and a language representation system to the
user for device operation. For the visually
impaired, nonspeaking person, the application of
speech synthesizers for the latter purpose is
obvious. The person who cannot process visually
presented material on a CRT or communication board
can operate a device solely through the auditory
channel.

A microcomputer-based communication augmentation
system for two nonspeaking, physically handicapped
persons with severe visual impairment has been
reported by Beukelman et al. (2). In the two sys—
tems described by the authors, visually impaired
individuals received single letter audio feedback
as they formed messages with Morse Code or an
alphabet scanner. For the individual with added
cognitive deficits, a less demanding language rep-—
resentation system is needed. The introduction of
an auditory scanner which presents message menus
to the user may be appropriate for the visually
impaired nonspeaker with reduced cognitive skills,

DEVICE DESCRIPTION

The auditory scanner was designed using the DEC
Rainbow microcomputer, color monitor, printer,
DECtalk voice synthesizer, DEC graphics utilities,
and ADC-1 data acquisition and control system.

The ADC-1 system includes a BSR X-10 environmental
controller as well as an interface for a single
switch.

There are three major components to the auditory
scanning program. Since the DECtalk has the
unique capability of producing multiple, distinct,
and intelligible voices, a different voice is used
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for each component. Initially, the auditory scan-
ner introduces itself to the user and describes
how it works. The device presently functions as a
traditional scanner with only one menu. Thus, the
Device Introduction component instructs the user
to listen to a number of messages and close a
switch when the desired message is heard. Since a
cognitively impaired patient may forget where the
switch is, the instructions may include a state—
ment indicating the switch location and procedure
for switch closure.

The second component, which is spoken in an
entirely different DECtalk voice, is Message Pres-—
entation. Pre-designed messages are presented to
the user along with simple, color graphics. At
this stage, the user simply familiarizes himself
by listening to the entire message menu. The
cognitively impaired individual with memory defi-
cits is given repeated opportunities to learn the
menu prior to selection everytime the device is
rebooted.

The final component is Message Selection. Here,
the messages and simple graphics are repeated at a
slower rate with a longer interstimulus interval,
The messages are presented with the voice that is
used in the second component. There are two pos—
sible outcomes of this component. The user may
fail to close the switch. At this point, the
system (in voice #1) indicates to the user that he
has not selected a message. The device also says
that if the user wishes to hear the messages
again, he should hit the switch.

The second outcome in the Message Selection phase
is that the user closes the switch appropriately
to select a message. The device, then, speaks out
the message in a third DECtalk voice. This final
voice, which is produced louder for the communica-
tion partner, is custom-designed by the user. The
DECtalk voice synthesizer is flexible enough to
create idiosyncratic voices which can represent
the nonspeaker's personal expression. This
function should increase the pragmatic aspect of
augmentative communication. For the first time
since the inception of synthetic expression, the
user actually has control of his speech produc-
tion. Instead of speaking in a Votrax or Echo-
like voice, the individual can modulate his pitch,
rate of speaking, and tone. It is hypothesized
that this option will increase device use and
improve conversations betw:een nonspeakers and
their communication partners. After the selected
message is spoken, the device (in voice #1) tells
the user that the menu will be repeated if the
switch is closed again.

If the switch is not hit again, the device remains
silent for a fixed period of time. At regular
intervals, the user is informed that the device is
waiting, and can be reactivated by closing the
switch., This function assists the cognitively
impaired patient with memory deficits who may, in
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fact, forget that the system is running. The
reminder will be heard at these intervals as long
as the device is running.

CLIENT DESCRIPTION

The prototype auditory scanner was designed origi-
nally for one 25 year old male who presented with
2 year S/P anoxic encephalopathy. The patient is
nonvocal with no consistent means of expression.
On neurologic examination, he exhibits severe
spasticity bilaterally, left hemiparesis, and
frontal lobe dysfunction. EEG shows severe dif-
fuse cortical dysfunction. Hyperactive reflexes
are evident.

Visual skills are severely compromised. Ophthal-
mologic examination reveals adequate visual
acuity. Perception and discrimination can not
assessed due to the lack of a consistent motor
response. Visual evoked responses are normal.
The presence of a visual agnosia was confirmed
neuropsychological testing. He demonstrates
severe visual field cuts, as well. Vision appears
to be his most effected sensory modality.

be

on

Auditory skills appear intact. The patient can
identify musical tones and localize objects audi-
torilly by turning his head in the direction of a
sound. He appears to demonstrate adequate compre—
hension of language though formal assessment can
not be accomplished because of output limitations.
His ability to learn and retain new information is
significantly reduced.

The patient can activate a single switch device
with a headstick. Due to his reduced visual and
motor skills and nonvocal condition, an auditory
scanner was recommended (4).

At present, the auditory scanner contains one menu
consisting of ten messages. The messages were
chosen by the client, his family and clinical
team. Half of the messages are for communicative
interchanges. For example, the device will pro-
duce, "Please scratch my back."; "What time is
it?"; "How are you today?"; and "I'd like a drink
of water.” The remaining five messages are used
for appliance control. Since the system includes
a BSR X-10 environmental controller, it will turn
on/off a fan, radio, and tape recorder. The
program is written so that a selected message,
such as "It's hot in here. Please turn on my
fan.", is changed during the menu repetition into,
"It's cold in here. Please turn off my fan.”

Once the patient demonstrates that the system is
appropriate for his cognitive and communication
needs, additional messages will be added.

DEVICE APPLICATION

As the number of patients presenting with head
trauma and severe disability continues to
increase, rehabilitation engineers and clinical
teams are being asked to design augmentative
communication systems for multiply involved
patients. The number of nonvocal patients pre-
senting with visual impairments and/or cognitive
deficits is rising, as well. Therefore, multiple-
function augmentative communication systems, such
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as the device described above, are becoming
necessary.

The auditory message scanner with DECtalk voice
synthesizer is unique in a number of ways. First,
the auditory scanner offers the visually impaired
patient a means to receive information for device
usage solely through the auditory channel. The
use of synthesized speech for device control
increases the clinical utility of speech tech-
nology for the multiply disabled user.

The DECtalk ability to produce multiple, distinct,
and intelligible voices should increase device
usefulness, as well. 1Individuals with reduced
cognitive skills can learn to use the device by
associating different voices with the various
system functions. The high quality of the syn-
thetic speech also will assist the patient who
presents with compromised auditory processing
skills.

Institutionalized, multiply impaired patients
often spend extended amounts of time alone. The
auditory scanner gives these individuals oppor-—
tunities for continual man-machine interaction and
dialogue without the need for communication
partners. The availability of a device that
“speaks to" the patient, rather than simply
“"speaking for" the patient offers additional
language stimulation for rehabilitation. The
added feature of environmental control can help
the visually and cognitively impaired individual
affect his daily surroundings through automated
auditory control.

Since the user of this new system will custom
design his own voice for message expression, his
motivation for device usage will increase. The
pragmatic aspect of augmentative communication
should improve. The pragmatics of augmentative
communication is a component of system design that
often is overlooked by device designers. Individ-
uals who investigate the pragmatics of nonvocal
communication often ask why nonspeakers are not
using their devices optimally. They have sugges-—
ted that slow communication rate and partner
dissatisfaction with devices negatively affect
communication interactions (3). The factor of
poor quality, impersonal speech output often is
neglected in the pragmatic analyses. The
introduction of the custom designed voice for
alternative expression should, indeed, positively
affect the use of devices and the value of
communicative interchanges for system users.

The system described here is of limited use due to
its restricted number of messages. Auditory
message scanners that use directories and syntax
nodes for multiple menus can be designed for the
visually impaired, nonspeaking patient who can
process large amounts of information. The simple
auditory scanner can be made more complex as a
cognitively impaired individual regains processing
abilities. In addition, the order of messages on
the traditional scanner can be changed according
to frequency of usage. If the device can count
how often a message is selected, then it can
adjust the order of presentation of the menu items

to optimize on communication rate.

MEMPHIS, TENNESSEE 1985



Auditory Scanning Communication System

REFERENCES

1. Foulds, R. and Fried-Oken, M. Overview of
speech synthesis techniques and devices.
Third International Conference on Augmentative
and Alternative Communication. Boston, MA.
October, 1984,

2. Beukelman, D.R., Traynor, C., Poblete, M.,
and Warren, C.G. Microcomputer-based
communication augmentation system for two
nonspeaking, physically handicapped persons
with severe visual impairment, Archives of
Physical Medicine and Rehabilitation, 1984,
65, 89=91.

3. Wexler, K., Blau, A., Leslie, S. and
Dore, J. Conversational dinteraction of
nonspeaking cerebral palsied individuals and
their speaking partners, with and without
augmentative communication aids. Final Report
R-313-80 to UCP Research & Education
Foundation, 1983.

4. TFried-Oken, M. DECtalk voice synthesizer
for speech input and output: A personal
communication system. Poster presented at the
ASHF Conference on Computers, New Orleans, LA,
January, 1985.

RESNA 8th ANNUAL CONFERENCE

ACKNOWLEDGEMENTS

This work is funded by a private contract from the
Digital Equipment Corporation to the Rehabilita-—
tion Engineering Center of Tufts-New England
Medical Center, Boston, MA. The authors wish to
thank Ms. Kathryn Kowalski, speech-language
pathologist; and Ms. Joan Forman, DEC product
manager.

Mailing Address:

Melanie Fried-Oken, Ph.D.
Rehabilitation Engineering Center
Tufts—New England Medical Center
171 Harrison Avenue - Box 75K/R
Boston, MA 02111

MEMPHIS, TENNESSEE 1985 133



134

9.6

MODULAR TECHNOLOGY FOR THE SEVERELY PHYSICALLY DISABLED

THE 'LAINEY' SYSTEM

Elaine Trefler, Barry Romich and Neil Russell

University of Tennessee Center for the Health Scilences
Rehabilitation Engineering Program

Memphis,

ABSTRACT

This paper presents the evaluation results of
Federal Contract # 30-83-0283 awarded to the
Prentke Romich Company with a subcontract to the
University of Tennessee Rehabilitation
Engineering Program. The system developed is a
modular component system which provides
appropriate mobility, seating, control and
interfacing with a communication aid and
computer. With only one input mode required the
system allows the severely disabled to compete
on a more equal footing in a broad range of life
situations.

INTRODUCTION

There are thousands of school age children in
the United States who are being excluded as
active participants in their education process.
These are individuals whose intellectual
abilities are within or above normal levels, but
who are so severely physically handicapped that
they cannot voluntarily use their body parts to
speak, write, manipulate objects, sit, or move
independently.

Technology does exist today to meet the needs of
moderately involved physically handicapped
students. Joysticks and single switch modes are
just two of a variety of switch options for
operating powered wheelchairs and some
computers. There are keyguards which assist the
student with direct selection of computer keys
or expanded keyboards for those with only gross
motor placement skills.

For the more severely involved, the problem
resides in their inability to access available
technical aids, even with single switches.
These students often have only their head
control to call on for function. This one body
part must be able to operate a powered mobility
device, a communication aid, and also the input
to a computer system. Any control system
developed mist be portable and have multiple
functions if it is going to maximize the very
limited motor skills.

The rapid development of technology does not in
any way guarantee compatability of technical
components which an individual may require. It
would be quite surprising to find compatability
between computer, mobility and communication
aids in terms of interconnecting plugs,
chargers, and electrical operation. Often,
available input interfacing on the equipment
does not make it possible for the individual
with a severe disability to independently change
modes of operation.
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BACKGROUND

Contract # 30-83-0283 was awarded the PrentKe
Romich Company to join together presently
existing technical components into a compatible
modular system. The Lainey System, as it came
to be known, allows the severely physically
disabled to have access to powered mobility,
computer operation, and speech via an
augmentative communication aid.

The result of the project is the Lainey System
(1). The prototype was fit in January, 1985.
The evaluation component began with the receipt
of funds and has been ongoing.

EVALUATION PLAN
There are three facets of the evaluation plan:

1. Client Profile
2. Pre/Post Performance Data
3. Technical Evaluation

The Client Profile provides an overview of
physical, functional, psychosocial and
intellectual abilities of the user. The goal is
not to develop a comprehensive set of client
data but to provide a profile of an appropriate
user for this particular project. Fitting to
only one client was allowed so the client
profile describes a seventeen year old lady with
tension athetosis (Lainey). She has no
functional use of any body part with the
exception of her head. In order to use her
limited head control she must be seated in a
very aggressively supported seating system and
her arms must be restrained below a tray (2).
She attends school in a special education
environment in an academic program. She lives
at home with her mother and teenage sister.

Both home and school are accessible. The school
bus and home owned van accommodate a powered
wheelchair. Long range goals include college
and independent living.

Lainey has worked with the UTREP for over nine
years and has exceptional patience for
prototypes. She also puts considerable physical
and emotional effort into making technology work
for her.

Performance data reflects the functional skills
acquired which are a results of fitting with the
Lainey System. Areas assessed include:

1. The ability to maintain an upright posture
with and without an appropriate positioning
system.
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2. The ability to independently operate a
powered wheelchair. Data reflects distance
traveled, number of sites visited, cost
effectiveness of powered mobility
(independent mobility versus attendant
costs).

3. Physical operation and functional outcome of
an augmentative communication system were
monitored. Data collected reflects speed of
access, length and quality of language
content, environments and relationships in
which communication has been facilitated.
Language samples were taken with strangers,
knowledgable professionals, and family
members. Data collected reflected
comparisons using no augmentative aid (only
gestures, twenty questions, etc.), using an
Etran and using the Minspeak.

4. The ability to access computer hardware and
software in educational work stations at
school and home have been evaluated.

Finally a report has documented the technical
aspects of the Lainey System. Included are
suggestions for production models based on the
Lainey fitting. Compatability of components and
marketing plan to include compatable modular
components are stressed.

DISCUSSION

Several general issues of interest were made
evident during fitting and evaluation of the
Lainey System.

l. Through the cooperative effort of two
facilities (UTREP and Prentke Romich
Company) over a thousand miles apart,
existing technologies can be married into a
truly modular system.

2. Considerable technical and therapeutic
resources must be available during the
provision of advanced technology. Fittings
should be augmented by clear instruction
manuals but they, in themselves, are not
enough.

3. Not even seasoned professionals can
anticipate consumer reaction. Fitting of at
least one prototype unit to a consumer in a
real life setting is invaluable both in
terms of product and process evaluation.

CONCLUSLON

The fitting of the Lainey system to one client
has been completed. A full report of evaluation
findings and the technical report will be
available after March 30, 1985 at which time the
contract ends. Also available at that time will
be a 15 minute video tape documenting the
functional use of the Lainey System. Both
written materials and video tape will be
available through the Prentke Romich Company,
1022 Heyl Road, Wooster, Ohio 44691.
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A PORTABLE DECTALK SPEECH SYNTHESIZER

Charles C. Lee
David P. Kelso
Trace R&D Center, Waisman Center

ABSTRACT

A portable version of the high qua-
lity DECtalk speech synthesizer has been
developed by the Trace Center at the Wais-
man Center, University of Wisconsin-
Madison. The portable DECtalk can use two
internal 12 VDC batteries, an external 19
VAC adapter, or an external 24 volt DC
power supply. It can be turned on and off
either manually or automatically by the
user's communication aid via the RS 232
serial communications port.

INTRODUCTION

Speech synthesizers can play a very
important role in the education and em-
ployment of non-vocal severely handicapped
individuals. However, high quality speech
synthesizers with unlimited vocabulary
have not been available in a portable
form. To be of complete use for handi-
capped people, a speech synthesizer must
be easily portable and operate for at
least a full day on a single charge.

BACKGROUND

The DECtalk (made by Digital Equip-
ment Corporation) is a commercially avail-
able text-to-speech synthesizer which uses
advanced speech synthesis algorithms to
produce very intelligible speech. It has
seven different voices: three men's
voices, two women's voices, a child's
voice, and a user definable voice. This
is an important capability, since many
children and women refuse to have a male
voice speak for them regardless of how
sophisticated and intelligible the syn-
thesized speech sounds.

The DECtalk can be directly connected
to a modular phone jack, so the speech can
be transmitted over telephone lines with-
out losing its quality. The DECtalk also
has a dictionary that can have new words
added or have a whole dictionary down-
loaded from a host computer. It has a
very sophisticated algorithm for dealing
with numbers, and also has the ability to
produce the alternate pronunciation for
certain words.

These features make the DECtalk an
excellent speech synthesizer for non-vocal
individuals, and it was therefore chosen
as the speech synthesizer to be made por-
table.
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DESCRIPTION

Design Goals

The overall design goal was to make
the DECtalk portable and usable by someone
in a manual or electric wheelchair. This
meant making it mountable to a wheelchair,
resistant to damage from rough use, and
resistant to damage from being used in the
rain or around areas where accidental
liquid spillage might occur. The DECtalk
must also be made able to operate for a
long time on a single charge, so that it
will not be necessary to frequently re-
charge the unit. The minimum requirement
was that the charge should last a full
day. For ease in adjusting the volume and
adding an external speaker, an external
volume control knob and a speaker Jjack
were added to the outside of the package.

Operational Modes

The portable DECtalk operates in two
modes: a manual mode and an automatic
mode. In the automatic mode, the custom
designed power supply automatically turns
power on for the DECtalk mother board as
soon as the DECtalk receives a character
via the RS-232S serial port. It is ready
to receive text after another 250 ms, and
turns off after a specified time-out. The
automatic mode saves battery power by
turning the DECtalk on only when text is
being spoken and automatically powers down
the system after it is finished with the
utterance. This increases the length of
time the DECtalk can be used before
needing to be recharged.

The manual mode operates in exactly
the same way as an unmodified DECtalk. It
is turned on and off by a switch (i.e.,
the DECtalk is always on when turned on by
the switch). This mode is necessary to
allow the portable DECtalk to work with
software expecting an unmodified DECtalk.

Automatic Power Down

The power board has two adjustable
time-outs, one to turn off the fan and the
other to power down the DECtalk mother
board. The time-out for the mother board
can be varied using jumper pins from 1/2
second to 256 seconds, and the time-out
for the fan can be varied from 16 seconds
to 256 seconds. In order to prevent pos-
sible overheating of the mother board, the
fan will not turn off until after the
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mother board is off.

Internal Battery Operation

When turned on manually, the DECtalk
can operate for about 5 hours using the
internal batteries. 1In the automatic
mode, the DECtalk can operate for 1 to 5
days without being recharged, depending on
how much is spoken. It takes ten hours
for the unit to be fully recharged. While
being recharged, the DECtalk can still
operate using the external 19 VAC adaptor,
or an external 24 VDC power source.

Electronic Hardware

The heart of the power board design
is the switchable 25 watt DC/DC converter
(RIFA Model PKA 2231). It supplies the
necessary +5, +12, and =12 volts for the
operation of the DECtalk mother board. A
full wave bridge network allows the use of
a 24 DC or a 19 VAC source to power the
converter. The data line of the RS232
port, and the FIFO ready line of the
speech output circuitry on the mother
board, are used to enable the power-up
circuitry. An RC timing circuit is used
to reset the mother board after power up
and a digital counter is used to perform
the power down time out functions.

Packaging

The finished portable DECtalk unit
weighs 22 1lbs. It is 15.75 inches long,
12 inches wide, and 3.5 inches high. The
casing is made of aluminum. The portable
DECtalk is designed to be mounted onto the
back of any standard Everest & Jennings
manual or electric wheelchair using the
standard E & J electric wheelchair con-
troller brackets. The circuit board is
fan cooled, and is shielded against emit-
ting radio frequencies. The internal
electronics are protected against damage
from rain when mounted on a wheelchair.
The switches to select the operational
mode and the internal or external power
source are mounted on the control panel.
The control panel also contains a volume
control knob, an external speaker jack,
fuses for the power board and the internal
batteries, connectors for the charger and
external power source, and an RS 232 con-
nector.

DISCUSSION

Initialization

Since the DECtalk powers up each time
before speaking a phrase in the automatic
mode, it will always be in the default
voice of Perfect Paul, the standard male
voice. If the user wants to use another
voice definition, the input string must
always have an initialization string which
selects or defines the desired voice.

This is also true with other variable
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parameters which are not retained after
power down, such as speech rate.

Serial Communications

Special attention needs to be made
regarding the RS 232 serial communication
from the host computer when in the auto-
matic mode. The host computer must be
able to send a character via the RS 232
port even though the DECtalk's RS 232 port
is off. Some computers, such as the HX-
20, have difficulty doing this. Also, the
first character sent must be chosen so
that it will not affect the spoken text if
the DECtalk is already on. A space or the
NULL character can be used. The host must
then wait a minimum of 250 ms before
sending the initialization string and text
that is to be spoken.

Weight

The power requirements of the mother
board are quite high, so large batteries
are required to guarantee long operation
as well as long life of the batteries.
The batteries alone weigh 10 pounds. To
support this weight, and to protect the
circuitry from damage that could result
from dropping the unit, the packaging was
made from aluminum and weighs 6 pounds.
The rest of the unit accounted for another
6 pounds, so the total weight of the sys-
tem is 22 pounds.

Size

The limitations on how small the unit
could be made were determined by the size
of the mother board and of the batteries.
The mother board is 10.5" X 15," and the
batteries are 2.5" X 3,75" X 5.9" each, so
the final size of 3.5" X 12" X 15.75" is
about as small as possible (and is actu-
ally smaller than the orginal package from
DEC) .

Cost

The cost for a custom modification to
a single standard DECtalk is approximately
$2700. This modification includes $250 for
the custom designed power supply, $2200
for packaging, and $250 battery, charger,
and AC adapter.

CONCLUSIONS

The first unit has been placed with a
non-vocal young woman who is using it
daily at school on her E&J manual wheel-
chair. She uses a small external speaker
in order to have the voice projected for-
ward from the chair rather than sounding
like it comes from the actual unit behind
the wheelchair. She uses an Epson HX-20, a
small portable lap computer, to input
sentences to the DECtalk. She uses the
predefined child's voice. She has been
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DELIVERING ASSISTIVE DEVICES IN A REHABILIFATION 10.1
HOSPITAL SETTING : PATIENTS AND PATIENCE

Elaine M. Heaton M.A., Albert M. Cook, Ph.D., Anne M. Lopushinsky M.S.P.A.
Glenrose Rehabilitation Hospital

ABSTRACT

The paper describes some of the challenges and
problems that have been experienced in estab-
lishing an assistive device service. The
areas of critical importance are identified.

INTRODUCTION

A number of assistive device centres are being
developed in various locations throughout the
world. Experience has shown that the transition
between conception of the idea and its realization
can be fraught with many challenges, some antici-
pated, many not foreseen. The focus of this
paper is to discuss some of the challenges exper-
ienced in the implementation of an assistive
device program in a rehabilitation hospital, the
strategies used in problem solving, and those
areas which must be addressed if success is to be
achieved.

BACKGROUND

The Glenrose Rehabilitation Hospital is funded by
the province of Alberta and provides a wide range
of rehabilitation services to the residents of
Northern Alberta. The hospital has an adult and a
pediatric rehabilitation unit with 288 beds and
provides a school hospital program and outpatient
services to approximately 5000 adults and chil-
dren each year. The Assistive Device Service
(ADS) was established in 1983. The core discip-
lines currently involved are speech-language path-
ology, occupational therapy and physical therapy.
Active consultation services are provided by
clinical rehabilitation engineering, education,
physiatry, orthotics, social work and psychology.

CHALLENGES IN DEVELOPING A SERVICE

In developing the ADS it became apparent that
there were several broad areas which required
attention. These can be categorized under the
headings of administrative support, philosophical
development, knowledge base, and expectations.

Administrative support

The first challenge was to obtain administrative
approval of the program. The initial proposal
was developed by the director of the Department of
Speech Pathology in 1982, having been preceded by
many discussions with other departments. At a
departmental level it was possible to obtain
philosophical agreement of the need for such a
program, provided that funding for additional
staffing could be made available. Because of the
economic climate the hospital administration were
unable to approve additional staff positions. It
was next decided to bring in a clinical rehabili-
tation engineer as a consultant for three days to
provide: an intensive inservice on assistive
devices for the clinical staff, an analysis of
the hospital's needs and potentials in the pro-
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vision of an assistive device service, and recom-

mendations for the implementation of such a ser-

vice including staffing, equipment and long term

development. This strategy was successful in that

it

a) convinced administration that it was appropri-
ate and feasible to make a commitment towards
the development of an assistive device service

b) convinced department heads that it would be
feasible to reallocate staff assignments
without adversely affecting other departmental
services

c) provided a framework for the development of
the service.

The second challenge concerned obtaining a
broad selection of equipment that could be used in
evaluating and training clients in the use of as-
sistive devices. A broad selection of augmenta-
tive communication systems was available, however
equipment such as electronic devices for mobility,
environmental control, computer access and abroad
selection of switches were not on site. Because
of a strong commitment to the successful imple-
mentation of this service, Speech Pathology allo-
cated a significant proportion of the depart-
ment's operating and capital equipment funds to
the purchase of this additional equipment.

The third challenge was to obtain dedicated space
for the service. Considerable stress was placed
upon both the team members and the equipment by
the necessity to unpack and repack equipment from
location to location. This was due to the extreme
shortage of space in the hospital. It became a
matter of utmost priority to locate an adequate
dedicated space. Despite administration's sympa-
thetic understanding of the situation, it never-
theless took over a year before a space could be
assigned.

One of the continuing challenges in operating the
ADS is to add gradually those additional discip-
lines which will improve the calibre of the
service provided. Not only does this require
intensive "lobbying" with the departments in-
volved, it also requires modification of traditiom
al service delivery procedures. As an example we
were fortunate enough to obtain the services of
the industrial arts teacher from our School Hos-
pital as the ADS education consultant. However,
because of the traditional structure of the

school program, he was initially only able to at-
tend meetings and clinics at times when his class
was not scheduled (which translated into noon time
meetings and little else), This restricted the
contributions he could make to client management.
Gradually over several months it has been possible
to make arrangements that a substitute teacher
will take over the Industrial Arts classeswhenever
a clinic has been scheduled. The next challenge
will be to expand the mandate of which clients he
can see. At the moment the mandate of the Educa-
tion Department is to provide education to chil-
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dren attending the Glenrose School Hospital. How-

ever there are many instances when it would be in-
valuable to involve the education consultant with

preschoolers, with children seen on an outpatient

basis who attend other schools, or with adults who
have needs in terms of educational and vocational

access. Over time this expansion in the scope of

his involvement may be possible.

