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NOTICE

The project which is the subject of this report was approved
by the Governing Board of the National Research Council, acting
in behalf of the National Academy of Sciences. Such approval re-
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Each report issuing from a study committee of the National
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individuals according to procedures established and monitored by
the Report Review Committee of the National Academy of Sciences.
Distribution of the report is approved, by the President of the

Academy, upon satisfactory completion of the review process.

This report was prepared as part of the work under Contract
V101(134)P-75 between the Veterans Administration and the
National Academy of Sciences, and Contract No. SRS 72-7 be-
tween the Social and Rehabilitation Service, Department of
Health, Education, and Welfare, and the National Academy of
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PREFACE

In May 1973 the Committee on Prosthetics Research
and Development conducted a Workshop on the Role of
Engineering in Spinal-Cord-Injury Programs. Held at
Castle Point Veterans Administration Hospital, its pur-
pose, implicit in the title, was to define those areas
in which it was felt that engineering could be most
helpful in the management of patients with an impaired
spinal cord. One of the areas that stood out clearly,
and one in which it seemed that considerable progress
might be made in the relatively near future, was mobil-
ity aids. Virtually all of these patients are confined
to bed and wheelchair, and the latter devices, while
being quite versatile, are considered to be "behind the
times." Good ideas have been put forth from time to
time concerning improved orthoses, more useful wheel-
chairs, and other devices, but for reasons that are not
clear there has been no widespread acceptance of the
designs.

There are also problems not solved in adapting au-
tomobiles for use by paraplegics to say nothing of the
problems associated with providing vehicular controls
for the quadriplegic patient.

Architectural barriers still exist, despite some

programs resulting from heroic efforts by a number of
groups throughout the world.

For this reason, CPRD elected to organize and con-
duct a "Workshop on Mobility Aids for the Spinal-Cord
Impaired." Maurice LeBlanc, Staff Engineer of CPRD,
was assigned the major staff responsibility. During
the late summer and fall of 1973, by interviewing per-
sonally many people here and in Europe, Mr. LeBlanc
gathered together as much pertinent information as pos-
sible for consideration by a steering committee con-
sisting of Colin A. MeLaurin, Martin Prast, James B.
Reswick, Thomas R. Shworles, and Warren G. Stamp.

The steering committee met in Washington, D.C., on
November 21, 1973, at which time a tentative structure
for the meeting was established and Dr. Reswick was se-
lected to be chairman of the workshop.

il




The final arrangement called for a presentation of
selected papers in plenary session to be followed by
five panels meeting simultaneously to develop design
criteria for mobility aids to meet the various needs
respectively of five different classes of patients. The
needs were classified as mobility in the home or at work,
in the immediate neighborhood, and intercity travel.

The selected papers published here provide a good
overview of the problems facing the designers, clini-
ctans, and patients, and the reports of the panels pro-
vide the designers with rather specific goals, while
offering some suggestions how they may be met.

It is hoped that the workshop proved to be stimu-
lating to those in attendance, and that this report will
provide readers incentive to either engage in the work
recommended or support those who offer sound proposals.

A. Bennett Wilson, Jr.
May 13, 1974
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SYNTHESTIS

i The number of people requiring special consideration in
mobility is growing due to the improved care received by
individuals subjected to trauma and suffering from birth de-

fects.

2, The manually operated wheelchair that has evolved through
the years has many good features, but its usefulness
could be increased considerably by a few easily incorporated
design changes. Consideration should also be given to provid-
ing more function by design changes that probably involve so-
phistication and ingenuity. Care must be exercised so that
none of the positive features of the present designs is com-

promised in the zeal to provide a new function.

3. The use of exoskeletal orthoses, with and without external
power, with and without electrical stimulation of the

neuromuscular system, should be explored thoroughly.

4, Work on electrical stimulation of the neuromuscular system
to preserve function and muscle force as well as provide

function should be expanded and accelerated.

D The modular concept should be considered in the develop-
ment of a mobility system useful in the home, in the imme-
diate neighborhood, within the city, and between widely
separated points. A system built around a customized, readily
detachable seat that can be easily transferred along with the
occupant, from chassis to chassis and on to other vehicles that
contain safe attachments, should be studied. The design of

other systems should be encouraged also.

6. Studies involving the effect of pressure on soft tissue

with respect to the prevention and management of decubitus



ulcers should be expanded and accelerated. This work should
include the development of improved seating and bedding and
effective techniques in their application. The body of knowl-
edge already accumulated in prevention and management of ulcers
should be made available widely by publication and formal edu-

cation programs.