Philosophical development

The philosophical development of the numerous dis-
ciplines involved in the ADS has been a process
which has taken time plus considerable care and
attention. The success of this process depends
upon two factors: assigning an effective team
leader and establishing basic trust among all
team members. The particular professional dis-
cipline of the team leader is irrelevant, but
success is far more dependent upon communication
skills, organizational ability and a perceptive
awareness of unspoken needs and fears of individ-
ual team members.

Initially there was a conscious effort to involve
all members in all aspects of the client's needs
assessment and system development. This was
partly to facilitate knowledge acquisition as well
as to provide mutual support in novel situations.
Over time this process revealed those areas where
there was overlap between professional roles and
those areas where a need existed but no one
claimed "responsibility'". The team required
assistance in dealing with the approach/avoidance
issues which surfaced. These issues could be en-
capsulated by "don't touch my area, but I'm over-
whelmed and can't do it." It took a year before
it became evident that it was necessary to sched-
ule time for philosophical discussions about roles
and responsibilities. It was helpful to structure
these discussions with precirculated agenda items,
followed by the assignment of responsibility for
implementation. As self confidence and skill
develop, the time must then come when profes-
sional roles become more defined so that individ-
uals contribute their expertise in those aspects
wherein they have the greatest knowledge. This

can be a painful process as members learn to sur-
vive without constant mutual support and learn to
trust and develop confidence in their own as well
as their colleagues' competence.

Much of the philosophical development centered
around technology. There is a tendency to become
fascinated by the attributes of equipment and
therefore to develop preconceived notions of the
system solution without paying sufficient atten-
tion to the client's needs and skills. It is im-
perative to have someone who will constantly
bring the team back to the true issues under dis-
cussion. In our experience this constant refocus-
ing upon the problem was provided by the consult-
ant rehabilitation engineer and it has been a key
element in the development of an effective
service.

Another key element has been the involvement of
the family in determining the priority of needs to
be addressed. At the end of a clinic, the team
coordinator summarizes all the recommendations, as-
signs specific responsibility for tasks (including
a time frame) and provides this written summary to
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all team members and the family. A meeting is
scheduled every second week to provide update re-
ports for the clinical chart on each client cur-
rently involved with the ADS. This facilitates
coordinated treatment and followup when more than
one team member  is involved. Assigning one team
member as a contact person for each client has
also facilitated communication. The contact per-
son serves as an advocate for the client, family,
and community, assisting in coordinating treatment
and followup.

An interesting philosophical development has been
the change from a 'departmental' orientation to a
transdisciplinary orientation among team members.
This has manifest itself in many ways from some-
thing as simple as the dedication of "department"
equipment for relocation in the ADS room, to the
reclassification of a speech-language patholo-
gist's position to enable the hospital to hire

a clinical rehabilitation engineer on a full-time
basis.

Knowledge base
Establishing a core knowledge base about the char-

acteristics of devices and the skills to effec-
tively analyze client's needs and match them to
device characteristics was achieved in several
ways. The one component of an effective ADS

team that was not available on site was a clinical
rehabilitation engineer. Funds were allocated to
bring in, on a frequent consultant basis, a clini-
cal rehabilitation engineer who had considerable
experience in working at an assistive device
centre. The addition of this consultant was an
excellent mechanism to educate the team in all
aspects of assistive devices and client management.
Another means of expanding the team's knowledge
has been to make funds available so that they can
attend professional meetings concerned with
assistive devices. 1In addition,workshops have been
held to not only educate team members on assistive
devices, but to increase community therapists'
awareness of assistive devices and their
application,

When selecting the individuals who will serve on
the ADS team, it is imperative to identify staff
who are firmly rooted in their own professional
areas, who are competent professionals, and who
have a strong interest in working within a trans-
disciplinary team. Working with staff of this
calibre is an on-going educational process for all
team members, a process which has the potential to
be intimidating but which is intensely stimulating.
Having several staff on the team who have worked
at the Glenrose in excess of a decade has also
proven valuable because of their awareness of
community resources.

Taking this ever-expanding knowledge base and
applying it to the benefit of clients has posed
many challenges. The team mustbe alert constantly
to ensure an appropriate balance between medical
versus educational versus technological versus
therapeutical approaches. Situations arise where
transdisciplinary activities may hinder rather than
accelerate progress through the proposed plan of
action. Such problems must be addressed openly
and all team members urged to refocus upon the
needs of the client rather than subsidiary issues.
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Not all staff have the same competence in activi-
ties such as effective documentation. Basic forms
and standards should be established early in the
development of an assistive device service. As
much of the documentation as possible is accom-
plished during team meetings or for pre-establish- 6.
ed time frames. This encourages the development
of more even and complete reporting skills, and
facilitates conformity in the interpretation of
forms and procedures.

Expectations

Some of the less anticipated challenges centered
around the development of appropriate expectations
Each team member has found it necessary to work
through a number of internal inappropriate expec-
tations. These have ranged from "I'm only a

so I can't learn to master that" to attempting

to strive for a knowledge level that will be 10.

acknowledged as superior to all other members on
the team. Inappropriate expectations of equip-
ment include "when we get ", a tendency to be
intolerant of equipment malfunctions, and impati-
ence characterized by not taking sufficient time
to learn to operate a piece of equipment com-
petently. Inappropriate expectations of clients
came at many levels. It took experience to learn
that clients need to receive extensive training
in the use of a system no matter how intelligent
and motivated they appear to be,that it is unwiseto
attempt to solve all problem areas for a client
simultaneously, and that client selection is
highly important particularly during the early
phases of the program. Chose clients who have
needs which can be dealt with quickly and effec-
tively. This builds the team's confidence as well
as demonstrates that the service is viable. Hos-
pital departments and agencies in the community
had inappropriate expectations that the ADS would
provide instant "cures" and equipment. It is a
continuous process to educate colleagues that the
evaluation and training process is extremely
lengthy and that followup will extend to infinity
in many instances. The ADS has been established
as a 'consultant' service and therefore the ADS
staff do not "take over" the treatment of clients
but rather consult with the treating team/thera-
pists so that they may provide the ongoing train-
ing and support.

SYNTHESIS OF EXPERIENCES

There are some critical factors which should be
considered when developing an assistive device
service.

1. Staff selected for the program should be firm-
ly rooted and competent in their own profes-
sional areas, should believe in the efficacy
of transdisciplinary intervention and be
knowledgeable in assistive devices and
their implementation.

2. There should be strong administrative support,
both in terms of financial backing, as well
as commitment to persevere during difficult
times.

3. There must be a significant investment in a
wide range of equipment on site.

4, It is necessary to develop a thorough knowl-
edge of community resources including service
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delivery and funding sources.

The service should evolve slowly, requiring
considerable patience and caring at all
levels.

Carefully select clients from a learning per-
spective and from a success perspective.

Technical input should be a working part of
the team.

Field testing of equipment is an integral part
of the process in fitting devices to meet
client's needs.

If there is any component of the team not
available on site, develop mechanisms to
fund that aspect on a regular consultant
basis.

Use the assistance of a person who has experi-
ence in developing an assistive device pro-
gram in preparing the propesal for your
service. If possible, use this person on a
continuing basis to develop the knowledge

base and guide the progress of the service.

Select an effective team leader, not from
any specific professional discipline, but
rather on the basis of their skills as a

team leader.

Glenrose Rehabilitation Hospital
Edmonton, Alberta, Canada

T5G 0B7
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10.2 AN INTEGRATED APPROACH TO PRESSURE SORE PREVENTION
£ FOR THE SPINAL CORD INJURED

D. Hurwitz, M. Ferguson-Pell, T. Burn, M. Cardi
Orthopaedie Engineering and Research Center
Helen Hayes Hospital, West Haverstraw, NY 10993

ABSTRACT

A multidiseiplinary approach is used to prevent pressure
sore formation. Through the establishment of a Pressure
Sore Prevention Clinie, this is achieved by improving
wheelchair cushion preseription procedures and by
inereasing the spinal cord injured person's awareness of
factors relating to pressure sore formation.

INTRODUCTION

Pressure sores are a serious secondary problem for the
spinal cord injured. It is estimated that every year,
14,000 spinal cord injured patients will be hospitalized
for treatment of pressure sores (1). On average, an
ischial pressure sore requires 78.8 days of in-patient
treatment (2) at an estimated cost of $20,000 per sore
(assuming $280 per diem cost). In addition to the
financial burden, the person's personal, family,
emotional, and social life is adversely affected. The
pressure sore further restricts the person's lifestyle,
often causing periods of unemployment, social inactivity,
family problems and lack of self-esteem.

In 1972, Reswick and Rogers established the first
pressure sore prevention clinic at Rancho Los Amigos
Hospital. Sinece then, clinics have been established at
Philpshill Hospital in Glasgow, Scotland (1976), at Royal
Perth Rehabilitation Hospital in Western Australia
(1976), at Conradie Spinal Cord Unit in Cape Town,
South Africa, and at Texas Institute for Rehabilitation
and Research (TIRR) (1976). These clinies have provided
an effective way of reducing pressure sore incidence.
For example, during the initial three years of operation,
the Philipshill elinie reduced the number of patients
admitted with pressure sores over the ischial tuberosities
from 6.8% to 3.0% (3). The Perth eclinic also reports a
33% decrease in admissions due to pressure sores (4),
while TIRR has reduced the number of patients
readmitted for pressure sore treatment from 31% to 4%
(4).

Although each clinic follows the basic principles of
individual preseription of wheelchair cushions, patient
education, and scheduled follow-up appointments, the
techniques, documentation, and instrumentation used,
varies considerably between centers. In 1982, Helen
Hayes Hospital began to establish a pressure sore
prevention clinic in an attempt to bring together the
strengths of existing centers to form a model pressure
sore prevention program for spinal cord injured patients.

Previous studies (5), had resulted in the development of
a composite cushion concept, which was adopted for use
in the seating clinic. A composite cushion may consist
of several layers of different materials such as gels, T-
foams, and high and low density foams, configured to
give mechanical and physical properties in the composite
that are superior to the individual material components
alone. This design results in a versatile and effective
cushion by minimizing the pressure under the buttocks
and accommodating different body types, level of
injuries, and personal preferences. In addition to the
composite cushion, commercial cushions sueh as
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PRESSURE SORE PREVENTION CLINIC

T-foams, Gels, Rohos, Jays, and specially fabricated
Cutout Cushions are used. To aid in the fitting of
cutout cushions, two ischial imaging methods are
available in the clinic. The goal of the clinic at Helen
Hayes Hospital, like the goals of the other centers, is
the reduction of pressure sore incidence. This is
achieved through an integrated program of ecushion
fitting, close follow-up evaluation, and education.

EXPERT SYSTEM FOR CUSHION FITTING

Particular effort has been directed towards providing a
framework for transferring the expertise gained in our
clinie to other rehabilitation centers. One approach
gaining inereasing credibility in private industry and
medical diagnosties is the use of computer based expert
systems. Expert systems are designed to:

a. make readily available the expertise of the
specialist

b. provide a means for collecting and recording
large databases for clinical research

c. automate part of the expert's task in order
to inecrease produetivity and lower cost= (6).

In order to take advantage of these capabilities, an
expert system has been developed at Helen Hayes
Hospital to assist in the prescription of wheelchair
cushions to provide guidance and knowledge for both
the inexperienced and experienced therapist (7).

This program organizes the cushion selections and helps
guide the evaluator in choosing an appropriate cushion
with a minimum number of cushion trials. The patient's
administrative data is entered, followed by a profile of
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his/her seating behavior, including skin conditions at the
various sites, ischial prominence, frequenecy of push-ups
and total sitting time. These characteristies then
determine the acceptable or goal pressures that should
be achieved at the various buttock sites. Finally,
interface pressure values are measured on a three and
four inch reference cushion. Based on these values,
and clinical data the fitter is guided to evaluate either
Foams and T-foams, composites, Cutouts, Gels, Rohos
or Jays. The choice of subsequent eushion is based on
the previous measurements taken. This process continues
until the pressure goals, along with stability,
temperature and comfort criteria are met.

Part of the program has an extensive seheduling routine
which enables the therapist to schedule a follow-up
appointment, usually six months later. These subsequent
sessions are extremely important in preventing pressure
sores. Dvring the follow-up, cushions may need
replacement due to ordinary wear and tear, or if the
person's physical condition has changed, making his/her
present cushion unsuitable, an alternative type or design
can be provided. Also, the person's skin condition ecan
be checked and documented. If an appointment is missed,
the therapist is alerted the next time the program is
used, thereby making it easier for him/her to follow-up
patients.

An integral part of using the expert system is its
potential to develop a large database. Not only can
data be collected from the clinic at Helen Hayes
Hospital, but the program can easily be implemented in
clinies at other centers, thereby providing not only a
transfer of expertise, but also a means to establish a
multi-center database. Data collected could be used to
determine which cushion types are most effective for
different levels of injury, how long each cushion type
can be used effectively before needing replacement, and
the frequeney with whieh cushions are prescribed at the
various centers. The results gained would then be used
to update and improve the clinical services by modifying
the expert system and other eclinical procedures.

MAPPING THE HIGH PRESSURE AREAS

One category of cushions frequently used in the seating
elinie is Foam in which the high pressure regions under
the ischial tuberosities are relieved by ecutting out the
cushion under these areas. The cutout is either left
empty or filled with a softer foam. Success of this
method depends on accurately locating the high pressure
areas of the ischial tuberosities. TIRR developed a
PEP-Pressure Evaluator Pad, a mat with a matrix of
resistive paint which can provide this pressure
information (8). At present, two less sophisticated
methods are currently used in clinic. The first method
is a modified wheelchair with an optical barograph,
based on the pedobarograph econcept (9). This
arrangement causes high pressure areas to show up light
and low pressure areas to show up dark. The areas are
then marked on a removable grid and used to determine
the cutout dimension. The second device takes an
imprint of the person's buttocks. A frame with rollers

covered by a ecanvas mat is placed in the person's
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wheelchair seat. Under the rollers is a special
carbonized paper designed for gait analysis (Shutrak
Walking Progress and Analysis Record) which provides
a tracing of the buttocks' high pressure areas. The
frame allows the therapist to lower and raise the patient
onto the Shutrak without smearing the image of the
isehial tuberosities. The patient first transfers on to
the taut canvas, then is lowered until sitting firmly on
the frame and Shutrak, and finally is raised and the
tracing removed. This provides the therapist with a
permanent tracing of the high pressure areas needed to
determine the dimension of the cutout. In addition, this
method is portable and allows the measurements to be
taken in the users own chair.

PUSH-UP MONITOR

Research has shown that the risk of pressure sore
formation decreases not only by reducing the pressure
but also by periodieally relieving the pressure under the
buttocks, by leaning or pushing-up (10). In genera', a
pressure relief of five seconds duration every fifteen
minutes is thought to significantly reduce the risk of
pressure sores (11). To aid in the monitoring of push-
up frequeney of the spinal cord injured, a portable
monitor has been developed to record push-up type,
duration and time of oceurrence. A similar monitor is
being developed by Brian Andrews in Glasgow, Scotland.
The monitor being developed at Helen Hayes Hospital is
housed in an Ethifoam seat insert and connected to a
force plate in the chair seat. The force plate is strain
gaged, and with its accompanying electronics, measures
the X and Y coordinates of the center of gravity, along
with a Z component proportional to the total weight on
the plate. These three signals can uniquely detect a
full push-up, a lean to the left or right, and a lean
forward. The monitor can operate for a month, thereby
allowing for an accurate profile of the person's push-
up behavior in his/her natural home environment. The
results are then processed and displayed on an IBM PC,
Therefore, patients who do not push-up frequently
enough can be identified and be given additional
instruetions on performing push-ups and their
importance. The effectiveness and retention level of
the training ecan also be checked by subsequent
monitoring sessions, with individualized modifications
made where necessary.

COMPUTER ASSISTED INTERACTIVE VIDEO

In any elinic or rehabilitation program, emphasis is
placed on patient education. An educational method is
needed that actively teaches the principles of pressure
sores, provides a measure of the comprehension level of
the user, can be individualized to the patient's
educational and comprehension level, and can be learned
without an educator present all the time. Computer
assisted interaective video, which combines the color and
motion of video with the versatility of a computer,
meets these criteria. It can be individualized to each
patient by branching to remedial and advanced sections.
Furthermore, the active involvement of the user in going
to other segments, and/or in answering questions,
enhances the user's attention span along with his/her
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comprehension, retention, and interest level. The video
segments also provide the opportunity for valuable active
demonstrations, such as showing actual push-ups or skin
inspection techniques. Topiecs covered in the program
include:

a. causes of pressure sores

b. skin etiology

c¢. various ways of relieving pressure

d. how and when to perform skin inspections
e. proper use of equipment such as cushions and

wheelchairs

f. who to contact and what to do if a sore
developes

Through Computer Assisted Interactive Video, this

information can be conveyed effectively to the patient
while also freeing the therapist/educator for other
activities.

CONCLUSIONS

A pressure sore clinic provides an organized,
multidisciplinary approach to reducing pressure sores.
By providing better seating surfaces, which minimize
the buttock interface pressure, and by better educating
the spinal cord injured client, the incidence of pressure
sores should be reduced. Presently, the emphasis is on
preseribing cushions, monitoring and evaluating clients'
pressure relief profiles, and training them in the basies
of pressure sore prevention. The clinie also provides a
framework for transferring the knowledge gained in
pressure sore prevention techniques to other centers.
In addition, the expert system for cushion prescription
provides the opportunity to establish a database by
forming a network of centers which use the expert
system and share the data collected. This should yield
information on the in-field performance of different
cushion types, patterns in prescription and replacement,
and epidemiological data.
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THE "RESPONAUT PROGRAM" - A MODEL SYSTEM OF SERVICES AND

10.3

CARE FOR LIFE-SUPPORTIVE PERSONS IN ENGLAND

Allen I. Goldberg, Northwestern University Medical School;
and Eveline A.M. Faure, Pritzker School of Medicine,

University of Chicago

ABSTRACT

The "Responaut Program" is a hospital-
based operational program which pro-
vides needed care and services for
ventilator-dependent persons in Eng-
land. These severely physically-dis-
abled people are either at home with
family members, or in the community,
because of the development of other
suitable alternatives. They are able
to live, learn, and work using life
supportive technology and other tech-
nical aids because of a system that
they have designed with professionals
and others concerned. This program
began in 1965 and has served 411 for-
mer patients; as of 6/15/83, it bene-
fits 233 people with a highly personal
home maintenance service as well as
the hospital base-unit (Phipps Respi-
ratory Unit - St. Thomas' Hospital,
London) .

INTRODUCTION

A responaut is a ventilator-dependent,
severely physically-disabled person liv-
ing independently. The term was coined
by the original responauts themselves;
these polio survivors, like astronauts,
wanted to venture out into the unknown.
Responauts want to and now do live as
they choose in an appropriate community
setting. They now include persons with
other conditions regquiring life-suppor-
tive technology and other technical
aids, which permit them the opportuni-
ties for learning, working, and enjoy-
ing their lives. This is made possible
by a model system - the "Responaut Pro-
gram".

ORGANIZATIONAL COMPONENTS OF THE
"RESPONAUT PROGRAM"

The "Responaut Program" is an organized
series of services and options avail-
able to anyone in England who depends
upon prolonged mechanical ventilation
or who has a respiratory disability
that requires the Phipps Respiratory
Unit (PRU).

The "Responaut Program" consists of the

following services:

- comprehensive medical/rehabilitative
care in the PRU;

- planning for a safe discharge to
home or a variety of community al-
ternatives;

- home care, either provided by one of
17 PRU attendant staff who live in
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the home of responauts, or community-
based caregivers, provided by a gov-
ernment agency and/or governmental
fund;

- home maintenance services of all re-
spiratory technical, and personal
needs on a regular and emergency ba-
sig.

The Base-Unit

The PRU remains the central focus of the

"Responaut Program" because it provides

the:

- security for the patients, profes-
sionals, and administrators;

- guaranteed standard of care and qual-
ity assurance;

- most coordinated operational basis;

- medico-legal basis for the protection
of all involved parties.

The PRU Team

The PRU Team consists of the following
team members:

- Physician: a consultant and educa-
tors;

- Nurse: an administrator and educa-
tor;

- Physical Therapists: a clinician and
educator;

- Social Worker: a comprehensive care-
manager ;

- Home Maintenance Technician: a home

care service provider.

The Home Maintenance Service

Responauts could not live at home with-

out a dependable home maintenance ser-

vice. This hospital-based coordinated

service includes:

- routine maintenance of major equip-
ment;

- emergency minor/major repair/replace-
ment;

- resupply of small parts, inventory;

- regular observation in the home of
responauts and communication to all
"Responaut Program" members.

REGIONAL COMMUNITY OPTIONS AND SERVICES

Not all responauts have families to go
home to. Some responauts have tempor-
ary or permanent social, educational, or
vocational needs that require other op-
tions in the community setting. This is
made possible by utilizing available re-
sources and facilities which are used
jointly with other members of the com-
munity. The following components will
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THE "RESPONAUT PROGRAM"

illustrate how systems can develop meet-
ing universal needs, as well as those
of ventilator-dependent persons.

Respite Care

The Netley Waterside House is a part-
nership between government (Borough

of Lambeth), and a voluntary organi-
zation (REFRESH): a group of consum-
ers, professionals, and concerned
people. It is a purpose-built holiday
home to meet multiple needs of disabl-
ed people (4 responauts), socially
disadvantaged and elderly (26 resi-
dents) .

Education, Care and Rehabilitation En-—
gineering

Chailey Heritage is an established
hospital, school, and rehabilitation
engineering center serving 160 severe-
ly disabled children (50 day/110 res-
idential). It has accepted and un-
dertaken the challenge of a 14 year-
old responaut.

Independent Living Center

Le Court is the original Cheshire
Home. It is a community of disabled
adults who share services in a group
living arrangement. The responauts
there have chosen this alternative for
social and financial reasons.

Education, Working, Communication with
Technical Aids

For all responauts living at home or
elsewhere, a great deal more inde-
pendence is possible because of elec-
tronic and computer technical aids de-
signed with the input of disabled per-
sons. Possum, Ltd. is a not-for-profit
organization controlled by charities.
Technical aids are bought with public
funds and permit the disabled person a
greater degree of physical independ-
ence and reduced need for personal care
attendants.

Technical Aid and Information

The transition to home or the community
requires knowledge of the availability
and functioning of technical aids. The
Disabled Living Foundation provides two
essential services for responauts (and
other disabled persons) to supplement
their education and experience from the
PRU.

Technical Aids Center. A permanent
display of comprehensive range of de-
vices. Product information is dissemi-
nated to health care professiocnals, so-
cial service workers, educators, hos-
pital administrators, architects,
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designers, students, and consumers.
The devices are explained by profession-
al therapists.

Information Service. A major documen-
tation center provides needed informa-
tion for disabled persons and all those
concerned. The service provides sub-
scriptions for regular bulletins and in-
dexed information. A registry of infor-
mation responds to all requests and re-
ferrals.

Self-Help and Advocacy

The Phipps Respiratory Unit Patients
Association (PRUPA) has made improve-
ments in the PRU and made possible de-
velopments in care, service, and equip-
ment. Its co-founder and chairperson
serves all disabled persons as a mem-
ber of the House of Lords and the All-
Party Disablement Group. In addition,
advocacy, documentation, and political
action is made possible for responauts,
as part of the entire disabled person
community, by the Royal Association for
Disability and Rehabilitation (RADAR).

Special Publications

Responaut-By, For and About Respiratory
Aided and Other Gadget-Aided People is

a publication describing devices, their
application, and experience of respo-
nauts and other physically disabled per-
sons.

DISCUSSION

The "Responaut Program" is a model sys-
tem which meets the medical, rehabili-
tative, and technological needs of
ventilator-dependent, severely-disabled
persons. At the base-unit, the require-
ments for life-supportive technology are
determined. Further information and
assistance is provided to users of tech-
nical aids at the Disabled Living Foun-
dation. This organization, the self-
help group (PRUPA), and RADAR can pro-
vide further needed information about
the availability and use of technologic
devices.

Many of the mechanical, electronic, and
computer devices are made with the in-
put of the disabled consumer (PRUPA,

Possum) . Needed information is dis-

seminated by the Disabled Living Foun-
dation and RADAR. Some of this infor-
mation is found in a specialized journ-

al (Responaut).

Home care and other community living
alternatives are available to respo-
nauts and to other disabled persons who
need them. They are safely provided to
responauts by linkages to the base-unit
and the home maintenance service.
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CONCLUSION

Despite the need for life-supportive
technology and other technologic aids,
a system can be established which en-
ables ventilator-dependent persons a
life of choice in the community. By
its nature, such a system will more
optimally utilize available resources
and meet multiple needs of other per-
sons with disabilities.
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REHABILITATION ENGINEERING TECHNOLOGY APPLIED IN A TOTAL CARE FACILITY:

A FEASTIBILITY STUDY

English, J.B., Knorr, K.H., Schuch, J.Z.

Virginia Department of Rehabilitative Services
Woodrow Wilson Rehabilitation Center
Rehabilitation Engineering Department

Fishersville, Virginia

ABSTRACT

The hypothesis of this study is that rehabilita-
tion engineering technology applied to routine
daily living activities in a total care setting
could reduce medicaid costs, further the cause
of deinstitutionalization, and increase indepen-
dence for its residents. The results of the
study took a first step toward proving that hy-
pothesis by identifying problems and potential
solutions that could be addressed through the
provision of rehabilitation engineering services
to the total care community. While the actual
social and economic benefits have not been demon-
strated, findings and conclusions of the case
study at Richfield's McVitty House, a skilled
care nursing facility in Salem, Virginia, are
strong enough to indicate that expansion of this
service to this community would meet the original
intent.

INTRODUCTION

In the interests of reducing Medicaid expenditure
in total care facilities, of deinstitutionaliza-
tion, and of increasing the possibility for a
more independent lifestyle for both the aging
population and/or the more severely disabled,
the Commissioner of Virginia's Department of
Rehabilitative Services (DRS) authorized a study
to determine the practical value of applied reha-
bilitation engineering technology for the total
care community. To realize this, the Commissioner
met with Mr. Ted Russell, President of Richfield
Retirement Communities and the administrative
and rehabilitation engineering staff at Woodrow
Wilson Rehabilitation Center (WWRC) to propose
conducting the study at Richfield's skilled care
facility, McVitty House, using the WWRC rehabili-
tation engineering team.

The general purpose of the project was to deter-
mine if rehabilitation engineering services could
be practical and beneficial both seocially and
economically for severely disabled and aged indi-
viduals in a total care setting. Specifically,
the project team was intent on identifying generic
problems in the three observation areas of bath-
ing, mobility, and transfers which could be re-
duced or eliminated through rehabilitation engi-
neering technology. Identification of more effi-
cient methods for carrying out those daily rou-
tines would also be detailed. The team was inter-
ested in finding ways to increase the independence
of the McVitty House residents and to reduce
both the cost and staff time involved in total
care. Furthermore, this consultation was viewed
as a model experience upon which to decide the
feasibility of expanding this service within
the overall nursing home industry. The team,
therefore, limited the scope of the assessment
to three generic patient activities, looking
toward identifying problems that might be charac-
teristic of most total care facilities and devel-
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oping solutions that could then be widely used.
This would speak to the issue of a more long-
term commitment to the expansion of such services.

METHODS

Once the cooperative agreement had been developed,
the project staff formalized the implementation
logistics or methodology. The final phase before
implementation involved strategic planning for
the three-day consultation. Who would participate
in what capacity, the schedule of patients and
activities to be assessed, and the format for
the assessment process were completed. A female
rehabilitation engineer participated to allow
for the privacy of female patients who would
be observed in the bathing and transfer proce-
dures. The physical therapist from McVitty House
was to observe and learn to carry-through the
rehabilitation engineering function for McVitty
House after the project. A physical therapist
from WWRC came for one day of the three. She
had prior experience in rehabilitation engineering
assessments in other institutional settings and
was interested in identifying problems and solu-
tions generic to institutions.

Richfield/McVitty House staff provided the sched-
ule of assessment activities showing resident
names, any pertinent medical diagnosis, the acti-
vity to be evaluated, time of that activity and
personal care attendant names. Residents were
a representative sample of McVitty House in terms
of age, sex, and primary physical and/or mental
diagnosis. Personal care attendants were those
who normally work with the selected residents
in their routine activities. The schedule overall
was based upon normal daily routine and activities
carried out in a usual manner, employing usual
techniques and adaptive equipment.

The three-day rehabilitation engineering consulta-
tion service was conducted July 25-27, 1984,
The consultation was initiated with an organiza-
tional meeting to orient all key personnel in-
volved to the assessment process and to organize,
from that group, the assessment team. Included
in this meeting from Richfield were the director
of McVitty House, nursing staff, and the physical
therapist; and, from DRS, two rehabilitation
engineers, an adaptive equipment specialist,
and project support staff.

The first activities assessed were bathing and
related transfers. Each team observed McVitty
House residents with their personal care atten-
dants in bathing. Tasks associated with bathing
and related transfers were identified, noting
problems with those tasks and documenting current
procedures and rationale so that when recommenda-
tions regarding the solution to noted problems
were being determined, current practice could
be considered.
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The assessment of bathing was completed midday
and the entire group - assessment team and admin-
istrators - reconvened. It was decided that
more interaction with residents and their personal
care attendants would be advantageous to overall
findings, conclusions, and recommendations.
Accordingly, the schedule was revised to lighten
the patient load. Additionally, at the request
of the Corporation President, assessment of re-
straining devices and techniques replaced the
assessment of mobility on the schedule, as the
current practice is considered by patients, visi-
tors, and facility inspectors as being dehumani-
zing.

The second day, patient restraints were assessed.
This dincluded reviewing current devices and
techniques, documenting reasons for their use,
noting related problems, and suggesting solutions.

On the third and final day, the rehabilitation
engineering team completed more individual evalua-
tions., These individual assessments enabled
the assessment team to determine if referral
to other support services would be appropriate.

Following the on-site consultation, the assessment
team met with project support staff to detail
findings, identify solutions, determine the avail-
ability of the recommended solutions, and suggest
potential benefits of applying those solutions.
All findings and related information were then
submitted to project support staff for preparation
of the final report.

RESULTS

Bathing

1. Tdentified solutions associated with bathing
are applicable to all residents, predominantly
commercially available, and will result in a
savings of time and energy and increased resident
and staff safety.

/18 Use of commercially available devices can
be implemented with existing staff resources
at a relatively low cost with immediate gain.

3. Implementation of all solutions has the poten-
tial to increase resident independence and de-
crease personal care attendant involvement.

available devices would
require rehabilitation engineering design and
fabrication with immediate gains relative to
staff and resident time and safety and long-term
gain relative to cost.

4, Non-commercially

Transfers

g Select individuals could benefit from the
gradual replacement of wheelchairs without remov—
able armrests to those with removable armrests.
Use of these chairs would result in increased
independence of the residents and a decrease
in staff involvement. Purchase of these chairs
may necessitate education of the staff in appro-
priate transfer techniques. These chairs are
commercially available.

2. Resident and staff safety and comfort during
transfers involving a gurney could be enhanced
by fabrication of a gurney-to-wall latch and
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a one-operation brake for gurney and wheelchair
wheels. These are not commercially available,
but could be fabricated on-site (Richfield) with
minimal cost and under the direction of a reha-
bilitation engineer.

Mobility

Mobility was not considered a significant issue
at McVitty House as residents' food, medication,
etc, are delivered by staff.

Restraining Devices and Techniques

T Restraint methods are a significant issue
at McVitty House due to the large percentage
of residents requiring restraint and the dehumani-

zing effect perceived by residents, visitors,
and facility inspectors.

2. With appropriate medical intervention, the
potential exists for all restraining devices

or solutions suggested to be fabricated on-site
with the technical support of a rehabilitation
engineer for choosing materials, determining
fabrication techniques, and applying engineering
theory.

3. Proper use of the restraining devices or
solutions can result in increased safety for
all staff and residents; easier resident manage—
ment; increased functional posture; decreased
debilitation; and a more humane, less restrictive
environment.

Individual Residents

1 The rehabilitation engineering assessment
team identified a number of solutions to client
specific needs which are either commercially

available or could be fabricated on-site with
direction from the rehabilitation engineer.
Solutions would result in increased independence,
improved posture, improved self-image, improved
physical status, and reduction in long-term medi-
cal complications.

Za The rehabilitation engineering assessment
team identified the need for comprehensive reha-
bilitation services that would increase physical
functioning, apply that functioning to daily
living skills, and reinforce those skills through
therapeutic recreational activities.

CONCLUSIONS

From the results obtained, the following conclu-
sions can be made:

1. Rehabilitation Engineering may be able to
reduce facility cost by reducing attendant in-
volvement with residents and increasing the effi-
ciency of routine patient care procedures, thereby
saving time, energy, and money. Likewise, this
service can improve the physical and emotional
status of residents, thereby reducing long-term
medical and maintenance/treatment costs.

2. Rehabilitation Engineering may be able to
further  the cause of deinstitutionalization
through early intervention in the rehabilitation
of aged and/or severely disabled individuals
to prevent institutionalization. Through partici-
pation in screening of individuals for admission
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and placement in residential treatment or care
facilities, these services could prevent or delay
admission to total care and/or accomplish place-
ment in intermediate care or independent living
facilities. For some individuals already institu-
tionalized, this technology can increase indepen-
dent functioning enabling discharge to an indepen-
dent living situation. In all these situations,
rehabilitation engineering intervention could
additionally identify and bring into play other
rehabilitation support services to capitalize
on the benefits or gains of the applied technol-
ogy, thus promoting independence and, to the
greatest extent possible, self-sufficiency.
This would also contribute to reduction of facili-
Lty costs.

3. Rehabilitation engineering can increase the
independent functioning of those who reside in
intermediate and total-care communities by fabri-
cating devices that will enable individuals to
be more responsible in their daily living activi-
ties and less dependent on attendants. For these
individuals, rehabilitation engineering can also
improve functional posture and physical status,
thereby decreasing further debilitation and reduc—
ing long-term medical complications and costs.
Overall, this technology can create a less re-
strictive, more humane environment which will
increase the comfort and improve the self-image
of all concerned.

After implementation of suggested solutions,
a thorough analysis of the cost effectiveness
and benefits relative to solutions requiring
engineering design and fabrication will be conduc-
ted.

Concurrently, a survey of other facilities may
be conducted to validate the assumption that
problems and potential solutions are characteris-
tic of the overall total care community. Thus,
the need for this service can be better realized.
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COMPUTERIZED HANDLING OF INFORMATION ON TECHNICAL AIDS IN THE ITALIAN 10.5
ADVICE CENTRES NETWORK AND COMPUTER-ASSISTED EVALUATION OF THE SERVICE

Renzo Andrich
EVALUATION AND INFORMATION CENTRE ON TECHNICAL AIDS
FONDAZIONE PRO JUVENTUTE "DON CARLO GNOCCHI",

ABSTRACT

Since 1988 the Evaluation and Information Centre
on Technical Aids has been working at designing,
creating, evaluating through practical use in its
Advice Service and improving a computerized data
bank on technical aids for the disabled.

Due to new developments, some new Advice Centres
were set up all over Italy during 1984. Those
centres all have direct access to the Data Bank,
and form part of a developing network which will
cover the whole Country. Data on the utilization
of the Data Bank and of the counselling service
are registered and thus statistically processed
which ensures integrated field evaluation of the
effectiveness of the service.

INTRODUCTION

The possibility of setting up an effective advice
and information service on technical aids for the
disabled in Italy started when one of the major
institutions working in the field of Rehabilit-—
ation, namely the "Fondazione Pro Juventute",
decided, in the frame of its research activities
(Bioengineering Centre), to undertake a project
aimed at creating a computerized Data Bank and an
experimental Advice Centre directed at the asers,
the professicnals, the architects and in general
all the people involved in the rehabilitation
process. After an experimental period (1980-1982)
the project brought about the establishment of
the Evaluation and Information Centre on techni-
cal Aids (SIVA) which has been offering counsel-
ling services for the last two years through
its staff, its permanent exhibition and its
computerized information management. The close
connection between software development and prac-
tical use has allowed continuous improvement ba-
sed upon actual information needs. The final
version was completed by the end of 1984.

The Data Retrieval Program (designed on purpose
by SIVA) is an "expert system", offering its user
(to whom no experience in informatics is required)
guidance in finding the information needed
starting from the functional and environ-
mental problems of each disabled person. In order
to play an active role in the present project
HANDYNET (aimed at creating an European inform-
ation network on the technical and social resour-
ces which can promote care, rehabilitation and
social integration) run by the Commission of
the European Communities, the Data Bank has been
given a Multilingual Access feature, allowing
retrieval of data in several mother tonguec
even if data are stored in a different language.

Technical details of the system are described in
[1], [2] and [3] : but in 1984 the setting up of
other Advice Centres offering Lounselllng servi-
ces in other regions of Italy was put into
effect, involving major improvements in both
software and organization of services. These
improvements are described in this paper.
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Milano, Italy

THE DEVELOPMENT OF THE ITALIAN INFORMATION NET-
WORK FOR THE DISABLED.

Several different technical means are offered to
make available remote access to the information
updated and collected by SIVA, each one suitable
to the dJdifferent information needs and econamic
possibilities of the Centres and organizations
asking for connection (Fig.l). The Data Bank is
hosted in a DEC VAX 11/750 Computer where upda-
ting of the contents is performed daily by SIVA's
staff. A version is also hosted and monthly upda-
ted on the UNIVAC 1106/90 Computer of CILEA in
Milan, which offers access through terminal and
telephonic network or the data network ITAPAC.
ITAPAC is in turn connected to most of the data
network existing abroad.

Theraelfore  infocnation  is  accessible from  any
terminal in the world subject to appropriate
agreanents, and the multilingual access feature
overcomes any problem of data translation., AL the
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date of submission of this paper, the data bank

is operating in Italian, English and French, and

contains extensive information on about 3100

products belonging to some 300 different types

and 500 manufacturers and suppliers. Besides

SIVA's own advice centre, up to now four other

centres have been established by wvarious Orga-

nizations showing different characteristics (fig.

2):3

1) the Advice and Resource Centre run by
the Municipality of Turin  services the
rehabilitation facilities and the Local Health
Authorities of the Region of Piedmont. Monthly
transfer of updated magnetic tape to its
DEC VAX 11/75¢0 computer ensures connection
to the information network.

2) The Cagliari Local Health Authority has set up
a documentation centre servicing its rehabi-
litation facilities which can offer informa-
tion throughout the whole region of Sardinia.
Connection to SIVA is performed  through
periodical mailing of magnetic disk to its DBEC
PDP 11/34 computer.

3) The Treviso Local Health Authority's office
which deals with the provision of technical
aid has created a professional advice service,
available to offer information in the Region
of Veneto. It accesses directly the UNIVAC
1166/9¢ Computer of CILEA through telephone/
ITAPAC network and a personal computer
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working as remote terminal as well as for the
management of local files.

4) An association of professional and disabled,
namely the "Centro Studi Prisma" in Belluno,
obtains SIVA's information through periodical
mailing of five updated printouts containing
product information abstracts and cross-refe-
rence indexes providing basic information
for choosing appropriate aids.

Each of these centres is willing to set up a
permanent exhibition, the importance of which has
been widely acknowledged. Contacts are being
developed in order to promote the creation of
centres in other Regions. Using the data bank and
printouts does not require any background in but .
a basic knowledge of the problems of disability.
However, SIVA is going to organize periodical
courses for the information brokers in order to
improve service effectiveness.

FIELD EVALUATION OF THE COMPUTERIZED DATA BANK.

When putting the Data Bank at the disposal of
peripheral Centres, the availability of a tool
able to monitor and to obtain knowledge on how
the data bank is used is of paramount importance.
SIVA's experience suggests that the following
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aspects should be emphasized:

1) knowledge of the most common transactions
needed by the users, in order to improve inte-
ractive software where worthwhile;

2) identification of the data used most often,
in order to devote more effort to data collec-
tion where worthwhile;

3) identification of the critical points in
the interactive software (where data re-
trieval appears difficult or misleading and
the user is likely to make mistakes);

4) getting help from the users in identifying
data which can eventually be obsolete;

5) Receiving users' comnents through a software
mailbox;

6) Understanding when the data bank is used
inappropriately, allowing SIVA's staff to
contact and help the user for better manage-
ment.

Through 3 simple questions the user is asked
to specify, after each retrieval operation, the
type of client for whom the search has been
performed and the opinion of the results. If the
user coope- rates, the main characteristics of
the transactions are recorded and periodical
analytical and statistical reports can be
produced by SIVA (fig.3) allowing effective
field evaluation,
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ADVICE SERVICE MONITORING AND EVALUATION

When beginning to set up peripheral Centers a
common procesure was established in order to
monitor the whole service both at national and at
local level and to allow information exchange and
camparison amcng different centres. In fact, use
of the data bank occurs only for a certain amount-
of information enquiries, which can be relevant
to a broader field than product information.
Each counselling service relevant to a client is
recorded through a standard form (fig. 4) and
stored in SIVA's computer. Software has been
developed cn purpose allowing production of
statistical and analytical reports, which give a
powerful tool for evaluation (fig.5) of all
aspects of the service.
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Measuring Client Gain From Rehabilitation

Engineering Services

George D. McCoy, North Carolina Division of Vocational

Rehabilitation Services

Frank Puckett, University of Iowa Hospitals and Clinics

ABSTRACT

Clients served by the North Carolina Division of
Vocational Rehabilitation Services were
evaluated to determine the effect of
rehabilitation engineering services on their
level of functional independence. A special
assessment instrument was designed by the
rehabilitation engineering staff and
administered to clients served by the engineers
during the period from July through November,
1983. Results of the study suggest that
assessment of a client's level of independence
in and around the house and in using a vehicle
is a feasible outcome measure for the
rehabilitation engineering program in North
Carolina.

INTRODUCTION

For several years, respected professionals in
the field of rehabilitation engineering have
called for more studies to measure the
effectiveness of rehabilitation engineering
services (1,2). The approach taken in this
study was to try to evaluate the impact of
rehabilitation engineering services on
vocational rehabilitation clients' functional
independence.

BACKGROUND

Since 1979, the North Carolina Division of
Vocational Rehabilitation Services (NCDVRS) has
operated a field-based rehabilitation
engineering service delivery program. One
rehabilitation engineer is assigned to and
located in each of the state's four
administrative regions. With four engineers,
every county in the state has access to
rehabilitation engineering services. Typical
engineering services provided include residence,
vehicle, and job or job site modifications. The
engineers serve an average of 60 to 65 VR
clients per year, for an annual combined average
of 240 to 260 clients. 1In addition, the
engineers provide consultation to non-VR clients
and the community as time permits. Funding for
services comes from a variety of sources, such
as the VR Agency, the client, Worker's
Compensation, the Veterans Administration, civic
or church groups, and others.

The NCDVRS decided to incorporate engineering
into its service delivery system because of the
Director's commitment to rehabilitation of the
severely disabled. North Carolina has a
stalewide network of rehabilitation centers
which serve as the main resource for orthopedic
surgery, neurosurgery, rehabilitation nursing,
physical and occupational therapy, prosthetics
and orthotics, and other medical professions.
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Some of the major medical centers also include
biomedical engineers on staff. The need in
North Carolina is for professional engineering
consultation in the field, especially important
in a state which is predominantly rural.
Although the NCDVRS' engineers may act as team
members with the rehabilitation and medical
center staff on occasion, they operate on their
own accord as they travel to all parts of the
state. These engineers primarily deal with
modifying the client's environment, assuming
thal the client has already received maximum
benefit and appropriate assistive devices from
the specialists in the rehabilitation centers.
In rural North Carolina, lack of accessible
housing and transportation remain major
obstacles to successful independent 1living and
vocational rehabilitation outcomes. The NCDVRS
rehabilitation engineering program focuses on
this pragmatic level of service delivery;
research does not compose an important part of
the engineers' activity.

The NCDVRS' subjective assessment of its
rehabilitation engineering program is that
engineers help improve service delivery to
severely disabled clients by increasing
placement options; by providing correct design
for removal of architectural barriers; by
designing solutions for the driving problems of
people who have severe physical disabilities; by
preparing bid packages which include only the
items needed to effect rehabilitation; and by
monitoring the cost and the quality of work
performed by vendors on behalf of clients.
subjective assessment led to the Agency's
decision to convert the project, in 1981, to
permanent program status at the end of the
initial three year grant period. However, the
Agency has continued to search for means of
obtaining objective measures of the impact of
the engineering service. Program evaluation is
difficult because the engineering service is

tailored to meet the needs of an individual
client and an individual rehabilitation plan;
cost effectiveness of the engineering program
cannot be analyzed outside the context of
overall vocational rehabilitation cost
effectiveness, and control of variables in a
field-based program is virtually impossible,
since the clients who are receiving services are
scattered across a large geographic area and do
not come in to a central location for services.

This

Mr. Frank Puckett, then a doctoral student at
Southern Illinois University, contacted the
Agency because he was interested in doing a
program evaluation of the North Carolina
rehabilitation engineering service delivery
system. He suggested using increase in a
client's level of functional independence as the
outcome measure. While this approach would not
provide a total evaluation of the program, it
seemed like a good place to start, and would
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help determine in an objective manner whether
clients were actually benefiting from the
program. Of additional worth to the Agency was
that technical assistance would be available for
structuring the study and for data collection;
that a disinterested party would be examining
the program objectively; and that some costs of
the study could be supported by a grant to Mr.
Puckett from the University of Wisconsin-Stout.
Thus, the Agency decided to work cooperatively
in this effort.

MATERIALS AND METHODS

One major aspect of this study was to develop a
Rehabilitation Engineering Services Evaluation
(RESE) scale, utilizing the staff of the
rehabilitation engineering program in North
Carolina. The specific purposes of this study
were to develop the RESE scale to assess its
reliability and validity, and to demonstrate its
use in a study designed to evaluate the effect
of rehabilitation engineering services provided
to clients by the NCDVRS. Twenty-one subjects
were identified from the Agency's engineering
clients for the study.

In developing the RESE scale, several sources
were reviewed to gain information about other
scales which measure functional independence
(3,4). Activities of daily 1iving scales (5)
were reviewed as well as the work done at Rancho
Los Amigos on the development of their program
evaluation for rehabilitation engineering
services (6). For our purposes, the scale items
needed to be behavioral and easily observed in
order to facilitate data collection. In this
respect, the ADL scales used by occupational
therapists proved to be the most helpful. The
following is a sample item from the RESE scale:

1. Can the client get in and out of his/her

home...?

a. Independently, with no type of
assistance needed.

b. Independently, but uses an assistive
device.

c. Partly dependent on another person.

d. Totally dependent on another person.

Two subscales were developed for the RESE
scale--residential and vehicle. Three
alternalive forms of the RESE scale were
developed--a self-report form, a clinical
assessment form, and a behavioral observation
form. The self-report form was completed by
each subject in the study. The clinical
assessment form was completed by the
rehabilitation engineer assigned to each
client's case. Lastly, two trained raters
interviewed each client in the home and observed
his or her performance of the activities
identified on the RESE scale. The behavioral
observation form of the RESE scale was
administered twice to each client in an effort
to measure the client's level of functioning at
a time prior to and following the provision of
rehabilitation engineering services.
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RESULTS

Ebel's statistic was used to assess the
reliability across the three alternative forms
of the RESE scale. The estimated reliability
for the total RESE score was .80. For the RESE
subscales (residential and vehicle), the
reliability estimates were .77 and .76,
respectively. Validity was assessed by
correlating the RESE scale with other measures
of functional ability. The RESE was found to
correlate quite well with the other measures of
activities of daily living and self-care.
Correlation between the RESE scale and the
Barthel Index was .79 (p<.01). The RESE scale
was also correlated with the self-care subscale
of the Life Functioning Index (r(19)=.77, p<.01).

The RESE scale has demonstrated acceptable
reliability and credible evidence of validity.
Most importantly, the RESE scale has shown
potential for measuring the gain in level of
functional independence following the provision
of rehabilitation engineering services.

DISCUSSION

The Agency's experience in this study supported
its subjective impression of client benefit from
the engineering program. Other authors have
discussed the relationship between a client's
level of functional independence and potential
for vocational rehabilitation and/or independent
living (7,8). More research is needed on the
impact of various types of rehabilitation
engineering service, for example, removal of
home barriers, removal of community
architectural barriers, removal of
transportation barriers, provision of assistive
devices, development of new mobility or
communication devices, etc. Further work also
necds to be done to research the relationships
thal presumably exist between rehabilitation
engineering, client functional independence, and
client potential for a positive vocational
and/or independent 1iving outcome.

A problem encountered with the RESE scale which
merits further research is that it was not
possible to differentiate the safety or
convenience aspect of performing a task quickly
and easily as opposed to performing it slowly
and with difficulty. For example, a client
marked on the RESE scale that he could get into
and out of a van independently, without
assistance, because he transferred from his
wheelchair to the floor of the van, dragged
himself along the van floor, and pulled up into
a seat. The fact that a 1ift allowed quicker,
easier, and safer access was not detected by the
RESE scale, since the client marked the scale
the same way before and after the addition of a
1ift. Since we decided to concentrate on the
mosl objective measures possible, we tried to
avoid the more subjective nature of
"convenience" in functional independence.
However, this narrow focus resulted in a smaller
reported increase in independence, which needs
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to be dealt with in future studies. This
example underscores the difficulty of research
on rehabilitation engineering.

Despite these problems, the Agency has found the
outcome of the study to be a promising beginning
for establishing a means of ongoing program
evaluation for its field-based rehabilitation
engineering service delivery system.
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A SURVEY OF WHEELCHAIR SEATING SERVICE DELIVERY 10.7
PROGRAMS IN THE UNLTED STATES

Richard N. Holte, MSc., Children's Hospital at Stanford (1)
and Nigel. G. Shapcott, MSc., University of Tennessee (2)

ABSTRACT

A survey of 26 facilities in 17 states was
undertaken. Information was collected on
technical, patient, and financial topiecs. It is
concluded that wheelchair seating is a sizable
and widely practiced specialty. Funding and
education were the main problems currently
encountered by practitioners in this field.

INTRODUCTION

The field of special wheelchair seating has
received a good deal of attention in the past ten
years, mainly focused on technical and
therapeutic aspects of postural and tissue trauma
seating. New products have appeared in the
marketplace, and several hundred people have
received training in the provision of seating
services, for example through the annual workshop
hosted by the University of Tennessee. The three
purposes of the current survey were: to
determine the impact of the seating delivery
industry in the United States; to complement
previous surveys of this type (3, 4) by accumu-
lating a greater detail of financial information;
and to see what common obstacles practitioners
perceived.

SURVEY DISTRIBUTION

240 questionnaires were mailed to facilities in
36 states. Responses were received from 26
centers in 17 states. The facilities were chosen
by combining the mailing lists from the Seating
Newsletter Club, and the attendees at the
University of Tennessee annual wheelchair seating
workshop.

0f the facilities replying, 12 of 26 were
hospital-based, six were state-funded programs or
institutions of various kinds, and eight were
from private industry.

Not all 26 respondents replied to each question.
In this paper, the actual number of responses to
a specific question is noted.

SURVEY RESULTS

Patient Population

The 18 respondents reported providing services
for 3293 patients, average 183 patients/year/fa-
cility.

Two patterns of diagnostic distribution were
evident: one where Cerebral Palsy was the
dlagnosis of most patients; and the other where
Spinal Cord Injury (SCI) or Cerebral Vascular
Accident (CVA) was the leading diagnostic group.

Cerebral Palsy was the most frequently seen
diagnosis in 21 of 24 facilities. It was usually
followed by Myelomeningocele (12 of 21 centers)
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and Muscular Dystrophy (9 of 17 facilities).
Cerebral Palsy accounted on average for 74% of
the case load, Myelomeningocele for 13% and
Muscular Dystrophy for 8%.

Two centers reported SCI, and one CVA, as the
leading diagnostic category. In both cases,
Cerebral Palsy was the second most frequently
seen dlagnosis. In these "type 2" facilities,
SCI or CVA typlcally accounted for 55% of the
caseload, and Cerebral Palsy for 38%.

Technical Aspects of Services

A total of 2822 seating systems were provided
annually at the 22 centers reporting, average 128
seats/year/facility. The majority --62% -- of
these were custom systems, where a custom system
is defined as having a specially-contoured seat
and/or back, and a standard seating system has
both the seat and the back symmetric. Finally,
25 centers performed a total of 6796
repairs/modifications per year, average 272 per
facility. The number of repairs/modifications
exceeded the number of new seating systems at 19
of 25 facilities.

The overwhelming favorite manner of fabricating
seating systems is plywood and foam constructed
at the reporting facllity. This was the
principal method of 18 of 23 centers and
accounted for 61% of the total number of units
produced. Two centers used principally
commercially-available plywood and foam systems,
and one facility each relied mainly on Mulholland
systems, on OrthoKinetics products, and on
modular molded plastic inserts fabricated at the
facility.