7 Present movements to remove so-called architectural bar-
riers and to make public transportation more available

should be supported and accelerated.




PURPOSE AND GOALS OF THE WORKSHOP

James B. Reswick

After life-saving efforts and medical stabilization
of injuries and complications, the first-priority need for the
spinal-injured patient is mobility. In a very real sense, the
world first begins to open up again for him on the day he can
be transferred to a prone gurney or wheelchair, either motor-
ized or self-propelled. On this day he can demonstrate to
himself that some day he will be able to move about in his
home, leave his home for limited excursions in the immediate
environment, and eventually go to work and even travel through-
out the world. Much has been accomplished in the United
States and other countries toward providing spinal-injured pa-
tients with the necessary equipment to achieve these goals.
Attention has been paid to architectural barriers and even to
public transportation. But much more is yet to be done, and
it was the purpose of this workshop to bring together con-
cerned people--users, suppliers, developers, government agency
representatives, architects and counselors--to assess the
state of present affairs and to define and give priority to

what must be done in the future.
WORKSHOP ACTIVITY

On the first day of the workshop, papers were pre-
sented by invited speakers, which ranged from technical de-
tails of wheelchair design through government activities and
architectural considerations in the home and in public, to
psychosocial and learning considerations in using mobility
systems. Several of the speakers are themselves users of

wheelchairs.



James B. Reswick

For the second day of workshop activity, the main
body was divided into five separate groups which met by them-

selves and worked through the day. These groups dealt with

the problems of various categories of disability as follows:

Group I - People with no lower-limb function
Group II - People with no lower- or upper-limb function

Group III - People with no lower- and partial upper-1imb
function l

Group IV - People with partial lower- and partial upper-
limb function

Group V - People with special problems; i.e., cerebral
palsy, spina bifida, muscular dystrophy, and
multiple sclerosis

Each group attempted to answer the following ques-

tions:

4 How is each category characterized in terms of
functional disability?

2. What is the patient population of each category?
3 What are the needs of each group? That is, general

problems were to be translated into precise state-
ments of functional need.

4. In following patients in each category through the
various spheres of activity, what problems are en-
countered in:

Ambulation

Positioning and seating
Transfer

Use of nonlicensed vehicles
Use of licensed vehicles
Public transportation
Architectural limitations
Other

0 tho AN T

In considering these questions, a "sphere of activ-
ity" was defined to identify the range of problems
from those within the home enviromment to intercity




Purpose and Goals of the Workshop

transportation. The figure below illustrates this
sphere of activity and indicates that at all levels
the difference between rough terrain and smooth
terrain markedly affects the effectiveness of wheel-
chair users.

wlercity

smwoth Terrarn

Q//’—_\\CV
M rough Terrain

The reports of each group were presented by group
recorders on the third day of the workshop. These reports,
along with the first day's position papers, comprise the total

workshop report which follows.




SECTION I.  INTEREST AND ROLE OF:

VETERANS ADMINISTRATION
SOCIAL AND REHABILITATION SERVICE,
DEPARTMENT OF HEALTH, EDUCATION,
AND WELFARE

DEPARTMENT OF TRANSPORTATION




INTEREST AND ROLE OF THE VETERANS ADMINISTRATION

Eugene F. Murphy

The Veterans Administration (VA) welcomes the action
of the Committee on Prosthetics Research and Development (CPRD)
in arranging this conference on an important subject. T also
have a personal "old-alumnus" interest, having spent about nine
months, including a semester at school, in an old wooden three-
wheeled chair after polio in 1924, and a brief period in a
small chair of the type publicized by "Sunrise at Campobello"

after injuring an ankle at Warm Springs.

The Veterans Administration, of course, has several
areas of responsibility for wheelchairs and automotive adaptive
equipment. The listing of workshop groups implies a somewhat
broader interest than spinal-cord impairment (SCI) alone, so
perhaps it is fair to note the widespread use of wheelchairs
(and walkers) in hospitals for patients of many categories.
Most of these devices are simple, relatively standard items
procured through a supply depot and used concurrently by many
patients. Typically, hospital wheelchairs are propelled by the
occupant, mostly by hand rims or perhaps by one foot in the
case of an amputee or some hemiplegics, but sometimes an attend-
ant pushes the chair. A relatively few power-driven wheel-
chairs are used in VA Hospitals, primarily for quadriplegics.
Hospitals are usually free of architectural barriers to wheel-

chairs.