TABLE 1. TECHNIQUES FOR PROVIDING SEATING SYSTEMS

Name of Technique
or Manufacturer

# of systems % of
made this way

Plywood & foam, you make 1725 61
Molded plastic, you make 484 17
Desemo/bead technique 139 5
Gilette/Chailey style 107 4
MPI 84 3
Plywood & foam, commercial 76 3
Contour U 24 e
Mulholland 19 S
Foam in Place 8 ==
Britax 7 E
Other 139 5

Financial Aspects: Third Party Payors

The facilities reported that MedicAid, state
Crippled Children's Services (CCS), and private
insurance were the primary sources of funding for
seating services.
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TABLE 2. SOURCES OF PATIENT FUNDING

Source Number of Percent of Patients

Facilities With This Funding

Reporting MAX MIN AVG
Self pay 11 20 1 32
Private Insurance 16 72 5 21.2
CCSs 19 95 2 23.3
MedicAid 17 97 2 28.3
MediCare 9 25 2 343
Service Clubs 6 40 3 3.2
Veterans Admn. 3 5 2 5
Dept of Rehab. 6 80 3 5l
Others 8 100 2 11:1

All three of the leading sources of funding for
seating services were reported to usually require
prior approval of a project. Prior approval was
required by MedicAid 947% of the time, CCS
required it in 887 of reported cases, and private
insurance in 69% of cases.

The average time to obtain approval was reported
at 33 days for private insurance, 34 days for
CCS, and 51 days for MedicAid.

TABLE 3. PRIOR APPROVAL FOR SEATING SERVICES

Prior

Approval Time to Obtain

Required Prior Approval
Funding # of % DAYS
Source Replies Yes Replies Max. Min. Avg.
Private Ins. 16 69% 6 90 1 33
cCs 16 88% 10 65 1 34
MediAid 16 94% 12 180 10 31
MediCare 5 20% 1 15. k5 15
Service Clubs 9 67% 5 50 30 34
Veterans Adm. 3 677% 1 7 7 7
Dept. of Rehab. 9 897% 6 30 1) 17

All funding sources were reported to pay 78 to
100% of the value of the bills submitted.

TABLE 4. RETURN ON BILLINGS

Return or Paymt. Rec'd.

Divided By
Billing Rendered

Funding # of (Percentage)
Source Replies Max. Min. Avg.
Self-pay 7 100% 957% 997%
Private Ins. 9 100% 807 897%
CCs 8 100% 84% 94%
MedicAid 10 100% 50% 87%
MediCare 3 100% 50% 78%
Service Clubs 5 100% 100% 100%
Veterans Adm. 2 100% 100% 100%
Dept. of Rehab. =] 100% 100% 100%

Facilities were asked if their home state had
MedicAid codes specifically for seating systems.
Apparently, five states do have these codes
(sC, TN, WI, MN,and MA), and six do not (IL, VT,
CA, NE, MS, and PA). From three other states
(0OH, MI, and KS), responses were contradictory
and no conclusion could be drawn.
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Financial Aspects: Facilities Operations

For professional services, 13 centers charged an
average of $45/hr. Two responses differentiated
between therapist ($105/hr., $96/hr.) and ortho—
tist/engineer ($43/hr., $68/hr.}) professional
services. They were not included in the above
average.

For technical services, 11 centers billed at an
average rate of $29/hr.

Six respondents included the fee for evaluation
for a seating system in the charge for the
seating system. Seven facilities charged
separately for the seating asessment.

Concerning profitability of the seating programs
at 15 centers, there was an even split of
programs tht were losing money, breaking even,
and showing a profit. Nine centers reported
total annual operating costs. Four were large
programs ($600K, $230K, $200K, $168K), one was
medium-sized ($70K), and four were small programs
($30K, $28K, $18K, $2K). Average volume was
$150K/facility/year.

Of the five facilities reporting losses, three
were hospital departments, one a large private
foundation, and one a private rehabilitation
engineering practice. Of the private industry
group, five reported breaking even or better, and
one (the private rehabilitation engineering
practice) was losing money on the seating
program.

Perceived Problems and Suggested Solutions

Survey participants perceived problems in three
principal areas: concerning funding; education
for different groups; and with technical issues.
Main funding problems were reported as delays for
prior approval, and slow reimbursement of
accounts receivable. There were needs for
education of staff, third-party payors, and other
allied health professionals. Lack of available
suitable equipment components, and high cost for
same, were the principal complaints of a
technical nature.

The respondents perceived most problems as
suitable for cooperative solution (76%) while
recognizing that some problems were ones they
have to surmount on their own (24%). The most
frequently suggested remedial actions were for:
(FUNDING) legislation, acquisition of cost-
effectiveness data, and education of third-party
payors; (EDUCATION) regional training sessions,
slides/brochures/audiovisual materials, and a
seating journal/catalogue; and (EQUIPMENT)
central cooperative purchasing of seating
components.

DISCUSSION OF SURVEY FINDINGS

Impact of Seating Service Delivery Programs

The survey showed that wheelchair seating is
practiced on a broad geographical basis in the
United States. The value of new seating systems
identified in the survey 1is nearly
$3,000,000/year, based on a conservatively
estimated average value of $1,000/system.
Recalling that only 10% of questionnaires sent
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out were returned, and noting the evident
underrepresentation of the commercially-available
systems, one sees tht the wheelchair seating
industry in the United States is quite large. Tt
is 2 multi-million dollar industry, affecting
thousands of patients annually. It is not
possible to be more precise in estimating the
size and impact of the seating industry from the
current survey data.

Funding for Services

The survey showed that funding for seating
services comes from three principal sources:
MedicAid; state CCS, and private insurance. All
three require prior approval for services most of
the time, with an associated waiting period of
over 50 days for MedicAid, 34 days for CCS, and
33 days for private insurance. Thus, most
patients will wait 1 to 2 months from the time of
device prescription until provision is started.
Service providers can expect to be reimbursed
between 87 and 94% of their submitted billings,
on average, by these major funding sources.
Finally, the number of states reported as having
MedicAld codes for seating services was about
equal to the number of states not having such
codes.

Trends in Financial Operations of Facilities

Few clear trends were seen in the business
practices of seating service delivery programs.
An equal number of large and small programs
responded to the questionnaires. An equal number
of facilties were losing money, breaking even,
and maintaining a profit on their seating
programs. Approximately the same number of
programs charged separately for seating
assessments as included the evaluation in the
equipment charges.

However, there was a clear hierarchy of fees for
different services. Therapist services were
highest—priced, followed by professional
(orthotist/engineer) services, and rounded out by
technical services. The average rates for
professional services and technical services
($45/hr. and $29/hr., respectively) are less than
comparable rates reported by Heinrichs and Shaw
(3) in their 1980 survey ($50/hr. and $30/hr.,
respectively). Bias in samples is the likely
cause,

Finally, it was apparent that the private
enterprise facilities were generally more
conversant with the financial aspects of their
operations than were their counterparts in
hospitals or state programs.

Common Problems

Respondents identified three areas of common
concern: funding, education, and equipment.
This is consistent with Shaw's 1983 survey (4),
in which funding was perceived as the number one
problem in delivering rehabilitation engineering
services. A number of remedial actions were
suggested in the present study. Some of these
are amenable to research/development funding,
such as investigation into cost-effectiveness and
development of different kinds of educational
materials.
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CONCLUSIONS AND RECOMMENDATIONS

1) Seating service delivery should be recognized
as the major field of activity it has become.

2) Facilities with diverse backgrounds and
structures are working to deliver these
services. Cooperation and coordination seem
desirable and possible. RESNA could serve as
the focal point or coordinating agency,
especially on spearheading efforts on topics
such as funding regulations, creation of
educational materials, need for cost-
effectiveness studies, and so forth.

3) Research/development funds should be
forthcoming to support projects whose
outcome will facilitate more widespread
service delivery practices.

REFERENCES

1) Richard N. Holte, MSc., Director of Patient
Services, Rehabilitation Engineering Center,
Children's Hospital at Stanford, 520 Willow
Road, Palo Alto, CA, USA, 94304.

2) Nigel G. Shapcott, MSc., Director of Client
Services, Rehabilitation Engineering Program,
University of Tennessee, 682 Court Street,
Memphis, TN, USA, 38163.

3) Heinrichs, Michael J., and Shaw, C. Gregory.
"Recommendations on the Establishment of a
Rehabilitation Engineering Service Delivery
Program”. Proceedings, 5th Annual Conference
on Rehabilitation Engineering, Houston, 1982.

4) Shaw, C. Gregory. "Survey '83: Rehab.
Engineering Service Delivery in North
America”. Report to RESNA Committee on
Service Delivery, San Diego, 1983.

MEMPHIS, TENNESSEE 1985 159



COMPUTER-AIDED SURGERY

R. W. Mann
Massachusetts Institute of Technology

ABSTRACT

Computer—Aided Surgery (CAS), a system for simu-
lating the effects of surgical procedures correct-
ing movement abnormalities, is described and com-—
pared with Computer-Aided Design (CAD), widely
applied in engineering. The CAS system includes
kinematic and dynamic movement measurement,
musculoskeletal models, computer tomographic-based
anatomic and physiological data, and computer
graphics displays of anatomy and movement. The
CAS system will permit simulating a surgical pro-
cedure on a computer display of the patient's
anatomy and then presenting via computer anima-
tion the consequences of the putative change. By
permitting iteration, evaluation and optimization
of procedures before surgery, CAS promises to
improve surgery performed and avoid unpromising
interventions.

INTRODUCTION

Musculoskeletal disorders are reported as a major,
if not dominant, source of morbidity nationally.
NIH surveys ranking chronic diseases place arth-
ritis and orthopaedic problems ahead of even
heart disease. The Veterans Administration
reports that, among its patient population,
musculoskeletal diseases rank second in fre-
quency of complaints, fourth in hospital admis-
sions, and fifth in surgical procedures. Among
children, much rehabilitation and surgical atten-
tion is devoted to postural and gait abnormali-
ties. Conservative estimates put the national
cost of direct care for musculoskeletal disease
at $20 billion a year.

Functional assessment of the wide range of
musculoskeletal disorders has become a foci of
the National Institute of Handicapped Research
Rehabilitation Engineering Center program and

of the Rehabilitation Engineering Society of
North America. Reliable means for quantita-
tively documenting the kinematic and dynamic
state of the movement-impaired individual offers
higher confidence in determining the effective-
ness of surgical and/or rehabilitation procedures.
This paper describes an assessment process which
goes beyond documenting the status of the patient
by providing simulations of the consequences of
different musculoskeletal procedures affording
the medical practitioner the opportunity to
experiment with different appreaches, to opti-
mize the parameters of a particular process, or,
decide that the simulated outcome does not war-
rank the hazards and liabilities of intervention.

BACKGROUND

The Newman Laboratory for Biomechanics and Human
Rehabilitation at M.I.T. has been researching
and developing over the past decade the major
capabilities essential to a computer system to
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aid surgical planning for musculoskeletal dis-
ease rehabilitation and evaluate, via simulation,
the changes in patient movement parameters result-
ing from the hypothetical surgical alteration.
These include first, an accurate, reliable, rapid,
and automatic system for quantifying the kinema-
tics and dynamics of human movement; second,
patient-specific, but mathematically expressed
and therefore computer-manipulable,descriptions
of musculoskeletal anatomy; and third, computer-
generated graphical displays of both anatomy and
movement, presented so as to be familiar to, and
interpretable by, the medical practitioner.

COMPUTER-AIDED DESIGN

Before outlining in more detail these necessary
capabilities, it is useful to discuss the compu-
ter—-aided design (CAD) routinely employed by
engineers in the design and evaluation of new
products and processes in all competitive
commercial, inﬂustrial, aerospace, and military
settings where CAD is complemented by computer-
aided manufacturing (CAM). In fact, computer-
aided surgery is the logical sequelae to computer-
aided design.

The power of CAD/CAM was evident during its ori-
gins at M.I.T. in the 1960's (1). CAD syner-
gistically links the unique human attributes of
goal identification, innovation, and cognitive
association with the unbeatable speed, memory, and
reliability of the digital computer. The engineer-
ing designer operates in his familiar and produc-
tive media--drawings; the computer redefines the
picture into its language--bits. Once in the
computer, the picture can be manipulated geometri-
cally and can be analyzed via mathematics and the
laws of physical science, with interim results
presented by the computer to the designer for his
consideration, and most probably, iterative change.
Thus CAD combines the human's cognitive capabilities
and the computer's manipulative power.

Observation of surgeons and surgical practice in
orthopaedics suggests that the engineering

designer and the orthopaedic practitioner have

much in common. They observe the circumstances of
the situation and devise an idea for a solution.
Whereas the engineer-designer now can carry out the
exploration, iteration, and optimization of that
design in consort with the computer (after which he
instructs the CAM system to program the numerically
controlled machine tools and robots to make the
part), the surgeon is constrained to a single solu-
tion, the particular surgical procedure performed
in the operating room, and then must await the
recovery of the patient to observe the consequences.

We believe a computer-aided surgery system can do

for surgery what computer—aided design has done
for engineering.
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MOBILITY ANALYSIS

We have developed, demonstrated, and technology-
transferred a unique human movement data acquisi-
tion, quantification, and display system which
meets the following requirements:

. A normal and natural milieu for the human sub-
ject, minimizing artificial aspects of the
experimental environment and the burden on the
subject.

. High precision, three-dimensional, kinematic
data, with body-segment translations and rota-
tions relative to a laboratory fixed reference
frame, at high data frame rates relative to the
frequency components of human movement, in a form
suitable for subsequent dynamic analyses.

Automaticity--no human intervention in data
acquisition and quantization to eliminate

human subjectivity and error and to reduce
drudgery.

Very rapid processing of kinematic and forceplate
data to provide kinematic and dynamic data in
real time--e.g., to provide access to results
during or immediately after movement.

Our TRACK software complements the Selspot cameras
and Kistler forceplates to process the kinematic
datawhile our NEWTON program uses the kinematic
data together with forceplate data and body-segment
inertial properties to estimate the net forces

and moments across the skeletal joints (2).

MUSCULOSKELETAL ANATOMY

Patient-specific anatomical data are essential for,
one, accurate determination of the mass properties
used in Newton's equation to calculate forces
from acceleration; second, specializing mathemati-
cally expressed musculoskeletal models to the
particular patient's anatomy; and third, provid-
ing to the surgeon via computer graphics terminals
realistic and accurate displays of relevant areas
and volumes of the patient's anatomy.

We have demonstrated the practicability of using
computer tomography data to calculate automatically
the inertial tensor, by converting CT number and
grey scale into local density (3). We are develop-
ing software algorithms to extract automatically
from CT data, and store efficiently in computer
memory the geometrical information necessary to
generate colorgraphic computer displays of patient
anatomy, i.e., the skeletal bones, joints, muscles,
ate. [(4)s

Musculoskeletal modelling has been a focus of Newman

Lab research for some time. Accurate kinematics and
dynamics make feasible the estimation of the time
course and force level in the redundant participa-—
ting muscles producing a movement pattern (5)(6);
however, the mathematically expressed models which
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capture the three-dimensional geometry and physio-
logy of the skeleton, joints, muscles, and liga-
ments of , i.e.; human lower extremity, should also be
adjusted to the parameters, i.e., bone dimensions,
muscle/tendon origins and insertions,of the parti-
cular patient. Our CT and more recently Nuclear
Magnetic Resonance (NMR) data scans include the
information necessary for such individualization
of our musculoskeletal model.

Thus we have been aggregating the competence to
document and display the patient's anatomy and
his movement together with his skeletal and mus-
cle forces during movement. With this quantita-
tively expressed data, we can mount a computer=
aided surgical design process.

AN EXAMPLE OF COMPUTER-AIDED SURGERY (CAS)

The future competence of the CAS system is sug-
gested by a hypothetical scenario: A patient
presents with a gait abnormality. In addition

to the surgeon's personal observation of the
human's movement (and all of the examinations and
tests he now conducts), the patient's movement
pattern is acquired and recorded by mobility
instrumentation (1), e.g., the three-dimensional
positions and orientations of all relevant body
segments at a high enough frequency to capture
important dynamics, quantization of the foot-
floor interaction, and synchronized myoelectric
signals from the musculature. This computer-—
stored record goes into the patient file, but is
also immediately displayed to the surgeon so that
he can correlate his personal observation of the
patient's movement patterns with computer-recon-—
structed animation and graphic display of the
acquired data.

An inverse Newtonian analysis combines the experi-
mental kinematics and forces with CT or NMR deter-—
mined body-segment mass and inertial properties
(3), and the computer predicts the forces and
moments across joint articulations which produced
the observed movement patterns (5). The computer
estimates of force and moments across joints are
subsequently partitioned into the temporal acti-
vity and force levels generated by the individual
muscles anatomically deployed across the joints

of interest (6).

Our generalized musculoskeletal computer model
would be morphologically specialized to this
particular patient using the CT or NMR data. Thus
it would be possible to present to the surgeon on
a graphics interface an anatomically correct, pro-
perly scaled picture of the parts of the anatomy
on which he might chose to practice surgery (4).

Suppose, for example, an osteotomy is suggested
to relieve the symtoms of osteoarthritis, remov—
ing a wedged-shape section of bone from the femur
to realign that bone and femoral head with the
acetabulum cup in the pelvis, therebv bringing
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into articulation more normal cartilage. With
the computer light-pen serving as scapel, the
surgeon (like the designer) could assess the
proper size and orientation of wedge, "sever"
the femur and "remove'" the bone fragment. Then,
under command from the surgeon, the computer
would reconstruct the bone (as nature would do
over a much longer period of time), and the com-
puter would play back through the musculoskeletal
model and into the animated walking figure dis-
play,via computer graphics, the changes in gait
dictated by the choice of and site of the
osteotomy.

Withall of this happening with very minimal
delay, the surgeon then observes the conse-
quence of his surgical decision, and if he
decides (as the engineer-designer frequently
does) that his first choice was not an optimal
one, he changes his procedure with the ease of

erasing the screen and starting anew with the
intact femur. After sufficient iterations of

this simulated procedure produces an acceptable
gait pattern in the animation, the surgeon is
prepared to perform the actual operation. Per-
haps an additional next step, by analogy to com-
puter—aided manufacture, would be devising more
precise means of transposing the computer's
memory of the optimum osteotomy to the surgeon's
procedure on real bone.

The premier criterion of this computer-aided sys-—
tem, as was the case two decades ago in our
research on computer-aided design, is the deter-

mination to capitalize on, and in no way diminish,

the knowledge and skills of the human operator--
in this case the surgeon.

Parts of this CAS system are already in place;
other parts are under development. The linking
up of the entire scheme and demonstration with
surgical practitioners is an ambitious under-—
taking. Given the remarkable utility and cost-
effectiveness of computer—aided engineering
design, the success of computer—aided surgery
appears foreordained.
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FACTORS AFFECTING RETURN TO WORK 11.2
IN UNEMPLOYED LOW BACK PAIN SUFFERERS

L. D. Haugh, J. W. Frymoyer, R. L. Milhous
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The University of Vermont, Burlington, Vermont 05405

ABSTRACT

As part of an ongoing prospective study, 73
currently unemployed subjects with low back
pain as a primary impairment were given a
battery of tests in order to assess which
factors would be predictive of return to work
six months later. The subjects were drawn
from either a local low back pain clinic or
from the regional pool of Social Security
Administration disability benefit claimants.
Several factors which bear a statistically
significant relationship to return to work are
presented.

INTRODUCTION

Low back pain (LBP) has been estimated to
affect 80% of the population sometime in their
adult Tives and is a major cause of disability.
Despite the great impact of LBP on national
compensation payments and lost earnings, there
is too little known about the determinants of
occupational disability due to LBP. More
precise assessment of such factors would erable
an improved prediction of return to work
capability, which would, in turn, allow better
determination of degree of fmpairment for
claimants of disability compensation. It would
also help those involved in rehabilitation of
persons with LBP to select those persons most
1ikely to benefit and to monitor their progress
toward rehabilitation.

MATERIALS AND METHODS

As part of an ongoing prospective study, 73
currently unemployed subjects with low back pain
(LBP) as their only major impairment were given
a battery of tests in order to assess which
factors would be predictive of return to work.
The battery of tests, questionnaires and
interviews were given within one day and
included the following:

General background information;

Medical history and physical examination;

Motion and stress in previous employment;

Pain severity and effect on life;

Medication usage;

Biomechanical tests of lifting, strength,
and range of motion;

Psychiatric interview;

Minnesota Multiphasic Personality
Inventory (MMPI).
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The total of 73 subjects comprises one
group of 54 subjects recruited from the patients
of a Tocal spine clinic and another group of 19
who were claimants for Social Security
Administration disability benefits (but who had
not yet received a decision on benefit status).
The clinic patients were selected for this study
if they were between the ages of 15 and 55, had
no more than one back surgery (not less than six
months previously), had worked for at least
three months prior to their unemployment, and
had been out of work no longer than 18 months.
The Social Security claimants were required to
meet only the criterion of LBP being the primary
impairment and, therefore, might be expected to
be at greater risk of not returning to work.

A1l subjects were followed up six months
after testing by telephone to determine their
unemployment status during the intervening time.
The response variable considered in this report
is employment status (yes or no) at six months
aftEr testing and is designated as "return to
work."

RESULTS

Various factors were correlated with the
subjects' return to work status, with the
following results. (The numbers in parentheses
are the subject counts for the respective
groups. All factor relations reported were
statistically significant at the .05 level.)

1. 50% of the clinic group (54) had returned
to work while only 16% of the SSA group
(19) had returned.

Only 28% of those subjects having leg pain
associated with their LBP (40) returned to
work while 58% of those with no associated
leg pain (33) had returned.

ra
.

3. Only 28% of those having definite
radiculopathy with their LBP (18) returned
to work while 58% of those without
radiculopathy (33) had returned.

4. Only 13% of those who can rarely distract
themselves from their LBP (15) returned to
work while 48% of those who could sometimes
distract themselves from their pain (58)
had returned.

5. The longer the subject had been out of work
at the time of testing, the less likely was
his return to work. For example, 53% of
those out of work less than six months (43)
returned while only 23% of those out of
work more than six months (30) returned.

6. Only 10% of the subjects who felt that it
was not very easy for them to change
occupations (20) actually returned to work
while 53% of those feeling it was either
very or somewhat easy to change occupations
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(53) did return to work.

7. Only 24% of those subjects who had not been
sleeping well lately (29) returned to work,
while 52% of those sleeping moderately or
very well lately (44) did.

8. 58% of the subjects rated by a clinician as
having high potential for return to work
(36) did return while only 8% of those
rated unlikely to return to work (13) did.
This rating was based on a one-hour
semi-structured psychiatric interview.

9. Only 33% of those subjects who have ever
been smokers (54) returned to work, while
65% of the nonsmokers (17) returned to
work.

Some additional factors of marginal statistical
significance (p < .10) are also summarized
below:

1. None of those with claudicatory leg pain
(5) had returned to work while 44% of the
others (68) had returned.

2. Those subjects returning to work rated
their pain lower the day after testing than
did those not returning to work. The pain
was measured as a distance on a Visual
Analog Scale.

s Those subjects returning to work had worked
more hours per day on average (9.3) in
their previous employment than had those
not returning to work (8.4).

4. Those subjects returning to work had worked
more years in their last job on the average
(9.2) than had those not returning to work
(5.9).

5. Those subjects returning to work had had to
push or pull less weight by themselves on
the average in their previous employment
(165 pounds) than had those not returning
to work (287 pounds).

DISCUSSION

Numerous factors were considered regarding
their potential relationship to return-to-work
status at six months after testing and only
factors having relations statistically signi-
ficant at the 10% level or lower were presented
above. The analyses presented here are of a
bivariate nature and do not consider condition-
ing effects of other variables on these rela-
tionships. Also, the analyses were performed cn
data from the entire group of tested subjects
and did not consider relationships within
separate clusters of subjects on any basis.
Multivariate analyses will be performed as part
of the ongoing prospective study.

Just as interesting as the variables which
bear some statistically significant relation to
return-to-work are the many other factors which
did not have any simple bivariate relationship.
These include standard biomechanical tests
measuring range of motion 1in flexion and
extension, strength in flexion and extension,
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and lifting ability, as well as various
psychological factors (e.g., MMPI scores) and
other aspects of previous employment.

ACKNCWLEDGMENTS

This research was supported by the Social
Security Administration of the U.S. Department
of Health and Human Services.

MEMPHIS, TENNESSEE 1985



11.3

AN INSTRUMENT TO MEASURE RANGE OF MOTION

Wolf W. von Maltzahn, Ph.D.
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ABSTRACT

An instrument to quantify range of motion has
been developed as part of a computerized test
battery for assessing human sensory and motor
functions. It consists of a mechanical arm with
four segments joined together by instrumented

hinge-type joints. The tip of the arm can be
easily moved to any point on the surface of a
standing or sitting person. The LSI 11/23
minicomputer first calculates the
xyz—-coordinates of the tip and then determines
either range of motion parameters or limb
segment lengths or anatomical contours from

sequential positioning of the tip. Test-retest
reliability for range of motion assessment about
the elbow joint in 10 young subjects was
excellent (r»>0.90) and values compared favorably
with those reported elsewhere.

INTRODUCTION

Quantitative
motion is

measurement of joint range of
important for physical therapists,
orthopedic surgeons, and rehabilitation
engineers. It is the foundation for prescribing
meaningful therapeutic exercises, for monitoring
the progress of such exercise, designing
orthoses and aids, and knowing when to modify or
terminate the treatment program. It plays an
important role in the design of a rehabilitation
strategy for handicapped individuals. It also
plays a major role toward achieving an overall
"assessment profile”, developed recently [1] to
quantitatively assess sensory and motor
functions of normal and handicapped individuals.

The most commonly used instrument to determine
joint range of motion is a universal goniometer.
A gkilled technician or therapist can use a
universal goniometer quite accurately and
reliably. Evaluations of the measurements are

commonly carried out manually. Often,
goniometers are ingtrumented to provide
electrical gignals that are proportional to the
angles measured. However, the practicality of
goniometry as a routine clinical or
rehabilitative procedure 1is limited. Factors
that apply to pocket, instrumented goniometers,
or both can include: 1) standard devices do not
exist; 2) different goniometers or special
attachments are required for each joint that 1is
tested; 3) each device must be attached to body
parts on either side of a tested joint and
thereby require considerable time for complete
evaluations; 4) soft tissue at attachment pointe
leads to glippage or variability in
measurements; and 5) results must be hand
recorded. In pilot or gpecific research studies
these disadvantages can be justified. However,
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test administration time constraints alone would
prohibit inclusion of such goniometry in the
broad computer—automated battery of sensory and
motor function tests under development [2].
Therefore, a new range of motion instrument was
developed.