The VA prosthetics program, in contrast, primarily
supplies prescription wheelchairs personalized for individuals--
usually outpatients who face a wide variety of difficulties if
not barriers. Sometimes a hospital-type chair is prescribed,
but often special features such as special sizes, removable

arm rests, reclining backs, elevating leg rests, power and

9




Eugene F. Murphy

control features, etc., are needed. In addition to attempting
to eliminate architectural barriers, it is only realistic to
attempt to develop devices to manage some of the barriers that

remain.

The Veterans Administration also serves patients who
have a variety of handicaps that entitle them by law to allow-
ances for automobiles, generally with special adaptive equip-
ment such as hand controls, automatic transmissions, power
steering and brakes, manual dimmer switch, etc. It is appro-
priate that this conference consider the problems of registered

motor vehicles for use by the physically impaired.

Under a VA research contract, the University of Cali-
fornia is continuing refinement of a wheelchair with special
features developed partially under Social and Rehabilitation
Service (SRS) support. Mobility engineering is developing
driver and passenger safety appliances, especially seats and
restraints, for vehicles for the handicapped, particularly
vans for quadriplegics. Texas A&M University, with the co-
operation of Texas Transportation Institute, is testing exist-
ing automotive adaptive equipment, drafting safety regulations,
and developing new controls. Prast Research Associates are
just starting a contract for development of a crutchless walk-

ing device for paraplegics.

Dr. Peizer will sketch the extensive program in

mobility aids being carried out by the VA Prosthetics Center.

10



INTEREST AND ROLE OF THE VETERANS
ADMINISTRATION PROSTHETICS CENTER

Edward Peizer

We are particularly pleased that the medical and
rehabilitation problems of the SCI, discussed at the CPRD meet-
ing at Castle Point VA Hospital, have led so rapidly to this
workshop on mobility--one of the most critical elements in the
rehabilitation of SCI patients. We think Rancho a most fitting
place for this conference since it is among the most advanced

SCI treatment centers in the United States.

About four years ago, VAPC became responsible for
supporting the SCI treatment programs in VA centers. Our ini-
tial efforts were focused on evaluating and improving existing
mobility aids--a charge not too dissimilar from the one we have
in prosthetics and orthotics. However, VAPC is not a hospital
and to deal with these matters systematically our role grew to
include close cooperation with and responsibility for support-

ing the services of 12 VA SCI centers.

Our concept of mobility for SCI patients is very
broad. It is based on the notion that SCI makes the bed the
normal habitat of the patient: he needs human or mechanical
intervention to displace himself or, in thé case of the quadri-
plegic, to displace or manipulate objects in his environment.
We define the quadriplegic's needs in terms of both mobility

and manipulation. We conduct a multifaceted program which in-

cludes:

1. Development projects in our own laboratories to de-
vise new or improve older appliances as the need is
brought to our attention by clinicians and patients.

2% Evaluation programs to determine the utility of the

widest possible array of devices developed by others.
This program includes both laboratory and clinical
testing,

1.



Edward Peizer

3, Support of and cooperation with other groups which
are developing devices for the SCI patient.

4, Rapid deployment of useful devices into SCI treat-
ment centers and to outpatients--a program coordi-
nated through the 12 participating VA SCI centers.

5, Development of standards and specifications that
cover the safety, durability, and performance of
appliances.

6. Close coordination through CPRD with non-VA SCI
centers, such as Rancho, for mutual support in
development and evaluation.

The problem of mobility for patients prior to medical
stabilization, that is, immediately after injury, has not been
acute in the VA because those coming under our care have usual-
ly been through military hospitals. Nor have mobility problems
associated with employment been acute because of benefits the
VA provides eligible veterans. Nevertheless, we believe these
are vital problems and should be attacked with the same zeal as

others.

We are now either working on or supporting work in

the following areas:

1Ee Reestablishment of the Walking Function
Conventional mechanical orthoses and axillary crutch
systems for paraplegics are relatively heavy, consume too

much energy, and provide an unesthetic gait.

a. With CPRD we are planning an evaluation of the ILC

pneumatic orthoses ("Ortho-Walk").

bs VAPC engineers are working on the design of an elec-

tromechanical exoskeletal brace system.

e, We are cooperating with VA clinicians who are explor-
ing the application of functional electrical stimula-

tion (FES) to restore certain walking patterns.

12




Interest and Role of VAPC

Being discussed at this time, with a view toward
developing a project with several surgeons, is the
possibility of spinal bridging--obtaining electrical
information from the proximal portion of the cord
and feeding it--conditioned or raw--either to the

distal, truncated cord or to certain spinal roots.

Nonwalking Mobility Aids

a.

Certain paraplegics and almost all quadriplegics are

trapped" in bed and require help to be taken out of bed

and placed in a chair which is either pushed by an attend-

ant or driven electrically.

We have developed, in the sense of packaging the best
features of several, a high-performance powered
wheelchair system which is to be evaluated in coopera-

tion with CPRD.

We are supporting the development of a bed operated
by the patient which can be converted into a type of

chair for indoor use.

We are evaluating a class of intermediate 'vehicles"
which are neither conventional wheelchairs to which
power elements have been added nor licensed vehicles.
Somewhat akin to the golf cart, they offer faster
speeds, longer range, and greater hill-climbing

capacity.

We are developing and cooperating with others in the
development of remote manipulators for SCI patients.
This is a form of mobility in that it gives the pa-
tient control over the movement of objects, doors,
windows, food, switches, etc. We have developed our
own, and we are evaluating several other such environ-

mental control systems.

13



Edward Peizer

e. We have developed tentative standards and specifica-
tions for hand controls for driving automobiles, and
I think it fair to say that this is an area wide

open for development of more adequate devices.

i We have purchased and continue to purchase vans
equipped with elevators and hand controls. These
vans are turned over to SCI centers for evaluation
and for training veterans to drive. This program
has already demonstrated the need for safe driving
seats or chairs which perhaps should be part of the

system.

g We are developing a safe hold-down system for wheel-

chair users who may be passengers in a van.

Without going into further detail, I would like to
conclude my remarks on the VAPC program by adding that we are
contracting with the Paralyzed Veterans Association to conduct
a nationwide survey to determine the functional needs of quad-

riplegics who are living at home.

We are sure this conference will provide valuable in-
sights to these problems and suggest useful approaches to their

solutions.

14




INTEREST AND ROLE OF THE
SOCIAL AND REHABILITATION SERVICE

Joseph E. Traub

As a result of substantial advancements in technology
over the past several years, and the apparent potential for the
realistic adaptation and cost beneficial application of these
technologies to the needs of the handicapped, the Social and
Rehabilitation Service in FY-1972 undertook a major program com-
mitment in this area. This new program is called Rehabilitation
Engineering and has been designed to combine the efforts of med-
icine, engineering, and related sciences to improve the voca-

tional and self-care goals of severely handicapped.
BACKGROUND

In 1954, the Office of Vocational Rehabilitation (OVR),
through the Rehabilitation Act of that year, began the support
of research and training activities in the fields of prosthetics,
orthotics, and sensory aids. These research and training pro-
grams were responsive to the needs of the State-Federal program
in Vocational Rehabilitation which had for years purchased de-
vices and services for their clients locally with little or no
assurance of quality or effectiveness. In this respect, the OVR
joined with the Veterans Administration, the Army, the Navy, the
National Institutes of Health, the Children's Bureau, and the
Office of Education, in a closely coordinated program of research
and training. The program was designed at that time to focus

major emphasis on the problems of the amputee.

The total Federal program has been closely coordinated
over many years through the consultation and advice provided all
agencies by the National Academy of Sciences' Committee on Pros-
thetics Research and Development. As progress was made in cer-

tain areas, i.e., artificial limbs, and the manpower was developed

15




Joseph E. Traub

to undertake other problem areas, the program was expanded to
include orthopaedic bracing, mobility devices (wheelchairs,
etc.), and sensory aids (hearing aids, reading machines for the
blind, etc.). The total program has been quite successful in
spite of the very limited resources available and the difficul-
ty of coordinating and fully integrating research, manpower
development, and the delivery of clinical services. The
ultimate goal has been the improved delivery of more effective

services to people.

During the middle 1960s, a concentrated effort was
made by SRS to utilize wherever possible the advanced technol-
ogy developed in the U.S. space and defense programs. A joint
program was developed with the National Aeronautics and Space
Administration (NASA) whereby unclassified technology would be
made available to rehabilitation specialists for use in resolv-

ing complex rehabilitation problems.

Under this agreement a number of rehabilitation cen-
ters were identified and agreed to participate. NASA organized
five Biomedical Applications Technology teams. The B.A.T.
teams of NASA visited each participating rehabilitation center
and consulted with clinicians to identify problems which modern
technological information stored in NASA computers could help
to solve. Once the problem was identified, the B.A.T. team
would return to their base and search the computers for existing
technology which could be expected to provide a reasonable solu-
tion. When this technology was located, a package of written
materials was prepared and forwarded to the rehabilitation cen-

ter for their evaluation and possible application.