METHODS

The range of motion instrument was designed to
form an integral part of a broad battery of
gsensory and motor function tests. It not only
measures joint range of motion, but also limb
segment lengths and it can trace anatomical
contours. It is easy to operate and relatively

small in size. As shown in Figure 1, the
mechanical arm of the instrument is made of four
hollow aluminum tubes of 19 mm diameter that are
connected by tight tolerance ball bearing
joints. The tolerance of the base bearing is
ad justable which eliminates virtually any
mechanical play in this important joint. The
gegments of the mechanical arm vary in length
from 15 tao 61 cm. The axis of rotation of the
base Jjoint is perpendicular to the mounting
surface (such as a table top), the remaining
three axes of rotation are parallel to the table
top. This particular orientation of joints
gignificantly simplifies mathematical
computations without compromising resolution or
the handling of the instrument.

ad justing
amplifier

Each jJoint woltage is calibrated by
offset and gain potentiometers in the

I\

30, 5¢cm
l srennire pots

Figure 1
Design of the Range of Motion Instrument
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section of the device. Output voltages of about
-9 V and +9 V (d.c.) are produced respectively
when the Jjoints are rotated from one limit to
the other. All d.c. supply voltages to the
potentiometers are stabilized to ensure long
term measurement reproducibility. A two-pole
analog lowpass filter keeps noise at a minimum.
The analog voltages are digitized and stored in
the LSI 11/23 computer.

Mathematical manipulations transform the
spherical coordinates given by the joint
potentiometers to cartesian coordinates, compute
angles and lengths and reduce the digital noise
in the system by averaging repetitive samples of
each xyz-point. The sine and cosine functions
necessary for these operations are obtained from
a 512 point lookup table to minimize execution
speed. Then all calculations are reduced to the
four basic operations of addition, subtraction,
multiplication and division and, therefore, can
be directly transferred to a microcomputer.

When clamped to the table top, the tip of the
ingtrument can be held in the hand of the
technician (like a pencil) and be moved easily
to any point on the surface of the patients
body, who ie standing or sitting a few feet away
from the table. After several xyz-coordinates of
the tip have been obtained corresponding to the
coordinates of specified anatomical locations,
agsessment parameters such as the range of
motion of a specific joint are computed.

Bench Test.

Befare the instrument was evaluated in the
intended <clinical application, it was bench
tested. The instrument is calibrated by first
positioning all joints into one extreme position
and then into the other. Calibration constants
are stored in the program and are checked
periodically. Reproducibility was tested by
keeping the tip fixed in one position and
continuously measuring the xyz—coordinates.
Reproducibility of the readings is (0.8+0.5) mm.
This is the cumulative effect of all errors due
to the 12 bit A/D conversion, the 1limited
resolution of the joint potentiometers and the
calculation errors from the lookup table.
Accuracy was tested by measuring the length of a

30 cm ruler in various orientations and
positions of the 1xlx2 m 3D space available to
the instrument. The average resolution lies
between 1 mm and 4 mm. It progressively

increases as the ruler 1is placed further away
from the base joint. This error cannot be
avoided when using spherical coordinates, since
the resolution of the base potentiometer is
limited in the present device.

Range of Motion Evaluation.

To evaluate the device in a typical application,
an experiment was carried out to measure range
of motion of the elbow joint. Nine healthy male
individuals, between the ages of twenty and
forty, volunteered. They all declared themselves
to be right-handed. They were tested twice on
each arm with several minutes between the tests
and with the start of each test from a complete
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repogitioning of the subject. Subjects were
geated during the tests with the wupper arm
parallel to the torso. The angle between
complete extension and flexion 1ig determined
from the inner product between the two vectors.
Each wvectors 1is determined by measuring two
points on the ulnar bone: one close to the elbow
and the other one close to the wrist. Two such
measurements are made. The first measurement is
taken during complete extension, the second one
during complete flexion. Subjects are instructed
to neither rotate the wupper arm nor sway the
body when the four points are obtained. Such
movements would skew the results.

RESULTS

Test-retest results are shown in Table 1. A
linear correlation exists between the two
readings with a correlation coefficient of 0.952
for the right arm and of 0.903 for the left arm.
The standard errors of the linear correlation
estimates are 1.819 and 3.471 degrees,
regpectively. These results relate very well to
the data given by Moore [3), particularly when
one considers that the operator was completely
untrained in range of motion measurements.

Table 1

Test and Retest Results from Elbow Joint
Range of Motion in Degrees

right arm left arm
test retest test retest
129,1 T3 X 134.8 136.2
1.37.0 142.4 140.0 1390
139.8 142.5 141.1 1375
140.3 ] 397 143.6 147.2
1/47...3 142.0 145.0 139.1
145.9 145.9 145.9 147.4
146.3 146.9 148.7 1522
146.4 145.5 153.4 150.5
146.4 145.5 158.8 1577
DISCUSSION

We are pleased with the results obtained and
consider them to be encouraging for future
clinical applications when the device is fully
integrated into the computer—-automated
assessment system. We expect to be able to
reduce the instrument error discovered during
tests by using infinite resolution
potentiometers. However, for range of motion
applications the current accuracy appears to be
sufficient.

A new methodology is introduced for range of
motion measurement. In conventional goniometry,
the therapist aligns the universal goniometer
with the estimated midline of the upper and
lower arm of the patient. He or she attempts to
eliminate variations in the measurements due to
goft tigsue structures as much as possible. An
experienced therapist has a variance of three
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degrees in any two measurement trials [3]. It is
difficult to duplicate the universal goniometer
technique with the present range of motion
instrument, because it is based on the
measurement of individual points instead of
projecting two 1lines on top of each other.
Therefore, differences ariging from soft tissue
movements during the rotation of a limb are not
easily eliminated. Patients also vary
congiderably in size, shape and anatomical
structure. We therefore changed the technique
for measuring range of motion slightly, to that
presented above.

While the simple range of motion application is
presented, a primary reason for selecting the
gpecific design is to facilitate measurements of
anatomical contours. Such measurements are not
possible with goniometers. Commercially
available devices could be used as a range of
motion instrument and an anatomical curve tracer
[4,5]. Their cost, however, 1is considerably
higher than ours without a significant gain in
accuracy, resolution or ease of handling. In
Table 2 an example is given of the
xyz-coordinates (in c¢m) of a human spine that
was obtained with our instrument. The instrument
was placed on top of a 74 ecm high table. The
axes of the cartesian coordinate system do not
coincide with the sagittal and frontal planes,
which is obvious when the numbers of Table 2 are
plotted. However, it is theoretically possible
to align the axes of the coordinate system in
parallel to the base by mathematical
manipulations.

TABLE 2

XYZ-coordinates of a Normal Human Spine

x y z

97.0 -9.3 59.4
94,9 -9.3 55.9
91.6 -9.2 51.1
88.6 -8.7 6.7
85.7 -9.1 42.0
84.8 -8.7 39.0
B4.6 -8.7 33.5
84.8 -8.9 30.4
B5.6 -9.3 26.9
87.1 -9.7 22.3
87.9 -10.5 18.5
89.3 ] 44 11.5
89.0 ~11.8 6.2

This data is presented here to demonstrate how
spacial coordinates of anatomical structures can
be entered into the computer. The data can then
be further manipulated to extract parameters
that have clinical significance, such as the
radius of curvature and the spacial orientation
of certain regions of the spine. As progress is
made toward full development of such techniques,
we expect the instrument to become an integral
part of the computer—automated sensory and motor
function laboratory.
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QUANTITATIVE FUNCTIONAL ASSESSMENT AND

CHARACTERIZATION OF HEAD INJURED PATIENTS

Margaret F. Wise, M.A., 0.T.R.
Director, Occupational Therapy
Dallas Rehabilitation Institute

ABSTRACT

Fifteen patients at various stages post
head injury were evaluated quantitatively
Wwith a computer-automated sensory and
motor function test battery. The purpose
of the study was to first assess and then,
if findings were encouraging, use results
to demonstrate the applicability of the
test battery to this population.
Furthermore, we desired to determine
strategies for future evaluations, and to
begin functional characterization of the
head injured population during
rehabilitation. Results, presented in
terms of functional profiles, indicate
that the test battery offers potential to
provide accurate documentation of
rehabilitation progress in this disabled
population,

INTRODUCTION

A computer-automated sensory and motor
test Dbattery has been under development
for the last five years (1). The system
currently consists of instrumented devices
integrated into a computerized data
acquisition system and a data base
management system. Quantitative
assessments of upper and lower extremity
strength, speed, coordination, range of
motion, reactions, and sensations at
various body sites, as well as hand/arm
tremor, body stability, mental status, and
activities of daily living can be quickly
administered by a trained technician.

Most tests have been evaluated for
test-retest reliability and a large normal
population has been evaluated (over 300
subjects, ages 20-80 years) to establish
reference functional levels, the utility
of which are discussed elsewhere (2). We
have planned studies with this broad
assessment system (300 different measures
of function are envisioned, of which
approximately 200 can now be obtained) to
determine applicability to various
handicapped populations and to determine
device or system modifications to enhance
use, Here, we introduce the methods used
in one such study involving a head injured
population.

BACKGROUND

Head injury often leads to functional
problems in cognitive, psychologic
(emotional), and physical (sensory and
motor) areas. Evaluation of the latter
has been in terms of general or gross
categories such as mobility, and often
only end treatment function has been
reported (3,5). Aside from dexterity
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assessment with the Purdue pegboard,
detailed physical function evaluations
from date of stabilization after injury
through the end of rehabilitation has not
been commonplace, A recent review of the
literature revealed several studies of
head injured patient function (3-9).

All of the cited studies rely on coded
rating scales, which have sensitivity and
reliability limitations (10).
Standardized rating scales have yet to
become accepted, perhaps because of these
limitations.

METHODS

Fifteen head injury patients, 12 males and
3 females, were tested on a selected
subset of tests in the computer-automated
system, Age ranged from 17-39 years with
a mean age of 26.67 years. Time from
injury onset to test date ranged from
3-27 months with a mean of 10.07 months.
With the exception of one subject, all
tests were completed in one session per
subject. The same examiner, a trained
occupational therapist, administered all
tests, The 62 measures of function
obtained are listed in Table 1 by
descriptive name and are grouped by
functional category (dominant and
nondominant side are considered .separate
measures). Details of each test and
administration procedures are given
elsewhere (1). Each test listed lasts
approximately 5 to 20 seconds. As with
all subjects evaluated, demographic
information was obtained at the start of
the session and was recorded with test
results on each subject's floppy disk.

Test results were first processed to form
a data record, a procedure that involves
processes such as averaging the best 2 of
3 trials of a particular test, Each data
record was then entered into the sensory
and motor function data base management
system, With special features in the
data base management system, each
patient's data record was compared to a
normal population of the same gender and
age decade to produce results for each
test in terms of the number of standard
deviation units from the normal
population mean. For most tests, our
normal data base in this age range is
fairly robust, with more than 50
observations for each measure, To
facilitate presentation of results in the
limited space available, the simple
average (no weighting factors) of all
measures within a function category was
computed to form a category composite
result.

MEMPHIS, TENNESSEE 1985



Quantitative...Patients

Table 1. Measures of sensory and motor function obtained from 15 head injured patients.

VISION UPPER EXTREMITY SPEED
Central visual efficiency, R and L eye Index finger tapping, D and HD
Hand-arm tapping, D and ND
MEMORY Lateral alternating reaching, D and ND
Short-term 2 cholce movement, D and KD
8 choice movement, D and ND
ACTIVITIES OF DAILY LIVING Arm sweep, D and ND
Putting on a shirt
Iilpping a zipper
Tying a bow
Buttoning large button
Buttoning small button
Manipulating safety pins
Threading a needle

UPPER EXTREMITY COORDINATION
Lateral reaching and tapping - 0 ana ND
Hand-eye random target tracking -
0 and ND (4 measures each)

LOWER EXTREMITY STRENGTH
foot dorsiflexion - D and HD
MANUAL DEXTERITY Extended leg flexion - [ and ND
Large peg manipulation, D and ND
Purdue pegboard, D and ND LOWER EXTREMITY REACTIONS
Simple visual reaction time,
UPPER EXTREMITY STRENGTH D and ND foot
Grip, D and ND
Wrist doraiflexion, D and ND
Extended arm abduction, D and ND

LOWER EXTREMITY SPEED
Foot tapping, D and ND
Lateral reaching leg swing,

UPPER EXTREMITY REACTIONS D and ND

Simple visual reaction time,
LOWER EXTREMITY COORDINATION

D and ND hand
2 choice reaction time, D and MD hand Lateral reaching and tapping -
D and ND

8 choice reaction time, D and ND hand
Arm sweep reaction time, D and ND

Note: D - dominant side,
ND = nondominant aide

RESULTS

Results are presented as function profiles
as shown in Figures 1, 2, and 3. Figure 1
represents the average and range for the
15 patient population in each of twelve
major function categories. The least
disability is indicated for vision, memory
and upper and lower extremity strength and
speed, Figure 2 shows a similar plot for
a patient 3 months post injury, showing
functional below that of the group in most
categories, while Figure 3 illustrates the
functional profile for a patient 27 months
post injury.

DISCUSSION

Results are not presented to make a major
statement about function in head injury
patients, but rather to demonstrate the
possibilities for undertaking studies that
may do so, We conclude that tests in the
computer-automated battery can be
administered to the head injured
population and that functional profiles of
the type presented can be useful to track
patient progress and document
rehabilitation trends. We can observe in
Figure 1 that physical function is
extremely variable in this population, as
expected. While individual results are
presented for two patients, one recently
injured and the other injured more than
two years prior to the test date, no
attempt was made to normalize results
based on severity of the initial injury.
Unfortunately, data for the second patient
at 3 months post injury was unavailable
for comparison. Therefore, while the
plots demonstrate the expected trend (the
patient further from injury date has better
function), there were exceptions to this
trend in our data set, We found such
exceptions to be strongly correlated with
the nature and severity of the initial
injury, as evidenced by other medical
information available.
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It should be noted that most tests were
administered to right and left body sides.
In the above results, right and left side
results were averaged, but could easily be
displayed as separate profile points.
Future studies are planned to determine
the effect of pre-injury deminance and
post injury dominance switch on head
injury rehabilitation outcome.

With a variety of head injury recovery
trends possible, as well as a choice of
rehabilitation methods, the availability
of a broad scope quantitative test
battery to evaluate these trends and
treatment modalities effectively is
presented. Questions such as, "When
should therapy (or a portion of a therapy
program) be discontinued?" could be
answered based on hard data. The system
also provides the capability of
objectively documenting changes in
function for rehabilitation reimbursement
purposes, important for treatment of other
populations in addition to the head
injured.
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ABSTRACT

We have developed a computer-automated
test battery to quantitate a broad range
of sensory and motor functions and an
associated data base management system.
This system is viewed as the front end of
an overall system to facilitate objective
and quantitative assessment of function
for a variety of applications. Methods
and software packages that have been
developed to present interpretable,
application specific functional

profiles are presented and expert system
concepts are discussed.

INTRODUCTION

While much research is carried out
routinely to improve the function of
handicapped and impaired individuals,
methods for objective and quantitative
functional assessment have not advanced
significantly in a coordinated and
directed way over the years. Ordinal
rating scales, requiring the skilled but
subjective observation and judgments of
experienced clinicians, are still
considered to be state-of-the-art
assessment instruments by many. Decisions
concerning comparative efficacies of
therapies and devices often rely on these
techniques.

We have developed a computer-automated
battery of instrumented devices to
objectively and quantitatively document
sensory and motor function (1). The
computer—automated system includes
assessments of mental alertness, vision,
hearing, steadiness, reactions, tactile
sensations, manual dexterity, speed and
coordination, posture, selected
activities of daily living, strength, and
fatigue. Multiple measures are obtained
for each of these general categories,
depending on number of sites evaluated and
the number of measures required to
characterize a particular function.

Until recently, our primary focus has been
on the development of test devices,
administration procedures, and the data
acquisition end of the process. However,
in order to evaluate a patient's sensory
and motor function on the basis of
measurements collected with the newly
developed computer-based system, there is
an associated need to establish
standardized and simplified methods of
interpretation, Here, we describe our
latest progress toward this end, as well
as anticipated next steps in the
development process,
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BACKGROUND

Over the last several years, the prototype
computer-automated test battery has been
refined and improved, new tests (range of
motion, proprioception, pronation/-
supination, speech, respiration, pain,
resistance to passive motion, and gait)
and a sensory and motor function data

base management system have been or are
being developed, the test battery is being
evaluated clinically, and studies to
demonstrate applications of the system are
being carried out, The ability to collect
more than 300 different measures
selectively is envisioned.

With the present system, data is collected
with physical units (milliseconds,
kilograms, bits per second, etec.) that are
appropriate to deseribe and quantitate a
given function. Numerous difficult
decisions that affect data management were
made along the way (2). Difficulty is
encountered when a clinician is presented
with a printout of these raw test results
and is expected to interpret them. These
difficulties arise from several factors:
(1) there may be more than 150 measures of
function on a single printout; (2) there
are many different physical units to
comprehend; (3) in order to identify
positive and negative findings, the
clinician must have some knowledge of
normal results for each different test;
(4) it is known that normal function
changes with age and is different for
males and females, and thus normal
results must be mentally adjusted by the
clinician to take into account the
subject's age and gender. These factors
make meaningful interpretation of raw test
results essentially impossible by all but
those eliniecians that are intimately
familiar with the test battery.

Therefore, in order to put the system
into wider practical use, it is necessary
to develop a software system that will
allow clinicians to assess a patient
objectively, accurately, and easily. Such
a system should relieve the clinician's
burden of memorizing a host of normal test
result values and present results in a
format that is immediately interpretable.

As an important step to facilitate this
process, a sensory and motor function data
base system has been designed. It is
emphasized that the prime purpose of this
system is to facilitate interpretation of
test results and the conduction of
systematic studies based on the data base,
as opposed to mere mass storage of data.
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The framework of the automated data base
management system, with interactive test
result inspection capabilities, has been
implemented. At present, the data base
(VAX 11/780 based) contains more than 700
records of sensory and motor function, of
which approximately one-half represents
patients with various handicaps. The
other half represents normal data that is
essential to interpret patient findings
properly., It is now possible, through a
totally computerized process, to collect
any or all of approximately 150 measures
of sensory and motor function, deposit
results in the data base, and examine a
patient's results by comparison to a
selected subset of the normal population.
Interactive utilization of the available
command set is accomplished via dial up
modem so that remote terminals at any site
(such as our laboratories and clinician
offices) can access results,

While we once recognized this as an end
goal in itself, we have begun to view this
as only the "front end" of an overall
system. The rest of the system is
conceived to consist of specialized
software packages to facilitate
interpretation of data. Different
packages, specific to applications or
types of interpreters (vocational
therapists, neurologists, occupational
therapists, physical therapists,
orthopedic surgeons), are planned. These
packages utilize a common input, namely a
patient's test session data record with
results normalized to the appropriate
gender and age. This data is then
combined, restructured, or further
processed according to procedures or rules
routinely used by various disciplines and
then displayed in a format designed for the
application. Thus, the process constitutes
the essential components of specialized
expert systems to allow interpretation of
test results in the context of the task at
hand or a given user,

COLOR GRAPHICS FUNCTION PROFILES

With the now widespread use of personal
computers and their increasing color
graphics capabilities, we decided to take
advantage of this power to extend the data
base system utility. 1In this arrangement,
a Texas Instruments Professional Computer
replaces a standard terminal at a remote
site. Connection is still via a dial-up
modem link. Software was developed to
transfer normalized data records from the
VAX 11/780 to the PC memory for further
processing.

As an example of the different
possibilities, a color graphics
presentation of function profiles was
developed. In this presentation, each body
part is represented as a commonly used
"pie" display. Several of these pies are
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arranged so as to form a close
correspondence to a human body viewed in
the standard anatomical position (Figure
1). Each pie is subdivided into a number
of segments, each of which corresponds to
a specific measure (such as pronation
strength) obtained for that body part
(Refer to Figure 2 list for the arm for
example). Some artistic license is taken
in display design to account for whole
body measures such as body sway, and
certain activities of daily living. Each
color in an 8 color spectrum is designated
to represent a defined range of function
(for example, red=-3 to -2.,5 standard
deviation units from the normal population
mean, and green=-0.5 to 0.0 standard
deviation units) The pie segments are
colored according to data record contents
in these units (functional level)., Thus,
the patient's overall function can be
quickly evaluated by inspection.

Display at this level, however, does not
allow labeling of each pie segment for
identification of measures because of
screen resolution limits., Only
experienced users would be able to
recognize these assignments., Thus,
facility is provided to allow the user to
move a screen cursor on top of any given
pie and press a key that generates a
magnified and appropriately labeled view
of the selected pie. This allows a top
down approach to examination of the
patient,

It is emphasized that decisions that lead
to display generation are based on
objective and quantitative test results
compared to an appropriate normal
population.

The above process represents only simple
structuring of results for special
displays. Often, the clinician is
interested in positive findings. We have
therefore developed a processing algorithm
that allows the interactive user to select
a threshold (in S.D. units on the normal
population scale) and have only a two
color display generated. Segments
representing a function below the
specified threshold (positive findings)
are colored red, while those
suprathreshold are colored green,

Several displays for trend analysis have
also been designed. The most basie also
uses the two color display and a specified
change threshold. The user selects two
test dates, normalized data records from
each test date are downloaded to the
personal computer, and the difference over
time is computed for each measure (each
pie segment). Measures showing
improvement greater than the specified
change threshold appear green and others
are displayed as red,
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RIGHT BODY SIDE LEFT BODY SIDE
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FUNCTION
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LOWER EXTREMITY

Figure 1.

ARM PIE SEGHENI 1D

A, STRENGIH

1. ELBOW FLEx1ON
2, [LLBOW EXTENSION
3. Pronation
4, SuptnaTiON
B, REACTIONS
5. SIMPLE HAND REACTION 11Mf
b, MuLTi-cHOICE WAND REACTION
TIME
7. ARM SWEEP REACTION TIME
Gi SPEEN
8. HaNv-ARM TAPPING
9. LATERAL MOVEMENT
10, ArM sweep
D. COORDINATION
11, LATERAL REACHING-TAPPING
12, RanpoM TARGET TRACKING
13, CRITICAL TARGET TRACKING
E. RAHGE OF MoTlon
14, ProwaTION
15, SupinaTioN
FINGERS L 16, ELBOW FLEXION

Color graphics display format for presentation

of sensory and motor function test results.,

DISCUSSION AND CONCLUSIONS

With the approach described, it is
possible to develop special application
specific software packages that are based
on the personal computer. Such packages
would have various levels of
sophistication., We are planning a package
to process test results and interpret them
to provide results in terms more
meaningful to a neurologist, with
classifications such as cerebellar
disorder, pyramidal tract lesion, ete. 1In
addition, a hierarchal processing approach
is alse planned. With this approach, more
basic functions are first examined before
a display of other results is generated.
As an extreme example, display of hand-eye
coordination test results would be
meaningless if the subject exhibited poor
vision. With appropriate studies; it is
theoretically possible to create a package
for vocational assessment, whereby the
contents of a data record representing a
comprehensive functional level test
session are matched to a list of possible
Jjob skills,

We believe that
become powerful

the methods described can
assessment tools, The
approach offers the potential to bridge
the gap between the detail of instrumented
quantitative assessment techniques and the
needs of the cliniecian., Since the entire
process from collection of individual
measures to generation of final printed
reports and displays is computer-automated,
significant progress toward standardization of
assessment should be realized,
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ABSTRACT

We present a device and methodology for
quantification of forearm supination and
pronation., During two 10 second
computer-automated tests, measures of
range of motion, isometric strength, and
velocity of supination and pronation are
obtained, The device was field tested
with a group of 17 normal subjects (9
tested twice) and 20 patients with either
spinal cord injury, strokes, head injury,
multiple sclerosis, or low back pain.
Results of these tests are presented to
document the characteristics of test
measures and to demonstrate force velocity
of the tests, Test-retest reliability in
the normal population was found to be good
(r>0.80) for strength, speed, and total
range of motion measures.

INTRODUCTION

Hand dexterity depends in part on the
ability to supinate and pronate the
forearm with speed, range, and force.
Forearm contractures, disturbances in
reciprocal agonist and antagonist
innervation (dysdiadochokinesia), pronator
syndrome, total elbow replacement
surgeries, and other conditions (PNI,
cerebral palsy, hemiplegia, quadreplegia)
require quantification of disability
severity and documentation of change with
medical intervention,

The test described was developed to be
integrated into a broad computerized
battery of objective, quantitative sensory
and motion function tests (1,2). Since
tests in this system are administered as a
battery, test administration time and
instrumentation costs were considered to
be significant design constraints., Because
true quantification was desired, coded
rating scales were not considered because

of limitations that have been attributed to

them (3). It is in this context that the
proposed methods are presented. Data used
in tabulating results represents part of a
study of greater magnitude to characterize
different patient populations by function.

BACKGROUND

Pronation-supination of the forearm occurs
between the radius and ulna, The radius
rotates in an arc around the ulna during
pronation-supination. Movement at the
distal end of the ulna during this motion
is complex, but can be considered
translational compared to the circular
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motion of the radius. There is minimal
movement of the humero-ulna during
pronation-supination.

Several investigators have studied forearm
movement using cadavers (4), and less
invasive goniometric investigations
(5,6,7). Youm et al (4) demonstrated in
cadaver specimens that passive forearm
supination and pronation range of motion
averaged 85.0 +4 and 70.0 +5 degrees,
respectively, with respect to the standard
neutral position. In 1982, Okada and Okada
(7) reported a method for quantifying
alternating forearm movement that used a
minimicrocomputer and an instrumented
Diadochometer. Two handles mounted to a
fixed base were attached to each of the
subject's hands with a bandage, and as the
subject pronated and supinated, the
angular position of each handle was
measured., Velocity, duration, range,
maximal slope, and regularity between and
within intervals (smoothness) could be
deduced from these measurements, It is
noted that range of motion angles can have
an error introduced because the hand is
attached to the measuring device and
direct observation of the radius and ulna
is not obtained. Such errors are
considered to be small, however. While
providing gquantitative results, this
device was developed to assess a specific
type of dysfunction and results are not
presented in a manner easily used by the
clinician. Strength assessment was not
included, Because commercial devices are
unavailable, most reported clinical studies
(8,9,10) have relied on more crude coded
rating scales and pocket goniometers to
determine intervention strategy outcomes.

METHODS

Device. A device was developed that
mounts to one of the assessment clinic
tables, with a handle that can be grasped
easily by the subject. The handle is
attached to an instrumented shaft with an
axis of rotation in the plane of the
table., A subject is positioned facing the
device with the elbow flexed to 90 degrees
and hand grasping the handle. For
administration of the first part of the
test, the subject is instructed to rotate
the handle from a neutral position, (with
handle grasp vertical), and rotate it
alternately to the right and left, "as far
and as fast as possible" for a 10 second
period. During this time, the computer
monitors the angular position of the
handle. After a 10 degree change in
angular position is detected, the computer
begins timing the test and continues to
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monitor angular position to compute the
maximum clockwise and counterclockwise
excursions in real time for each cycle, as
well as the time required for each
excursion. The end of the test is
signaled by a computer-generated tone, and
final results are calculated and
displayed. Software is structured to
identify and store only the locations and
time of occurrence of peaks during this
motion. This avoids the need for large
memory blocks and off-=line signal
processing. The hand used (right or left),
entered by the technician prior to the
test, determines whether clockwise or
counterclockwise rotations correspond to
pronation or supination. The measures
obtained during this 10 second dynamic
test are average velocity (separately for
pronation and supination), total range of
motion and bias angle (average midpoint of
range) from the neutral position (positive
if in pronation, negative if in
supination). Standard pronation and
supination angles can be computed since
the total is the sum of pronation and
supination and the bias is the difference,

For isometriec strength tests, a pin is
inserted into the top of the device to fix
the handle in the neutral position. This
also engages a load cell that is
calibrated to measure torque applied to
the handle. During the test, the subject
generates a clockwise or counterclockwise
maximal torque over a 3 to 5 second trial,
The peak torque is recorded by the
computer as a measure of strength for
separate pronation and supination tests.
As with other strength tests in our

data base for one patient repeatedly
evaluated to demonstrate trend

documentation,
RESULTS

Results for normal subjects are shown in
Table 1, while Table 2 summarizes results
of patient tests by group. Change in
function over time for a 40 year old
female stroke patient is shown in Table 3.

Group normal statistics indicate that
strength of males is greater than of
females, even when results are normalized
and expressed per unit body weight. Speed
measures are similar to reported values
(7)), but total range is approximately 10
degrees greater than expected. In
addition, results show pronation angles to
be greater than supination, contrary to
reported values (11). Except for the bias
angle measure, test-retest correlation
coefficients were good. Most patient
groups (spinal cord injury, head injury,
stroke, and multiple sclerosis) showed
functional deficits. The low back pain
subject (male) showed functional levels
comparable to the male normal group.

Test-retest evaluation of the single
stroke patient indicates progress during
rehabilitation, with gains in strength and
total range of motion., However, increased
speed is documented only for the
nondominant forearm,

TABLE 1. RESULTS OF MORMAL PRONATION AND SUPINATION FUNCTION HOVEMENT

A1l Normals

Measurements

battery, results are normalized by Base Line Test-Retest  Males Only  Females Only
dividing by body weight. Thus, results P Dot e
i - i i STRENGTH (3 bod tght)
have l.!l’]lts Of KE leg’ TO Obtaln UnltS Prﬂnatinn.nnv caid 51.1 18.1 0.83 60.9 19.1 LL - 15.8
consistent with other tests bod Pronation, ND 89.8  17.9  0.81 57.8  20.1 %3.9 k.0
y Supination, D 53.2 12.5 0.92 59.7 13.2 48.6 10.0
weight), the moment arm (2.85 cm) between Supination, WD 51.3 15.2  0.87 52.9  19.6 83.1  19.8
the rotation axis and load cell is used to SPEED (degrees per second)
convert torque to force. We realize that St meL B G Bome W
. 1 Supination, D 936.0 334.5 0.85 1112.7 389.2 T97.1 207.1
this makes results dependent on device Setattiant N ey ann s aS1.0 31700 oEN 2 sen.s
geometry, bgt the procedure facll}tates Rt e
interpretation of results and device Toeal,. b, nie o e E?: 3.5 1?3 .
" " otal, a ! . o 0. 165. 2
geometry is known and fixed. Blas, D 0.0 23.0 0.7 53,9 2.0 =2F 214
Blas, ND -56': 26.9 0.69 +10,3 28,3 41;‘2 :,’!‘.:
Pronation, D 5 . 20.8 - 93.5 19.8 B .
Evaluation. Normal adult males (N = 8) Eronlors RE Bl oz Bx i Nl E
and females (N = 9) were tested once. Nine Supination, WD ™ 22,8 - 69.0 20,3 80.7  24.9
subjects were retested no less than one
and ho HoFe t,han RS Nigalis, Taten In Note: D - Pominant forearm, WD - Mondominant forearm
addition, several patient groups were | =
i i . FPRONATION AND SUPINATIOI
evaluated when the device was introduced TARLEZ ::iglf:gun;s:;::::;n BY GROUP MEANS
into our computer-automated battery of
i i ins T RERSUREWENTS  SPINAL COAD  STROKE ~ WEAG  WULTIPLE  LOW BACK
tests. They included spinal cord injury HEABURENENTS S i ik

(N = 7), stroke (N = 8), head injury

(N = 6), low back pain (N = 1), and
multiple sclerosis (N = 1). While it is
intended to evaluate these subjects
periodically during their rehabilitation
therapies, present results represent a
snapshot in time of this long-term
process, Therefore, statistics presented

STRENGTH (% body weight)
Pronation, D 34, 0.9
Pronation, WD 19. 37.0 31.8 50.
Suptnation, D 34 7
0

Supination, ND 9.

a1,
29.

RERY PRy
n
3
oo
SE=mm

SPEED (degrees per second)
Pronation, D 28k,
Pronation, ND 215,
Supination, D 312,
Supination, WD 280.

163.
395.
780.
593.

Do
=
n
w

o>

o oW

g

a

=

a

w=oo

RANGE OF MOTION (degrees)
139.

; - s

for patient groups represent baseline Tar: b T, e e N 1570
Bias, D +25.3 +27.2 20.0 - 5.

data, However, data was extracted from our i i e e z .30
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TABLE 3. CHANGE IN FUNCTION FOR
B0 YEAR OLD FEMALE STROKE PATIENT

WEASUREMENTS CHAWGE
Absolute S.D. Units on
Percent normal female

population scale®

STRENGTH
Pronation, D + 6.
Pronation, ND + 3.
Supination, D + 38

0.

0.08

o
Supination, ND + 16. [}

+
.
s
+

—~nom

SPEED
Pronation, D = 12,
Pronation, HD + 22,
Suplnation, D 0
Supination, HD +100.

comw
1
ooeoo
o
®

RANGE OF MOTION
Total, D + 18,
Total, ND + 1
Blas, D + 5
Blas, ND - &

wmoo
[
cooo

®(Test 2 - Test 1)/(Standard deviation of normal lemale
population from Table 1)

DISCUSSION

Results indicate expected trends (dominant
side better than nondominant side,
patients showing dysfunction), which lend
face validity to the proposed device and
also demonstrate its utility in assessing
a broad range of disabled population.
Test-retest reliability in the limited
number of normal subjects, indicates that
repeatable measurements sensitive to small
but significant differences, can be
obtained. We intend to repeat these
calculations as sample sizes increase,

The larger than expected total range,
pronation angles greater than supination,
and poor test-retest correlations for bias
angle indicated a problem., Upon further
investigation, it was found tht subjects
were not routinely instructed to grasp the
handle firmly throughout the test., The
handle inertia during rapid movement would
allow extra pronation range (toward
loosely flexed fingers). We have since
added a strap to guarantee tight coupling
and modified instructions to the test
subject with noticeable improvement in
results., With these corrective actions,
we conclude that the method can provide
quick and accurate assessment of pronation
and supination funection,.
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DYNAMIC POSITIONAL AND ELECTROMYOGRAPHIC MONITORING OF SITTING POSTURE
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ABSTRACT

This study was designed to examine the
activity of selected muscles (back extensors,
hamstrings) as well as trunk deviations from
midline of both normal children and children
with cerebral palsy (5-8 years of age) in re-
sponse to changes of the seat inclination. Data
revealed that muscle activity profiles of C.P.
children were clearly unlike those of normally
developed children. Inclining the seat forward
facilitated spinal elongation and a more upright
posture,

INTRODUCTION

Postural abnormalities of joints and the
contractures of the surrounding muscles are re-
cognized as important complications in cerebral
palsy. The spinal column is often heavily impli-
cated in such postural deformities. Malalign-
ment of the spine can produce dysfunctions vary-
ing from acute and chronic back disorders due to
disc or spinal nerve involvement, to severe
impairment of ambulation/ mobility, sitting pos-
ture or respiratory functions in persons with
the most severe spinal deformities. In addi-
tion, an upright head posture and consequent
proper visual distances and perceptions are
reliant upon a proper spinal alignment.

Conservative treatment of actual or poten-
tial spinal deformities must commence as soon as
the child is diagnosed as potentially at risk.
Adaptive seating for moderately to severely
involved children is thought to be wuseful in
controlling spinal curvatures that are flexible
(Trefler, Tooms and Hobson, 1978). However,
there are at present no conclusive studies that
prove this to be true. At present, there is a
hiatus of objective data in the literature
related to the efficacy of conservative inter-
vention, that is, physical therapy and seating
equipment in the treatment of spinal curvature
in the mild to moderately involved child with
cerebral palsy. One reason for this paucity of
information is the lack of objective assessment
tools. The research described in this proposal
represents an attempt to expand upon the small
existing body of knowledge related to dynam-
ically monitoring spinal posture in cerebral

palsy.
BACKGROUND

The pathogenesis of scoliosis in cerebral
palsy is complex and muscle imbalance and the
presence of primitive reflexes are suspected of
playing a role. It also appears that gravity
affects the severity of the scoliotic curve with
the curve increasing when individuals are placed
in the sitting position (Madigan & Wallace,
1981).
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Although no exact incidence figures were
found for kyphosis, it too is recognized as a
deforming spinal posture, usually of a less
debilitating nature than scoliosis. Thoracic
kyphosis can develop 1in ambulatory patients who
have excessive Tumbar Tlordosis consequent on hip
flexor (iliopsoas) or quadriceps contractures.
The lordosis is a compensatory mechanism to off-
set the anteriorly tilted pelvic and consequent
forward shifting of the centre of gravity. The
resultant thoracic curvature 1is an attempt to
offset the lordosis and once more move the center
of gravity into a more functional position. In
addition, protracted shoulders and a concomitance
of high thoracic kyphosis are frequently observed
in spastic patients, particularly in those who
use crutches.

Biomechanical and physiological studies show
that the trunk in sitting is maintained upright
in a condition approaching an unstable equili-
brium by the continued interplay of various
muscles correcting any sway away from the posi-
tion of balance, in other words, by the expendi-
ture of energy, through low grade trunk muscle
activity (Floyd & Roberts, 1969). It is unlikely
that such a situation exists in the sitting
position in children with cerebral palsy where
automatism of muscle action as well as spatial
orientation are disturbed by neurological impair-
ment. Imbalance in muscle tonus creates multiple
variables such as extensor thrust, adductor
contracture, hamstring tightness, anterior or
posterior pelvic tilt which should be observed by
long-term dynamic monitoring. There is a strong
correlation that exists between the degree and
rapidity of development of a spinal deformity and
the imbalance of activity of agonists and anta-
gonists around the hip joint (Rang, Douglas,
Bennet & Koreska, 1981). \Unilateral hip disloc-
ation in the non-ambulatory patient can lead to
pelvic obliquity which in turn, can cause seating
problems, pressure sores on the weight-bearing
ischium, and secondary scoliosis.

Seating and positioning devices are an
essential component of the management of children
who spend a great deal of the day in a sitting
position, and the major concerns of therapists
are to decrease the influence of abnormal re-
flexes by proper positioning, facilitating of co-
ordinated interactions of muscles and the promo-
tion of stability, particularly in the trunk and
pelvis., Questions are constantly asked in rela-
tion to efficacy of adaptive seating in providing
trunk fixation and in the control of reduction of
spinal deformities.

There has been controversy in the literature
over whether seats should be inclined forward or
backwards, Bendix & Biering-Sorensen (1983), in
their literature review found that some investi-
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gators recommended a 5° posterior tilt of seat
angle for normal subjects. Nwaobi, Brubaker,
Cusick & Sussman (1983), showed that a posterior
seat angle does not decrease extensor tone in
cerebral palsy. In addition, posterior tipping
away from the work surface is also not feasible
for these children. Another body of opinion
focused on the possible advantages of anterior
tipping of the pelvis and the consequent main-
tainance of a lumbar lordosis, decrease in ham-
string tension and proper positioning for desk
work. (Bendix et. al., 1983)

A basic ergonomic principle is that static
muscular work should be reduced to a minimum.
This principle is true for both standing and
sitting, but because of the effects of gravity
some static work is required to maintain a de-
sired body position (Andersson & Ortengren,
1975). It is with this principle in mind that
this project addresses the seating needs of the
mild to moderately involved child with spastic
cerebral palsy who sits in school 1in an unsup-
ported sitting position. These children are at
risk for spinal curvatures. The study has been
designed to address the following issues: 1)
the effect of an anteriorly tipped seat on
spinal posture; and 2) the effect of a 10° or a
15° anterior seat tilt. It is also anticipated
that the EMG data related to the back muscles
will eventually be wvaluable in treatment
planning and evaluation.

METHODOLOGY

To assess the structural effects of alter-
ing seat base angles on the body, a tracking
system was developed which monitors a point on
the body - in this case, the top of the head -
in three dimensional space. This device is a
refinement of a single-dimension tracking system
presented earlier (Bablich, Tetleborn, Sochan-
iwskyj & Koheil, 1984). This new mechanism
incorporates two lightweight 38 cm rods, con-
nected in series by three potentiometers. Plac-
ing a voltage across the potentiometers and
measuring the change in voltage as tracking
point was moved, the change in angles of the
linkages relative to known, fixed coordinates
could be determined. (Sochaniwskyj, Bablich &
Koheil, 1985).

Eight channels of information were sampled
by a Tektronix 4052 desktop computer. These
channels were: five channels of EMG, and the
three potentiometer voltages for the coordinate
calculations. Data collection of each of the
processed and integrated EMG signals is at 50Hz,
and of each of the potentiometer voltages, at
5Hz to ensure an accurate representation of the
signals of concern.

Bilateral paraspinal electromyographic
potentials were recorded simultaneously at the
mid-thoracic and lumbar levels, and from the
hamstrings to provide information concerning
action, fatigue and relative strength while the
seat base was at various angles.
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EMG signals were monitored and preprocessed
by an Autogen 1700 Myograph. The 100-200 Hz
bandpass of the EMG was selected for all the
muscles, with the raw signals being full-wave
rectified, and then integrated over 50 ms before
sampling.

SUBJECTS

Ten children, 5 normal (control group) and 5
with spastic diplegia (independent sitters) aged
5-8 years of age are participating in the study.
The Ss were well motivated and do not exhibit
intellectual retardation.

DESIGN

The study consisted of 4 sessions each being
divided into two ten-minute phases. A 20 minute
period of monitoring begins to approach the func-
tional sitting time for these children during
classroom activity. Figure 1 graphically depicts
the design of this study and seat angles are
varied as indicated.

PHASE
SESSION 1 11
1 - o { k 10° 4
2 10° - O -
3 —_ o
150 QO QO
» coach

FIGURE 1: Representation of the research design
indicating seat base inclinations dur-
ing both phases of monitoring for each
of the four sessions. During the
final five minutes of the fourth ses-
sion, the subject will be instructed
to "sit up as straight as possible"
(coaching).

RESULTS

Figure 2 presents an example of a 20-minute
assessment session with an 8-year-old non-neuro-
logically impaired child recorded while the seat
inclination was 0° during the first phase, and
15° during the second. Generally, tipping the
seat forward resulted in a more upright posture
combined with lower mid-thoracic spinal muscle
activity, although Tumbar EMG levels were
increased. Essencial findings from the 10 sub-
jects are as follows:

I EMG data agrees with findings in the
literature relating to EMG studies in scoliosis
i.e. maximal output is on the convex side of
curve and lesser output on the concave side of
the curve.

2. Alterations in EMG levels of spinal
musculature, in response to an altered seat angle
are observable.

3. Deviations from midline sitting posture
can be determined.

4, Although the number of subjects is
small, it appears that an anteriorly tipped seat
facilitates spinal elongation and maintenance of
midline position in the cerebral palsy child with
a dynamic spinal curvature.
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FIGURE 2: An example of a 20-minute assessment session of a normal subject consisting of two 10-minute
phases. During phase I, the subject sat on a 0° seat inclination, and during phase II, on a
seat with a 15° forward inclination. The five muscles are: (A) left mid-thoracic, (B) left
lumbar, (C) right mid-thoracic, (D) right lumbar, and (E) hamstrings. 'Midline' refers to
the subject's deviation from a midline reference point, and 'Ht' refers to the subject's
vertical height measured between the seat base and top of the head.

DISCUSSION

The combined procedure of EMG monitoring of Floyd, W.F., & Roberts, D.F. Anatomical and
spinal musculature and 3 dimensional point physiological principles in chair and table

tracking gives a comprehensive picture of spinal design. Ergonomics, 12:356, 1-16, 1969.

posture and midline deviation of the trunk dur-
ing sitting. The effects of seat angle inclin-
ation on sitting posture can now be monitored
over clinically relevant periods of time. This
work will ultimately be important in: providing
objective data in relation to sitting posture;
determining an ultimate seat inclination to
effect optimal spinal posture; assessing treat-
ment interventions, and alterations in seating
equipment. This menitoring procedure would be

applicable to both paediatric and adult

populations.

REFERENCES

Kndersson, B.Y.G., Ortengren, R., Nachemson,
A.L., Elfstrom, G., & Broman, H. The sitting

posture, an electromyographic and discometric
study. Orthop. Clin. North Am., 6.1, 105-20,
1975,

Bablich, K., Tettenborn, M., Sochaniwskyj, A. &
Koheil, R. Dynamic monitoring and feedback of
kyphotic sitting posture for children with
cerebral palsy. Proceedings of the 2nd Inter-
national Conference on Rehabilitation Engine-
ering, Ottawa, June, 1984.

Bendix, T.,& Biering-Sorensen, F. Posture of the
trunk when sitting on forward inclining seats.
Scan.J. Rehabil. Med. 15:197-203, 1983.

RESNA 8th ANNUAL CONFERENCE

Madigan, R., & Wallace, S. Scoliosis in the in-
stitutionalized cerebral ©palsy population.
Spine, Vol.6, No. 6, Nov/Dec. 1981.

Nwaobi, 0.M., Brubaker, C.E., Cusick, B., and
Sussman, M,D. Electromyographic investigation
of extensor activity in cerebral- palsied
children in different seating positions.
Develop. Med. Child Neurol., 25, 175-183,
1983.

Rang, M., Douglas, G., Bennet, G.C. & Koreska, J.
Seating for children with cerebral palsy. J.
Paediatr., Orthop., 1:279-287, Raven Press, New
York 1981,

Sochaniwskyj, A., Bablich, K., & Koheil, R.
Three dimensional point tracking system - an
objective clinical assessment device.
Submitted to the 8th Annual Conference of the
Rehabilitation Engineering Society of North
America, Memphis, TN, 1985,

Trefler, E., Tooms, R.E., & Hobson, D.A. Seating
for cerebral - palsied children. Inter-clinic
Inf, Bulletin, 17(1), a-8, 1978.

Kazek Bablich, M.Sc., P.T.
Rehabilitation Engineering and Research Depts.,
Hugh MacMillan Medical Centre,

350 Rumsey Road, Toronto, Ontario, M4G 1R8

MEMPHIS, TENNESSEE 1985 179



180

11.8

RESPIRATORY INDUCTANCE PLETHYSMOGRAPHY IN CHILDREN WITH CEREBRAL PALSY

Koheil, R., Sochaniwskyj, A., Bablich, K., Kenny, D., and Milner, M.
Hugh MacMillan Medical Centre
(operated by the Ontario Cripped Children's Centre)
Toronto, Ontario

ABSTRACT

Respiratory inductance plethysmography is being
utilized to monitor the respiratory patterns in
children with cerebral palsy. This non-invasive
technique does not require maximal respiratory
effort and is therefore a viable technique with
the cerebral palsy population where traditional
spirometric techniques are not useful,

INTRODUCTION

Cerebral palsy is defined as early acquired and
non-progressive brain damage in which the spec-
ific sign is dysfunctionate motor control. One
of the systems affected but not having received
much attention 1is the respiratory system.
Although the 1lungs are passive organs, the
respiratory system depends upon good motor
control for optimal performance. Also the res-
piratory system 1is intimately coordinated with
swallowing as the pharynx serves an obligatory
respiratory and alimentary role (swallowing).
In cerebral palsy children who exhibit trunkal
spasticity or generalized athetosis, the respir-
atory pattern is often uncoordinated. That is,
thoracic and abdominal/diaphragmatic patterns
are asynchronous and cause breathing to be
arrhythmic and shallow(4). This often predis-
poses these children to either chronic or recur-
ring chest infections. These same children
often have difficulty swallowing (giving up the
airway) and clearing secretions since they also
have a reduced tussive effort (2).

A hiatus exists in the 1literature related to
respiratory functions in cerebral palsy. This
is a difficult population with which to conduct
traditional pulmonary tests since many children
are unable to hold their breath or blow maximal-
1y into a mouth-piece(l). Respiratory induc-
tance plethysmography (RIP) is an indirect and
noninvasive pulmonary monitoring technique which
does not require pronounced respiratory effort.
It is a viable method of monitoring breathing
patterns in cerebral palsy children and facil-
itates prolonged respiratory monitoring. The
RIP monitors changes in thoracic and abdominal
cross-sectional area, and, subsequent to calibr-

ation, provides information concerning tidal
volume based on these compartmental move-
ments(3). Abdominal (ABD) excursions predom-

inate in the supine position and rib cage (RC)
movements predominate in standing. Since RIP
does not utilize a mouth-piece or face-mask,
eating may be introduced into the monitoring
process so that the coordination of respiration
and swallowing may be assessed.

The goals of this research study were to develop
and refine monitoring and calibration techniques
for respiratory inductance plethysmography with
cerebral palsy children; to monitor and create a
data base of respiratory patterns; and to evalu-
ate respiratory data in relation to airway con-
trol during swallowing.

SUBJECTS

Three groups of children aged 5-12 years, partic-
ipated in this study. Group I consisted of 3
non-neurologically impaired children, Group 1I1I
consisted of 3 children with spastic cerebral
palsy; and Group III consisted of 3 children with
athetosis. Children with marked intellectual
retardation or with an upper or lower respiratory
tract infection or chronic chest ailment were
excluded.

INSTRUMENTATION
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The respiratory inductance plethysmograph (RESPI-
TRACEA) consists of two transducers, parallel
coils of Teflon insulated wire sewn in a zig-zag
fashion onto two separate elasticized bands
approximately 10 cm in height encircling the rib
cage and abdomen(3). Respiratory movements
elicit changes in the cross-sectional area of the
rib cage and abdominal compartments and thus
alter the self-inductances of each of the coils.
This change in inductance is measured by placing
each coil in an oscillator circuit, and thus
changes in the volumes of the enclosed parts due
to respiration are indicated by changes in the
frequencies of the oscillators.

Three channels of respiratory information (RC,
ABD and RC + ABD (Tidal Volume)) and three chan-
nels of electromyographs (EMG) (masseter, infra-
hyoid and diaphragm) were recorded simultane-
ously. EMG signals were monitored and preproces-
sed by an Autogen 1700 Myograph. The 100 to 200
Hz bandpass was selected for the infra-hyoid and
masseter channels, with the signals being full-
wave rectified and integrated over 50 ms. This
facilitated peak parameter determination, such as
timing (onset and fall-off) between different
muscle peaks, peak widths (seconds), amplitudes
and general trends. These parameters were
correlated to respiratory patterns on a time
sequence analysis. Diaphragmatic EMG was
monitored by a set of bipolar electrodes located
just inferior to the anterior aspect of the lower
costal margin at approximately the level of the
lowest point of the 9th rib. The EMG was fil-
tered to pass signals from 100 Hz to 1000 Hz.
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The signal analysis for masseter and the infra-
hyoids group of muscles was done using a
Tektronix 4052 desktop computer. The Respitrace
was calibrated by having the subject take eight
breaths through a pneumotachograph via a face-
mask, first in a supine position and then in the
subject's normal sitting (working) position.
The rib cage coil was located over the sternum
and under the axillae. The abdominal coil was
placed midway between the lower margin of the
ribs and the top of the hips, with the top of
the coil just below the umbilicus.

METHOD

Three sessions each of approximately one hour's
duration, including set-up time, were required.
Prior to monitoring, a clinical assessment was
conducted related to rate of respiration and any
specific chest deformities. Each session
followed this format: 1) quiet breathing until $
is seen to be comfortable and at ease - not to
exceed 5 minutes; 2) 3 minutes of monitored
quiet breathing; 3) S asked to take as big a
breath as possible and then relax; 4) repeat
step (3) above; 5) One distinct sip of 5 ml, of
water from a cup, followed by a swallow; 6)
Repeat step (5) above; 7) Continuous drinking of
75 ml. of water; 8) Eating bite-sized piece (1
cn x 2 cm) of arrowroot cookie; 9) Repeat step
(8) above; 10) Repeat step (7) above; and 11) 3
minutes of monitoring quiet breathing.

RESULTS

For the subjects of this study, a change in body
position had very little effect on altering the
abdominal (or diaphragmatic) component of tidal
volume, while the major alteration although
small in volume, occurred in the ribcage com-
partment, Normal subjects although exhibiting
breathing patterns «closer to the patterns
described in the Titerature still presented data
which did not vary significantly in different
body positions. That is, no major shift from RC
movements to ABD movements occured as the body
position changed from standing to supine. This
relative absence of shift in the respiratory
pattern was contrary to results reported in the
literature.

In the reqular calibration routine, this effect-
ively resulted in the derivation of the equation
of a horizontal line in an RC/VOL versus ABD/VOL
coordinate system, from which calibration values
could not be derived. This difficulty in cali-
brating the Respitrace was solved by giving
equal weighting to the RC and ABD signals for
the recordings, while the spirometer or pneumo-
tachographic signals were recorded simultan-
eously during time periods of 10-30 seconds for
each session. Thus, relative changes although
not in litres, could be observed in the coordin-
ation and change in contribution of each of the
two compartments. Subsequently, by correlating
the tidal volume (RC + ABD) signal from the
Respitrace to the pneumotachographic signals, a
scaling factor was calculated for the tidal
volume (TV) signal, and hence, quantitative
measurements of tidal volume could be made. The
scaled Respitrace tidal volume signal remained
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accurate for the duration of each session. The
resting breathing rate for the normal children
averaged approximately 24 breaths per minute with
a tidal volume of approximately 200 cc, In
contrast, the resting breathing rate for the
cerebral palsy children averaged 42 breaths
minute with a tidal volume of 90 cc.

A AT

RC

ABD

TV

bl

Figure 1: Baseline Respitrace tracings from a
child with spastic cerebral palsy demonstrating
the type of variation which can be observed dur-
ing two periods of quiet breathing: (A) good
rhythmic and phasic correlation; (B) poor phasing
and correlation between Ribcage (RC) and Abdomen
(ABD). (TV = Tidal Volume)

While performing the continuous task of drinking,
the normal children were able to interspace an
occasional breath as required., Cerebral palsy
children were unable to do so and continued to
swallow without breathing for as long as the
stimulus to drink (the cup against the lower 1ip)
was present. Figure 1 presents a sample of
recordings from a child with cerebral palsy
during quiet breathing and demonstrates the type
of variation that one subject can exhibit.

In addition, this work confirmed that children
with moderate to severe cerebral palsy are unable
to hold their breath or to generate sufficient
force to breath into a bell-type spirometer and
1ift the bell.

CONCLUSION

It appears that inductance plethysmography is a
viable technique for monitoring respiratory
patterns with cerebral palsy children. The
objective monitoring of respiratory patterns will
facilitate the evaluation of therapeutic inter-
ventions utilized to increase depth of breathing
and correct asynchronous patterns. The effects
of adaptive seating and chest restraints on
respiratory function may now be assessed. In
addition, objective, non-invasive information
related to the coordination of respiration,
deglutition and swallowing is now possible and
may impact on feeding techniques. A large
subject population needs to be studied but
ultimately this work should be applicable to
populations such as quadriplegic spinal cord
injuries and acquired head injuries who also
experience respiratory dysfunction.
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A. RESPITRACE®, Ambulatory Monitoring Inc.,
731 Saw Mill River Road, Ardsley, N.Y., 10502,
U.SsAs
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ISOMETRIC MUSCLE STRENGTH AND ENDURANCE MEASUREMENTS 11.9
USING AN APPLE COMPUTER

Robert Patterson, Keith Leavell, Yi Gang Chen
Tanya Baxter, Louis Amundsen
University of Minnesota

ABSTRACT

An Apple computer was used to develop a system
to quantitatively measure isometric muscle
strength and endurance. The system is inter-
faced with a joint stabilizing chair or table
that can use up to 8 load cells to measure the
strength of 24 muscle groups. The delay time,
rise time, and decay of the force response are
calculated. The EMG is measured and parameters
related to the timing of the EMG with respect

to the force response are calculated. The system
provides a cost effective solution for quantita-
tive muscle strength measurements,

INTRODUCTION

In current medical practice the strength of a
patient is determined by subjective measurements
made by the examiner. The ratings are usually

on a scale of 0 to 5. A grade of 5 is normal,

A grade of 0 is no function and 1 is a trace,
therefore, only numbers 2 to 5 are used to report
changes in measurable strength., This does not
allow for an accurate evaluation to be made or
for quantitative determinations of changes that
occur due to therapy or drugs. The purpose of
our research is to develop a low cost, computer
based, isometric strength and endurance testing
system that applies to 24 muscle groups. By
computerizing the measurements, both the temporal
and amplitude factors can be categorized which
allows for the possibility of determining muscle
fiber type and fatigue characteristics. It also
allows for a determination of the relationship
between electrical and mechanical events,

SYSTEM CONFIGURATION

The system was designed around an Apple IIe com-
puter. This computer was chosen because of its
low cost and ability to accept an analog to digi-
tal converter (A/D). The system was designed
using an Interactive Structures model AI-13 16
channel, 12 bit A/D converter. The sampling

rate is controlled by a California Computer Sys-
tems model 7440 programmable timer. The sampling
rate for each parameter is 1000 samples/second
but only the average of each 10 samples is saved.
An interface module was designed that prowvides

8 instrumentation amplifiers for the load cells
and 2 EMG amplifiers, one of which has a full
wave rectifier and averager (6 ms time constant).
There is also a heart rate channel that accepts
either ECG electrodes or an ear pulse sensor,
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The system is designed to measure 24 different
muscle groups. This requires a special chair

and table with multiple lcoad cells that will
stabilize the subject in order that cnly the
desired muscle group will be measured. When

the desired muscle group is chosen on the menu
the proper load cell assocciated with the measure-
ment is activated. The stabilization chair

and table will not be discussed further in this
paper.

PARAMETERS MEASURED

The measurements are made for either maximal
strength or endurance, For either measurement
the patient's action is directed by a tone from
the computer, Some of the measurements relate
to the subject's response to the tone.

START ~
SIGNAL

EMG

|
MMHMWI»“,'J ey

EMG
COMPARATOR |

PEAK FORCE

FORCE

~H DELAY TIME|
18X PEAK FORCE

Fig. 1. The parameters measured during a
maximal strength test,

Maximal Strength

Figure { shows the parameters measured from

the force curve for the maximum force test.

The following list defines the parameters.

1. The delay time (T.) is the time from the
starting tone to ghe point where the force
curve rises to 10% of the peak force wvalue.
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2. 'The rise time (T_) is the time the force
rises from 10% of the peak force to 90%
of the peak force value.

3. Electromechanical delay (EMD) is the time
from the start of the EMG to the point where
the force rises to 10% of the peak force
value.

4. The peak force (F_) is the maximum force
occurring during Phe measurement period.

5. The end force (F ) is the average force
occurring during the last 1 second of the
measurement period.

6. The average force (F_) is the average force
over the entire measurement period.

7. The linear slope of the force decay is
measured from 800 ms after Td to the end
of the contraction.

Endurance
The endurance program makes measurements at
a submaximal force level for continuous con-
tractions or periodic work-rest cycles. The
patient is shown a line on the screen which
represents a percentage of his/her maximum
strength. The patient is instructed to pro-
duce a contraction which moves a dot up to the
line each time a tone is heard. The stopping
conditions can be either a fall in the force
to a given level or a chosen time duration,
The force parameters measured are the following:
1. The average force over the entire run,
2. The duration of the run.
3. The slope of the decay of the average force
as a function of time.
4. Data on individual contractions.
a. Peak force (F_ ).
b. Average forcepgurinq the tone signal
(Fa ) =
c. Maximum force (F. ) averaged over the
length of time ogmthe signal tone as
a function of a delay of from 40 to
400 ms. This attempts to account for
the delay in the starting and stopping
of the contraction.

d. The delay time, T_ , at which F occurs
g dm dm
in pazt a.

e. The electromechanical delay (EMD).

5. The EMG is sampled up to 10 times with .5
second periods during the measurement period
and stored for later analysis.

SOFTWARE DESIGN

The software was designed to be user friendly
and menu driven. It provides for entering pa-
tient descriptive data that is automatically
attached to the quantitative data. The system
requires 2 disk drives., One is used for the
programs and the other for data. When the sys-
tem disk is booted all the parameters and pro-
grams that are used are read into the extended
64K memory which looks to the operating system
as another disk drive. This allows for very
fast exchange of programs and storage of data.
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After the system has been loaded, the display
shows the patient records that are saved by
name, date, time, and the amount of space re-
maining on the disk in terms of the number of
additional tests that could be saved. At this
point the user can either print out existing
data and/or delete records, The user is then
asked for patient descriptive data such as name,
age, weight, etc, The user next chooses disease
descriptors from a major category selection

of 21 types and then further describes the
disease from a subcategory list that has a total
of 158 entries, The selection of the muscle

to be tested is done next, which also automatic-
ally selects the correct load cell for the
measurement,

The next series of menus relate to the parameters

of the test. For the maximum strength test

the following parameters can be selected:

1. Maximum force range.

2. Duration of the test (2.5, 5, or 10 seconds),

3. Measurement of electromechanical delay.

4. The use of a preload on the muscle. If
chosen, the computer will measure the
changes from the preload value and record
the value of the preload.

For the endurance test the following parameters
can be selected:
1. Desired working strength level expressed
as a percentage of the maximum strength.
2. Stopping conditions (time or force level).
3. Measurement of electromechanical delay.
4., Measurement of EMG data for frequency
analysis.

After the user selects the desired option a
graph is shown that displays time and amplitude
axes. Upon pressing return a tone is sounded
that directs the patient teo contract the de-
sired muscle,

DISCUSSION

The described system will allow clinicians to
obtain quantitative profiles of the muscle
strength of 24 groups in the body. Most equip-
ment available focuses on the knee or only a

few other muscle groups. Besides providing

a very understandable parameter like maximum
muscle strength, the system also provides a
number of measurements related to the temporal
response and also to the EMG., The clinical
usefulness of the other parameters remain to

be determined but offer potential to better
quantify a patient's motor ability and give
diagnostic information. From the initial design
every effort was made to use low cost components
in order to make the final product as economical
as possible,
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Department of Physical Medicine
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Minneapolis, Minnesota 55455

USA
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Rehabilitation Engineering Group, Biomedical Engineering Dept.,
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ABSTRACT

Rehabilitation of Dysphagia patients, in current
rehabilitation practice, depends upon qualitative
assessment of patient tissues often leading to
trial and error. We have developed instrumenta-
tion to quantify the strength of the concerned
tissues in terms of several biomechanical para-
meters which would significantly aid the rehabili-
tation process.

INTRODUCTION

Dysphagia is a disorder of the swallowing mechan-
ism resulting from neurological impairment and
presents a major problem in the comprehensive
rehabilitation of the stroke patients and others
with neurological disorders. Dysfunction of the
swallowing process occurs as a result of lesions
in certain cranial nerves, their nuclei, and fiber
tracts or in the cortex. Due to the lack of
quantitative measurement procedures, clinicians
in the current practice base their judgment on
the "feeling" of strength, of the concerned
tissues, very often leading to "trial and error,"
and tedious course of recovery and rehabilitation.
Quantitative measurement procedures are necessary
for clinicians to better understand the recovery
process and to prescribe therapy to achieve maxi-
mum rehabilitation and recovery rate. We have
identified and developed technique and instrumen-
tation to noninvasively quantify several biomechan-
ical parameters that characterize the dysphagia
patient.

METHODOLOGY

of swallowing occurs in three phases:
(1) an oral or buccal-pharyngeal phase involving
the muscles of the lips, the cheek, the tongue
and the oropharynx, (2) a pharyngeal phase
involving the pharynx and the larynx, and (3)

an esophageal phase. Most of the dysphagia
patients have disorder of the oral phase and in
certain cases the pharyngeal phase. We have made
the following biomechanical measurements to
characterize the muscles involved in oral and
pharyngeal phases of swallowing: (1) lip inter-
face pressure (compressive stress), (2) lip
interface pulling force (shear force), (3) lateral,
forward, and upward thrust exerted by the tongue,
(4) predental suction pressure exerted on a straw,
(5) post dental suction (swallow) pressure at the
base of the tongue during swallowing, and (6)
acceleration of the throat tissues during swallow-
ing with an accelerometer placed on the outside

of the throat.

The process

The lip interface pressure is measured with a
semiconductor pressure transducer (Entra Devices,
Inc.). The lip interface pulling (shear) force
is measured via a plastic beam through an ultra-
miniature load cell (Sensotec, Inc.). The
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patient is asked to exert a pulling force on the
flat end of the plastic beam. The signals from
load cell and the interface transducers are
amplified and recorded (Gould). The tongue thrust
is measured using a small straingaged spoon-like
plastic beam. The static strain on the beam is
measured using a battery operated strain indica-
tor (MicroMeasurements, Inc.). The suction
pressure is measured with a hydraulic pressure
transducer (COBE) connected to a catheter. The
signals from the hydraulic pressure transducer are
amplified and recorded (Gould, Inc.). Power to
the amplifiers and the recorder is drawn through

a patient isolator.

RESULTS

We have found significant differences in the above
parameters measured from normal and dysphagia
patients (Fig. 1-2 and Table 1). Also, in uni-
lateral paralyzed individuals, we found signifi-
cant differences between measurements from normal
and paralyzed sides. With these measurements we
are able to characterize the degree of recovery
in the swallowing mechanism. The quantitative
measurements of the strength of the concerned
tissues allow the clinician to prescribe better
rehabilitation procedures. Moreover, these
measurements can be used for training the dyspha-
gia patients. Our hypothesis is that feedback of
the quantitative biomechanical parameters to the
patients will aid in achieving quick recovery.

Table Normal Paralyzed

Lip Closure Press. 158.71 45.45
(mmHg )

Lip Interface Shear 222:75 1.00
Force (gm)

Predental Suction 130.73 31.02
Press. (mmHg)

Tongue Thrust) 506.66 152.06

(gm)

These results represent the first quantitative
measurement of the muscle strength involved in
the swallowing process in normal subjects and in
dysphagia patients. The oral phase of swallowing
involves lip closure followed by placing of the
food at the uvula through a coordinated action by
the muscles of the tongue. The lip closure pres-
sure and lip interface shear force measure the
strength of the lip and cheek muscles. Most of
the dysphagia patients cannot completely close
the lips resulting in food spilling. Dysphagia
patients often have either a unilateral or a
bilateral loss of tongue strength. These facts

are clearly evident from the above results. The
biomechanical factors devised above, when

measured from the onset of injury, provide a
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quantitative picture of the recovery process.

LATERAL TONGUE THRUST
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Fig. 1. The lateral tongue thrust exerted in
normals (NPS) and Dysphagia patients (PS).
These results represent the average of five
repeated measurements from ten normal indivi-
duals and eight dysphagia patients.

LIP CLOSURE PRESSURE
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Fig. 2. The maximum lip closure pressure (inter- The authors thankfully acknowledge the financial
face compressive stress) observed on nonpara- support received from Edwin Shaw Hospital Founda-
lysed side (NPS), in the middle (ML) and on tion and The Akron Community Trust.

paralysed side (PS) of unilaterally paralysed
dysphagia patient. These results represent the
average of five repeated measurements from ten

normal individuals and eight dysphagia patients. Narender P. Reddy, Ph.D.

Biomedical Engineering Department
The University of Akron
Arkon, OH 44325
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PRIORITIES IN RURAL REHABILITATION 12.1

Charles M. Page, Director, Office of Clinical Development, MCRH, UND
Don V. Mathsen, Director, Engineering Experiment Station, UND

Doris M. Bornhoeft, Research Analyst I, OCD, MCRH, UND
Grand Forks, North Dakota

INTRODUCTION

Although the rehabilitation process is basic-
ally the same in all parts of the world,
several factors serve to set apart the deliv-
ery and maintenance of the vrehabilitation
process in rural areas as compared to urban
settings. Some of these are as follows:

* Disabilities unique to rural voca-
tions, particularly farming (i.e.
amputations due to farm equipment
accidents).

* Unique accessibility problems
mounting a tractor
traversinag soft uneven terrain in a
wheelchair
architectural barriers in farm
buildings

* Isolation factors which result because
of
distance to social services
distance to primary and rehabil-
itation care facilities
lack of attendant care resources

* Reduced vocational and recreational
opportunities

* Limited access to service i.e.
down time for equipment repair etc.

* Expenses related to increase
transportation and communication
costs

Until recently, there has been little formal
recognition of these factors. Within the past
year, a movement has developed within the
rehabilitation community to assess and docu-
ment the impact of rural environments as they
require unique rehabilitation services and
technologies. One example of this movement is
this very forum, RESNA's Special Interest
Group on Rural Rehabilitation. Another
example is the International Conference on
Rural Rehabilitation Technologies (ICRRT) held
at the University of North Dakota (UND) on
October 23-25, 1984,

This paper summarizes the background, goals,
and results of that conference.

BACKGROUND

The University of North Dakota is located in
Grand Forks, North Dakota, in the heart of the
agricultural Red River Valley. For the past
twenty-seven years, the University's Medical
Center Rehabilitation Hospital (MCRH) has
served the Upper Midwest region extending from
Montana to northeastern Minnesota, a region
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in which over 50% of the population lives on
farms or in towns of less than 2500 population.
Throughout the history of the MCRH, practi-
tioners have been faced with the problems of
distance between consumers and services, the
lack of support systems, the unique problems
created by a combination of the rural envi-
ronment and the extreme climatic variations of
the area, and the special needs of disabled
farmers. Through the years, several joint
research and development efforts have been
undertaken with the UND Engineering Experiment
Station to seek technical solutions to some of
these problems.

The concept of a conference to focus on the
specific, special needs of the rural disabled
was first suggested in a UND proposal to NIHR in
1981 as part of a response to an RFP for a
rehabilitation engineering center. While the
proposal was not accepted, the idea of a con-
ference was strongly endorsed. After reviewing
the concept with several practitioners from
around the country and receiving further encour-
agement, planning was begun in 1983 for an
international gathering of practitioners,
laypeople, and consumers relative to rehabil-
itation practice in rural areas.

METHODS AND APPROACH

The conference was organized along the themes of
Consumer Characteristics, Aspects of Living,
Service Delivery Models, and Technologies for
Rehabilitation.

Consumer Characteristics, for special popula-
tions, focused on the demographic and diagnostic
factors that describe certain populations Tiving
in rural areas. Studies which considered differ-
ent age groups, types of disabilities, and
environmental effects were sought.

Aspects of Living Tooked at independent Tiving
programs, vrecreational activities, and employ-
ment factors in rural areas.

Service Delivery Models centered on methods by
which individual care providers or organi-
zations, both public and private, attempt to
respond to the needs of disabled persons in
rural settings. Developments in mobile units,
hospital and social service outreach programs,
and shared service operations were invited.

Technologies section Tlooked at equipment,
appliances, or other devices and systems that
are needed or have been developed for disabled
people in rural places.

In addition, a separate workshop was planned for
the disabled farmer. This workshop, conducted
by Dr. Bill Field of Purdue University, was
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designed to present technical developments in
making farm equipment more accessible to the
physically disabled. 1In addition, a panel
comprised of active farmers who have experien-
ced some form of disability during their
career were invited to share their experiences
in coping with the new challenges of farming
with a disability.

The conference presented an opportunity to
document the interests of the rehabilitation
community and laypeople with respect to their
information needs. Registrants completed a
conference evaluation form at the close of the
conference. In addition, a post conference
survey was sent to all registrants to aid in
the development of future conferences. To-
gether these evaluations provide a foundation
for developing future programs and projects to
meet the needs of the rural disabled.

RESULTS

The conference brought together more than 200
registrants and 40 papers in the four theme
areas. Representatives of Sweden and India
joined the predominantly Canadian and U.S.
audience with twenty-four states represented.
Contacts with rehabilitation professionals in
Europe, Africa, the Middle FEast and other
parts of the world were established in the
course of the conference development. The
strongest participation, as professional
groups, came from vocational rehabilitation
counselors and dindividuals involved with
independent living centers around the United
States.

A total of 62 registrants completed the con-
ference evaluation form and 60 individuals
(nearly 30% of the attendees) responded to the
post conference survey. Based on these
sampling  instruments, ICRRT  registrants
indicated the following order of priority
within each theme area for topics which need
to be addressed in future programs or services
for the rural disabled.

ASPECTS OF LIVING

* Employment
opportunities/workplace
modification

* Independent Tiving programs

* Communication and transportation
problems

* Recreational opportunities

* Activities of daily living

SERVICE DELIVERY MODELS

* Shared service programs between
rehabilitation centers and
small community hospitals

* Qutreach programs from
rehabilitation facilities

* Mobile unit service programs

* Satellite operations of compre-
hensive rehabilitation care
facilities
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CONSUMER CHARACTERISTICS/SPECIAL
POPULATIONS

* Specific physical disabilities
and their unique requirements
in rural settings

The multiple-handicapped

The sensory impaired

The disabled farmer

The developmentally disabled

Handicapped children in rural
areas

The elderly

* The chemically dependent

ook k¥

*

TECHNOLOGIES (Top ten interests)

* (ccupational adaptations

Transportation/mobility devices

Daily living aids/adaptive
devices

Independent living aids

Treatment services/delivery

Farm site modifications

Farm equipment modifications

Computers

Architectural barrier removal

Prosthetics/orthotics

*

* ok ok o F * F

Among some of the other interests expressed
where concerns regarding funding for vrural
rehabilitation programs and the dissemination of
information of rehabilitation practices in rural
areas. The need to further characterize rural
environments and their effects on rehabilitation
practices was also strongly indicated.

CONCLUSIONS

The first International Conference on Rural
Rehabilitation Technologies confirmed the
contention that rural environments present
uniaue challenges to rehabilitation practices
and the delivery of rehabilitation services.
The participation at the conference and the
strong follow-up interest indicates the need for
some form of support group for both the profes-
sional and the layperson associated with rehab-
ilitation services in rural areas. ICRRT II
will be held at the Unijversity of North Dakota
on October 22-24, 1985, Offers have already
been made both from within the United States and
abroad to host ICRRT conferences in 1986 and
1987 at other locations. The activities of the
RESNA Special Interest Group in Rural Rehabil-
itation together with an ongoing series of ICRRT
conferences will provide appropriate forums for
networking the individuals concerned about the
problems of the rural disabled.

REFERENCE:

Proceedings of the International Conference on
Rural Rehabilitation Technologies, Engineering
Experiment Station and Medical Center Rehabili-
tation Hospital, University of North Dakota,
Grand Forks, ND, Bulletin No. 84-10-EES-01 (pp.
285), October, 1984,
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THE NATION'S FIRST MOBILE REHABILITATION ENGINEERING UNIT

DAVID F,

LAW, JR. & JON SCHUCH

WOODROW WILSON REHABILITATION CENTER, FISHERSVILLF, VA 22939

ABSTRACT

The W.W.R.C.'s Rehabilitation Engineering
Services (RES) has provided both Center—-hased
and comunity-based services for the past eight
years. Since its inception, RES has dramati-
cally broadened its horizons in a consistent
effort to provide the most cost effective dis-
tribution of its services to the constituents
within Virginia's Department of Rehabilitative
Services (DRS). A capital investment which
yvields gainful employment for one of DRS's
clients is a good investment, particularly
since statistics prove that for each dollar
Virginia's DRS invests in a client, the same
client will return Ten as a taxpaying employee.

INTRODUCT ION

The grass-roots involvement of RES staff
in work station designs and enhancement has
yvielded hundreds of employment options that
otherwise would not have existed. In a recent
8 month span alone, fifteen job site visits were
referred to RES which resulted in 12 lasting
employments due to custom-matched adaptive
equipment manufactured and installed by RES
staff.

BACKGROIND

The geographical location of DRS's two
RES facilities has necessitated WWRC's engineers
serving an area greater than 30,000 sq. miles
which extends from Tennessee to Washington, D.C.

With clinic and fabrication facilities
located at WWRC, the actual cost of field ser—
vices are unavoidably inflated by the number
of trips to and from the jobsite as assistive
devices are made, tested, and occasionally re=
vised in our home-based laboratory,

Also requiring RES services are the over
500 clients residing at WWRC and participating
in rehab. programs on a daily basis. This,
canbined with the ever-increasing necessity for
service delivery in the field, demands that the
limited RES staff time should be effectively
used in "PROBLEM SOIVING" and not wasted tra-
veling to and from a particular site to com-
plete a task.

The only logical solution would be to

take the shop along when staff must work away
from home-base.
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METHOD

An innovative grant proposal was submitted
to DRS, and a $40,000 block grant was approved
to purchase and modify a tractor-trailer into a
mobile fabrication unit. Realizing that this
would in no way cover the total cost, it was left
to the RES staff to secure the balance of ecquip-
ment, tcols and materials through private and
corporate donations. The actual conversion work
was supervised and carried out by RES staff, with
assistance fram a contracted hourly employee and
WWRC Maintenance staff.

The unit contains two 12-KW diesel power
generators which supply the broad array of equip-
ment housed within, that include heli-arc welding,
lathe, mill, air compressor, bandsaws, drill
press, glass bead finishing, metal shear, brake,
roll former, wheelchair 1lift, lights and heat.
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Also stocked on board are fabrication sup-
plies and materials, hardware assortments, hand
and power tools, etc. Two-man bunking quarters

are fourd in the very front of the trailer which
allow for no-cost overnight accommodations cam-
plete with refrigerator, range, sink, toilet,
dining table, mobile phone service and T.V,.

CURRENT UTILIZATION AND BENEFIT

At present, The Mobile Rehab. Engineering
Unit is being allowed one week per month for
field utilization. This is due partly to staff
limitations, but actions are being taken which
hopefully will alleviate this problem and thus
allow appropriation of more staff involvement
for the comunities' needs.

The following is a list of paramount bene-
fits of this type of service.
(1) To the Consumer:
° Allowing for greater rural access
to the potentials of RES.
° Decreasing costs related to travel
and incidentals.
° Decreasing the time to implement
a solution.
° Preventing a more serious disabling
condition from developing.

(2) To State Agencies & Funding Sources:

° Reducing costs by clustering
visits.,

° Increasing this agency's referral
base thru non-DRS support,

° Fostering more interaction and
growth between DRS and other health
providers.

° Allowing placement couselors a
better bargaining tool with pro-
spective employers,

(3) To Business & Industry:

° Offering a support system and re-
source for affirmative action plans.

° Allowing for immediate "de-bugging"
of equipment with interaction from
both employer and client,
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° Allowing for "en-Site" training &f pro-
spective new employees.

These benefits can be further substantiated by
the following table:

Benefits of Mobile Unit

Traditional With
Parameter Service Mobile
Measured Approach Unit
Number of trips 3 i g
Total distance traveled 759 miles 253 mi
Driving time for RE staff 13.8 hrs. 4.6 hrs,
Time between referral date
and implementation date 3.5 months 3 wks,
Actual elapsed fabrication
time 3 months 4 days.
Incidental charges incurred
on trips $119.00 $40.00

CONCLUSION

It remains to be documented just what the
actual overall savings of such a unit would be,
however it is estimated that the establishment
of a stationary fabrication facility with the
same ecquirment would be at least double what
the mobile unit cost. That, coupled with the
appealing ability to take Rehabilitation En-
gineering Technologies right into the rural areas
(farms, small businesses, etc.) within Virginia,
was the motivating force behind this project.
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ECONOMIC LOSSES ASSOCIATED WITH FARM-RELATED DISABILITIES

R.L. Tormoehlen, Assistant Professor,
Department of Agricultural Engineering,
University of Wisconsin, Madison, WI

ABSTRACT

The primary goal of this project was to develop a reliable
method of computing and projecting the economic losses associ-
ated with farm accident-related permanent disabling injuries. It
was decided that a computer based model would provide the
most consistent and reliable method of computing and projecting
the magnitude of losses associated with farm-related accidents.
The IBM PC (Personal Computer) was selected upon which to
develop the farm accident cost program because of its widespread
use and availability. In addition, several other companies
manufacture computers capable of running IBM PC compatible
software.

INTRODUCTION

In 1982, the National Safety Council estimated that accidents
cost the United States at least 88.4 billion dollars, of which 31.4
billion went to cover work-related accidents (Accident Facts 1983
Edition, 1983, pp. 4). According to Pfister (March 1983) "agri-
cultural work accidents cost over 2.5 billion dollars per year,
based upon current National Safety Council data”. In other
words, agricultural work accidents accounted for approximately
8 percent of the losses resulting from work-related accidents even
though only 2.4 percent of the nation’s population reside or work
on a farm (U.S. Bureau of Census, 1982).

The costs associated with disabling injuries are responsible for a
significant proportion of the cost of accidents. National farm
accident data indicates that approximately 2 percent of the full-
time farm operators and workers have suffered permanent disa-
bling injuries due to farm-related accidents (Accident Facts 1977
Edition, 1977). A summary of farm accident data from 3| states,
completed by the National Safety Council, found that 65.3 per-
cent of all farm work-incurred injuries were considered severe
injuries (Hanford, Burke, Fletcher, Hoskin and Miller, 1982, pp.
23). Approximately 1 percent of the farmers who experienced a
non-fatal injury incurred a permanent disabling injury which
prevented them from continuing to farm (National Safety Coun-
cil, October 1981). The cost of these farm-related disabilities
have never been investigated. Thus, it is the purpose of this
paper to report on work being conducted by the authors to
estimate the economic losses associated with permanent farm-
related disabilities.

THE NEED FOR RESEARCH

A review of agricultural accident data indicates that very little
has been done to determine the economic impact of farm-related
injuries on the farm family or rural community. A few studies
have briefly dealt with the cost of selected farm-related accidents
and injuries. Stout and Darbee (1972) analyzed a few of the
direct and indirect costs associated with 60 selected farm-related
accidents and injuries, most of which were amputations. The
National Safety Council summarized farm accident data from 31
states which included findings on the cost of farm-related
accidents and injuries (Hanford, Burke, Fletcher, Hoskin and
Miller, 1982). However, this data contained very little in-depth
economic data on disabling accidents.

The major emphasis of previous farm accident studies has been
to determine the frequency and types of farm-related accidents.
Little effort has been devoted to identifying the economic conse-
quence of farm-related accidents and injuries.
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W.E. Field, Associate Professor,
Department of Agricultural Engineering,
Purdue University, West Lafayette, IN

There are several important reasons for investigating the
economic scope of farm-related accidents. These include:

I. The need to identify those types of farm-related accidents
which are most costly to society and create the greatest
economic threat to the farm family.

2. Current cost data does not provide a realistic picture of the
losses incurred nor does it provide a means of comparing
farm-related accident and injury costs with other industries
or occupations,

3. The need to acquire concrete economic evidence to justify
the expenditure of public, corporate, and private funds in
loss prevention programs.

4. The need to develop fair and equitable guidelines for the
allocation of economic liability in litigation resulting from
farm-related accidents and injuries. A better understanding
of the costs of farm accidents would assist in establishing
more consistent and realistic award levels.

DEVELOPMENT OF A COMPUTER MODEL

It was decided that a computer based model would provide the
most consistent and reliable method of computing and projecting
the magnitude of the losses associated with farm-related
accidents. The rationales for this decision were as follows:

I. A computer model allows for easy updating of the variables
to account for inflation and future research findings.

2. A computer model will insure that a set procedure is fol-
lowed.

3. After entering the various costs, a computer can quickly
provide a visual summary of the costs incurred.

4. A computer program insures that the summaries obtained
are consistent in format from one user to another allowing
for comparative studies.

5. The computer can quickly cross reference data.

6. The computer would allow for the easy storage and
retrieval of a large amount of data to allow for long term
research to be conducted on farm accident costs.

The IBM Personal Computer (PC) was selected upon which to
develop the farm accident cost program because of its widespread
use and availability. In addition, several other companies
manufacture computers capable of running IBM PC compatible
software. Thus, the farm accident cost program would run on
several computers in addition to the IBM PC. It was anticipated
that the model developed would have application in any state to
enable farm safety leaders and rehabilitation professionals to esti-
mate farm accident losses.

COMPUTER PROGRAM COMPONENTS

Prior to writing the ACCICOST (name given to program being
developed) computer program, the components of the program
had to be identified. Based upon the review of literature and dis-
cussions with farm accident victims seven major components
were discovered to be essential elements of the computerized
farm accident cost program. These were: CPl (Consumer Price
Index) Data; Personal Data; Body Part Injured; Types of Inju-
ries; Injury Severity Level; Types of Accident/Injury-Related
Costs; and Default Values. The following is a brief description
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of each major component and the role it plays in the
ACCICOST computer model.

1. CPI Data

CPI values are necessary in order that the cost-related default
values stored in the computer’s memory may be updated to
account for inflation and other cost changes. Determination of
the CPI categories used was based upon the type of default costs
used throughout the program. CPI categories used in the pro-
gram include; hospital service; physician fees; auto repair and
maintenance; housing maintenance and care; all items; and the
state and local government workers employment cost index.

If the user decides to enter new CPI values, the computer will
ask for the current date (month, day and year) following the
input of the new CPIl values. The date is used to inform
ACCICOST users when the CPI values where last updated, thus,
allowing the user to determine if the CPI values, currently in
ACCICOST, should be updated.

2. Personal Data

Personal data requested includes: names of the injured person;
date when the accident occurred; victim’s age at time of accident;
and victim's current age. Of the four personal data items
requested, the only one of great importance.is the victim’s age at
time of accident. The victim’s age at time of accident is neces-
sary in order that the computer may calculate the annual follow-
up medical care and the productivity losses incurred.

3. Body Part Injured

The National Safety Council’s farm accident reporting forms and
reporting criteria from the American Association for Automotive
Medicine were used to develop a list of 17 major body parts that
can potentially be injured in a farm accident. The computer
model will prompt the user to select the body part that was
injured.

4. Types of Injuries

Form 2 of the National Safety Council’s farm accident survey
contains a section entitled, "types of injury”. Injuries listed under
this section include: amputation; asphyxiation; bruise; cracked,
fractured or broken bones; cut or laceration; eye injury; mangled;
pinched; puncture; and sprain. The American Association for
Automotive Medicine also has compiled a list of injuries encoun-
tered due to accidents. Analysis of the two lists resulted in the
selection of several injury types for each of the 17 body parts.

5. Injury Severity Level

In 1980, the United States Department of Transportation (DOT)
published a study that analyzed the economic losses associated
with motor vehicle accidents. The study entitled, “The Economic
Cost to Society of Motor Vehicle Accidents” obtained most of its
cost data from a 1975 study conducted by Hartunian, Smart, and
Thompson (1981). As Hartunian, Smart, and Thompson did,
the DOT study placed cost values on motor vehicle accident-
related injuries by rating the injury’s severity using the American
Association for Automotive Medicine's, “The Abbreviated Injury
Scale, 1980 Revision”. The Abbreviated Injury Scale (AIS) clas-
sifies injury severity level on a numeric scale of | to 6. The
severity code for the AIS code, as mentioned in the AIS hand-
book, is: 1 = minor; 2 = moderate; 3 = serious, 4 = severe; 5 =
critical; and 6 = maximum injury virtually unsurvivable. Har-
tunian, Smart and Thompson (1981) expanded AIS category 5
into five subcategories: non-spinal cord injury patient; incomplete
paraplegic; complete paraplegic; incomplete quadraplegic; and
complete quadraplegic.
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6. Types of Accident/Injury-Related Costs

The heterogeneity that is encountered from one farm accident to
another makes it difficult to develop a comprehensive list of cost
types. Based upon industrial accident studies such as Matthysen
(1973), agricultural accident studies such as Robbins (1976), and
visits with farm accident victims, the following list of cost types
was developed: police assistance; fire department/rescue squad;
ambulance service; hospital charges; medical expenses following
leave from hospital; rehabilitation expenses; parking and mileage
charges; loss of earnings; property damage; replacement labor;
lost productivity; home and farm modifications; and legal
expenses and or income.

7. Default Values

Default values enable the program user to project the cost if the
actual cost was not readily available. The lack of certain types of
farm accident-related cost date prevented the input of default
values for each of the cost categories.

SUMMARY

ACCICOST will provide the user with an abbreviated and/or
expanded summary. The abbreviated summary provides only a
summarization of the major costs while the expanded summary
contains a copy of the values inputted to the computer.

DEVELOPMENT OF ACCIDENT COST PROFILES

To obtain actual data on the types and magnitude of losses
encountered by people who have suffered farm accident-related
injuries on-farm visits were conducted. The primary objectives of
the on-site visits were:

I. To determine the various types of costs encountered as the
result of farm accident-related injuries.

2. To determine the magnitude of these various costs.

County extension agents and high school vocational agriculture
instructors throughout the State of Indiana were contacted and
asked if they could identify individuals in their community who
had experienced a farm accident-related injury. In addition, clip-
pings received from a newspaper clipping service were monitored
in order to identify farm accident-related victims.

The data gathered from these visits were used to test both the
input and output operations of the ACCICOST program.

POTENTIAL BENEFITS OF THE STUDY

In addition to fulfilling the needs addressed earlier, the authors
see the following as potential benefits that are realized by com-
pletion of the study.

I. A comprehensive lists of costs associated with farm-related
accidents and injuries would be identified.

2. A method of projecting farm-related accident and injury
costs would enable estimates to be made on the total
impact of farm-related accidents.

3. Government agencies would be able to identify the cost fac-
tors and the magnitude of the costs involved with accidents
in order to better provide the financial relief required by
individual victims.

4, Provide evidence to justify expenditures on loss prevention
activities.

5. Help physically disabled farmers make decisions as to
whether they should continue to farm following their reha-
bilitation.
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13.1 The Potential of Pitman Shorthand Transcription
as an Aid for the Deaf

A F Newell
Dundee University

Summary

Machine Shorthand systems have been
successfully used to provide simultaneous
transcription of speech for the deaf in a
number of environments. These, however,
require a highly trained machine shorthand
operator. In order to increase the
potential of such systems, a study was
conducted into the feasibilty of using
handwritten shorthand as an input means.

A prototype system was designed and
constructed. The problems of translation
of handwritten shorthand, however are very
much greater than for machine shorthand,
and the performance of the prototype
system was not adeguate for a working
environment. Substantially more research
work would be required to bring this up to
a satisfactory standard. The performance
of such a handwritten shorthand system
however is unlikely ever to be
competitive with a machine shorthand
system as an aid for the deaf, but may
possess advantages for a facsimile-based
document editing system.

Introduction

A number of systems have been designed to
transcribe the output from a shorthand
machine into readable script. A major
reason for this has been to improve the
efficiency with which court transcripts
can be produced. In addition systems of
this type have been used as aids for the
deaf. In such a system, the hearing
person talks to a machine shorthand
operator, who transcribes the words onto a
shorthand keyboard machine. A coniputer
translates this into readable script which
is then displayed on a television screen
for the deaf person to read. Such systems
have been designed both for Palantype
Machine Shorthand which is indigenous to
the U.K., [1] and the American Stenograph
system [2], and have been used in working
environments on both sides of the
Atlantic.

The most well known user in the U.K.is the
deaf Member of Parliament Jack Ashley [3],
and the Palantype based system has also
been used by other deaf people at
comnittee meetings, lectures, and as a
prototype telephone service for the deaf.
In America Stenograph systems are being
used in educational institutions for deaf
pupils, in law courts and as a television
subtitling service for live prograumes
such as the news.

The above systems are working well and are
commercially available. They provide an
invaluable service to a section of the
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hearing impaired community, as they enable
them to read a truly verbatim version of
what is being said as it is being said.
The major disadvantage of these systems,
however, is that they do require a trained
machine shorthand operator. In ordcer to
attempt to increase the pool from which
operators of speech transcription systems
could be drawn, we investigated the
possibility of further developing our
shorthand transcription system so that it
could be used with handwritten shorthand
[ul.

Handwritten Shorthand

There are a number of handwritten or "pen"
shorthand systems, but the most popular
one which can be used at high speed 1is
Pitman's New Era, and we decided to
concentrate on this system. An example of
this shorthand is shown in Figure 1. It
has a basic alphabet of 40 symbols
representing speech sounds. These are
simple lines, curves and circles which can
be made with two pen pressures. Each word
is written by a single geometric stroke
representing the consonants within the
word. Extra marks are then added to this
base outline to represent vowel sounds.
Common words can be represented by special
"shortform" characters.

FIGURE 1 - an example of Pitman 2000 shorthand, 1llustrating
the composition of a number of outlines.

This is a short exaople of Pitmen 2000 shorthand.
Work is currently in progress to deternine whether
computer transcription of this script 1s feasible.

SH AW RT E 65 MM P.L

Unfortunately pen shorthand is much less
suited to automatic transcription than
machine shorthand. A shorthand machine
can be interfaced to a computer system
simply by adding electrical switches to
its keys - whereas a much more complicated
syctem is required for pen shorthand. In
addition to monitoring the movements of
the pen, and inputting into the computer,
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the pen shorthand outline has to be
recognised by the machine. This latter
task is many orders of magnitude greater
than detecting the closure of electrical
contacts!

Unlike machine shorthand the phonetic data
from pen shorthand includes word boundary
data and thus the conversion of this data
into an orthographic version is easier. A
complication arises, however, because when
taking down at speed many pen shorthand
writers will leave out parts of the
outline.

System Requirements

A pen shorthand system thus requires

the following components:

1) A method of monitoring the pen
movement and inputing this data into
a computer system,

2) recognition of the outlines,

3) conversion off the phonetic outlines
into an orthographic equivalent.

The development of an effective system is
a very major undertaking but, rather than
investigate one of these areas in detail
and isolation, the authors decided to
conduct a feasibility study which included
the pilot development of a complete
system. This development was thought
unlikely to produce a system which would
have an adequate performance but it would
highlight the critical aspects of the
problem and give an indication of the
extent to which it would be possible to
produce a working system in the future.

Data input and character recognition

The input of the original shorthand data
did not present any insurmountable
problems. A standard commercially
available data tablet was found to have
adequate resolution for pen shorthand
shapes. It was not possible, however, to
purchase a tablet which had sufficient
resolution to detect the difference
between thick and thin lines. We therefore
added to the tablet an instrumented pen
which detected whether heavy or light
pressure had been used by the
stenographer. The tablet and instrumented
pen were interfaced to a Z80 based
Cromemco computer system via serial lines.

Shorthand outlines thus inputed into the
computer wWere represented as strings of
digits corresponding to points on the data
tablet. It was then necessary to
recognise these strings as the phonetic
characters which the writer had intended.
This is a traditional pattern recognition
task similar to handwritten character
recognition.

This task was divided into a number of
sub-tasks.
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smoothing the data

segmenting the complex outline into
its component parts

classifying these parts, and
recognising the shape and noting the
relative position of vowel markers.
In addition to the above, a number of
highly abbreviated shortforms are
used for certain words and needed to
be recognised separately.

=W [AS I
. . . .

wm

Special pattern recognition algorithms had
to be developed which were appropriate for
pen shorthand symbols and programs were
written to implement these algorithms.

The data from the data tablet was thus
processed by these algorithms to produce a
string of characters.

Phoneme to orthography

The phoneme string now had to be
transcribed into an orthographic
representation. At this stage the data
was in a similar form to that produced
directly by a keyboard shorthand machine,
except that it was divided into words
rather than the syllablic structure
inherent in machine shorthand.

Machine shorthand transcription systems
use large dictionaries and, in some cases,
spelling rules to perform this conversion.
The dictionaries are an essential tool in
reconstructing word boundaries. With pen
shorthand, word boundaries do not have to
be reconstructed, and also more
sophisticated spelling rules which depend
on position in the word can be developed.

However in a real environment, pen
shorthand writers will often not
transcribe vowels. This improves the speed
and still retains a script that it is
possible to decipher. This is a similar
convention to that used in some
speedwriting techniques where vowels are
omitted and the words are disambiguated by
a human being using syntactic and semantic
information. NVRTHLSS IT IS NOT TRVL TO
RD: THS TPE F SCPT.

We thus developed spelling algorithms for
Pitman shorthand and also a scheme for
inserting vowel markers. There is not
enough information in the phonetic data to
reconstruct vowels which are omitted but
it is possible to use statistical data
concerning letter frequency distribution
to calculate where vowels may have been
omitted. In those cases we inserted a
vowel marker to improve the readability of
the text.

Prototype system

A complete system was produced in which
shorthand data could be written on the
tablet and an orthographic version

produced. This proved that the overall
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concept could be realised. The
performance of this system however was
very poor. An analysis of the results of
tests showed that the main reasons for
this lay in problems of the initial
recognition of the pen shorthand symbols.
Although the primitive features of
handwritten shorthand are very simple
(lines, circles, hooks, etc,) even these
simple strokes are not performed with
sufficient regularity by shorthand writers
to make recognition a straightforward
task. More importantly it proved to be
extremely difficult to accurately segment
a complex outline into its primitive
features.

Subsequent processing such as a phonetic
to orthographic transcription and vowel
insertion could be done to an adequate
standard.

Operator Performance

We did not have the resources to perform
large scale tests on the system and it is
possible that substantial practice may
well improve operators' performance, by
teaching them to make their outlines less
variable. There is a danger, however,
that the need to write very precise
outlines will cause an unacceptable
reduction in the speed with which the
shorthand can be written.

Conclusions

We have expanded our work on speech
transcription systems for the deaf to
include pen shorthand as an input medium.
The results of this work however do not
augur well for the production of a viable
system which will compete with machine
shorthand as a verbatim transcription aid
for the deaf. Substantial research and
development effort needs to be expended on
the pattern recognition aspects of the
system, particularly the segmentation
algorithms. Although the systems may
become usable, they are unlikely to
produce an output which is of comparable
quality to that from machine shorthand
transcription and the speed with which
operators can use it is likely to be less
than that of machine shorthand.
Nevertheless pen shorthand transcription
offers a number of advantages for other
applications such as facsimile-based
document editing where a pen chould be
used for all stages of the work.
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13.2

AND KEYBOARD EMULATOR

A.L. Swiffin, J.A. Pickering,

J.L. Arnott and A.F. Newell

Microcomputer Centre, University of Dundee.

ABSTRACT

A communication aid for the physically
handicapped offers the user complete word
predictions from a diectionary which is
adaptive (modified through use).
Implemented on the Epson PX8, the aid is
truly portable, and when used as a
keyboard emulator up to 60% saving in
character selections is possible.

INTRODUCTION

One of the most basic but essential human
needs is that of communication. For most
people it is a skill mastered early in
life and practised almost effortlessly
thereafter, both in the form of the
spoken, and written word. However, for
those with some form of motor handicap,
communication is a major problem. A
number of microcomputer based aids have
been constructed which provide an
alternative means of input, and hence
enable text to be created by those whose
disability renders the traditional
keyboard awkward (1,2,3,4). Due to the
users handicap communication rate is
usually constrained by factors such as
motor response and physical fatigue and
hence these aids are generally very slow
to operate and do not exploit all the
facilities available in a microcomputer.

Written English is a very redundant
coding method from an informational view
point, and it is therefore possible to
enter a given piece of text by far fewer
character selections than there are
characters. A number of researchers have
combined one of the alternative input
devices with a form of 'text
acceleration' which exploits this, such
as: N-gram techniques (5), Coding (6),
and Word prediction techniques
(7,8,9,10). Some of the aids that have
been produced use a combination of these
methods (8,9,10). A predictive
communication aid has been developed at
Dundee university which offers complete
word predictions based on the current
prefix, and by so doing substantially
reduces the keying effort needed to
communicate (11,12).

THE PREDICTIVE ADAPTIVE LEXICON

The Dundee Predictive Adaptive Lexicon
(PAL) was designed to be run on a
portable microcomputer with a small
visual display screen so that it could
act as a keyboard emulator to a main
microcomputer running word-processing or
other packages. PAL could be controlled
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from the keyboard of the portable
microcomputer or by a special interface
such as a sip-puff switeh with scanned
matrix.

Prior to the user selecting a character,
or after a word termination (space etc.)
PAL offers the user a list of the most
common words that it has in its internal
dictionary. The user may select one of
these by pressing a function key (if
using the keyboard) corresponding to the
position in the list of the word he

wants. In this case the word chosen,
along with a trailing space character, is
forwarded to the target computer. If he

is trying to type a word that is not in
the list he must select the first letter.
PAL then responds with a list of the most
common words beginning with that letter.
If the user sees the word he wants he may
select it using a functicn key, otherwise
he types the next letter. PAL responds
with a new menu of the most common words
begining with this two letter prefix.

The process is repeated until the user
selects a prediction or completes his
word and terminates it with a space.

A substantial advantage offered by PAL is
that the dictionary and statistical word
usage data (frequency, recency) is
acquired by the system as the operator
uses the predictor, hence if the user
types a word which is not yet 'known!'
will be captured, entered into the
dictionary, and will thereafter be
offered as a prediction. The dictionary
therefore adapts to the vocabulary of the
user while in use. In order to give a
more rapid change in predictions for a
change in subject than would be possible
through the evolution of a dictionary,
the user may keep several context
oriented dictionaries, and store them on
disc when not in use. Each dictionary is
constrained to a maximum size of the
order of 1000 words (approximately T75% of
common vocabulary (13)) in order that in
use it may all reside in system memory.
This restriction keeps machine search
time at an acceptable level.

it

IMPLEMENTATION OF PAL

The Epson PX8 portable microcomputer was
chosen as the basis of a prototype for
PAL. The PX8 is battery powered with a
CMOS Z80 as its CPU and 64 Kbytes of CMOS
RAM. It has an 8 line by 80 column LCD
display and an integral keyboard. The
PX8 comes fitted with the standard CP/M
operating system, which is housed in ROM.
As an additional 'bolt on' unit there is
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a 120 K byte RAM disc which is treated as
a fast access disc drive by CP/M
programs. The PX8 also offers a
microcassette tape drive for 'hard!'

storage and a fully configurable RS232
serial I/0 port. Access is possible to
the full Z80 bus through an edge
connector, so any other form of I/0 could
be added if desired. The serial port on
the PX8 may be used so that PAL can take
its input from a sip-puff scanning matrix
or from a Concept keyboard (an A3-sized
membrane keypad with 128 separate zones
with which keyboard overlays may be used)
(14).

A disadvantage of the current version of
the PX8 is that the legibility of the
display panel is disappointing,
particularly as it has a small viewing
angle. Nevertheless it is adequate and
one would expect subsequent versions of
this and similar portable microcomputers
to have improved visual display panels.

The PX8 version of PAL offers 5
predictions at any one time, and these
are offered as a vertical list in
frequency order with the most common word
at the top. This appears to be the
optimum layout for searching. A
horizontal list was experimented with, to
assist spatial mapping between each word
and the corresponding function keys
(which are layed out horizontally in
front of the LCD display). No search
time figures were measured, but the
horizontal list was subjectively reported
as being more tiring and more difficult
to search.

The keyboard interface of PAL is
configured to make the PX8 suitable for
single finger operation by the use of
'seft' shift and control keys. With one
finger it is possible to generate the
full complement of control codes, which
is essential if the aid is to be used
with programs such as Wordstar running on
the target system.

RESULTS FROM TRIALS

It has not yet been possible to carry out
extensive long term trials with users,
but those disabled people who have tried
the system over short term periods have
testified to the benefits that they
experience in using PAL. We have however
been able to calculate the reduction in
keystrokes which would be produced in a
realistic environment by PAL. We have
developed a 'synthetic user' test in
which pieces of text can be passed
through the system and the number of
keystrokes which would have been required
to produce this text calculated. The
main test piece ('Albans') is a
transcript of a lecture on T.V.
sub-titling for the deaf, this has the
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advantage of being of reasonable length
(greater than one hour) and having the
attributes of both ordinary spoken speech
and a technical article. Other test
pieces include various related newspaper
articles and a large technical manual.

A simple algorithm was used in the
synthetic user such that if the singular
of a word is seen in a list, when in fact
the plural is required, the singular form
is ignored and the plural is typed in its
entirety. A real user would probably
select the word and after removing the
trailing space will add the
pluralisation. Hence a pessimistic
figure of key saving is generated by the
synthetic user.

Each test started with an empty
dictionary. With ten predictions being
offered, the newspaper articles generally
yielded a 30% key saving (i.e. 7T out of
10 characters need be entered). The
technical manual yielded a key saving of
46% and 'Albans' a key saving of 43%. It
was found that the key saving had usually
reached 25% within the first 250 words of
the text.

When the number of predictions offered
was reduced to 5, it was found that for
"Albans' the key saving dropped to 40%,
and for three predictions the key saving
fell to 38%. Reducing the number of
predictions offered does not radically
affect the saving because word frequency
drops exponentially with rank order
(15,16) hence the word required will
generally be near the top of the
prediction list.

If a text is processed with PAL using a
dictionary already created from that
text, a maximum key saving will be
possible as all the words are already in
the dictionary. This would roughly
correspond to the user switching to a
particular 'context' dictionary. This
gave key savings lying in the range 58%
to 62% for all the texts tested. As the
average word length for the texts is just
below 6 characters (5.53 for albans) this
equates to 2 to 2.5 keypushes per word,
one keypush for the first character, then
one keypush to select a correctly offered
prediction.

In order to try and optimise the key
saving a model was proposed whereby word
pairs (simple phrases) are also offered
as predictions. Several texts were
analysed and the word pairs extracted,
the additional key saving that would
occur was then calculated. The results
were not encouraging with at best a 3%

additional gain, this was due to two

reasons. Firstly, in the majority of
pairs one of the words was short, 2 or 3
letters, and of high frequency, hence we

only save 1 or 2 key pushes through
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selecting it in a phrase. Secondly
because the dictionary now contains all
the word pairs and is therefore very much
larger, it will take more key pushes to
access some lower frequency words. On
the basis of this it was decided to
suspend the development of a phrase
capture system.

CONCLUSIONS

A portable microcomputer based aid for
the physically handicapped, which gives
the disabled person access to most
standard computer systems, has been
developed. As well as giving a potential
reduction in keying effort of over 40% it
will accept input from any interface
device which is matched to the users
abilities. However although the system
has been used in an academic and limited
clinical setting, another task, as
difficult as the development work now
confronts us: that of arranging for it
to be packaged and retailed at a price
the disabled can afford so that it can be
used by the people it was designed for.
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