After eight years' experience, the program proved to
be of no substantial benefit to rehabilitation. Failure of
engineers and clinicians to communicate effectively their prob-

lems and solutions to each other blocked the successful transfer

16




Interest and Role of SRS

of available technology to rehabilitation practice. A more
realistic approach placed engineers, physicians, and related
scientists together physically in a clinical setting to work on
patient problems, establishing the necessary teamwork at a level
of expenditure that would produce cost-effective results and im-

prove communications between the disciplines.

Since well-defined and realistic accomplishments were
produced by the SRS research and training program utilizing the
team approach, this program was established as the core area
for an expanded program called Rehabilitation Engineering.
Througii working level meetings, the following specific areas of
interest were delineated to distinguish between the Biomedical
Engineering Program of the National Institutes of Health and the
Rehabilitation Engineering Program of the Social and Rehabilita-

tion Service:
SOCIAL AND REHABILITATION SERVICE
i Artificial limbs--both internal and external

prosthetic replacements

2 Orthopaedic braces--both internal and external
orthopaedic assistive systems

35 Amputation and reconstructive surgery

4, Mobility aids for orthopaedically disabled persons—-
wheelchairs, automotive systems, etc.

5. Mobility and communication aids for the blind and

deaf

6. Architectural barrier removal for the severely
disabled

7. Fundamental studies directly goal-oriented to re-

habilitation in the above areas.

NATIONAL INSTITUTES OF HEALTH

% Life-saving devices, i.e., artificial hearts, renal
dialysis, heart-lung machines, etc.

2. Facility engineering--automated hospitals and
patient monitoring equipment

17




Joseph E. Traub

Surgical and medical instrumentation, etc.

Implantation materials for vessel and organ

synthetic grafts, coverings for electrode implants,

ete.

In order to avoid any but planned duplication, these
working-level relationships must continue. This unofficial ar-
rangement has encouraged excellent rapport between the agencies
and has eliminated much of the past unnecessary duplication of
research. In addition, many areas of SRS research utilize
products of the NIH program, such as materials for maxillofacial

prostheses, artificial kidney machines, etc.

In the past year, similar arrangements have been
worked out with the National Science Foundation (NSF) and its
Research Applied to.National Needs (RANN) program, as well as
with the Department of Transportation and the Department of

Housing and Urban Development (DOT and HUD).

RESEARCH AND DEVELOPMENT STRATEGY
AND LONG-RANGE PLANS
Since the multiplicity of problems confronted by Re-
habilitation Engineering is so great, and it has been proven
that closely coordinated project grant research can be very
productive, it follows that both the Rehabilitation Engineering
Centers program and the project research grants program are de-

serving of support.

As a result, the research issues developed in both the
Fiscal 1972 and 1973 Research Strategies proposed a broad-scale
attack upon many problems of the target populations of SRS. The
Rehabilitation Engineering Centers and project grant research
program together are seen as a reasonable administrative ap-
proach. The strategy has been developed to be responsive to the
(goals of the) Long Range Plan for 1975-79 developed by the Re-

habilitation Services Administration which states as follows:

18



Goal

Goal

Goal

Goal

gineering
a.

b.

Interest and Role of SRS

1 (Supports SRS Self-Support Goal)

To provide services to all disabled persons where
such services can lead to full or partial partici-
pation in the labor force.

2 (Supports SRS Community-Based Alternative Goal)

To assist the States to develop and implement a com-—
prehensive interagency plan to improve and expand
supportive community services, improve quality of
residential care, and provide community-based alter-
natives to institutional care for the developmentally
disabled. Included is a 1/3 reduction in the DD in-
stitutionalized population by 1979.

3 (Supports SRS Self-Support Goal)

To assist other public and private agencies to elimi-
nate or reduce the impact of barriers in architec-
ture, housing, transportation, job opportunities, and
recreation so that the handicapped may participate
more fully in society, contribute as citizens, and,
to the extent individually possible, become produc-
tive in the economy.

4 (Supports SRS Self-Care/Family-Care Goal)

To provide services to those severely disabled persons
not expected to be able to enter the labor force which
will permit them to function more effectively as indi-
viduals and which will reduce their dependency on
society.

The research strategy for FY 1972 Rehabilitation En-

develops the following variables for study:
Physical and vocational requirements of the disabled

Available technologies and how they can be adapted to
the needs of disabled

Evaluation systems
Service delivery systems
(1) a and b above require high concentration of

effort immediately to determine what the dis-
abled need, can accept, and can use.
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(2) Evaluation systems are necessary to identify
successful research and move it as soon as
possible toward the service providers.

(3) New and improved service delivery systems must
be designed that will provide the ultimate in
rehabilitation potential while at the same time
reducing costs of individual programs in order
that the total population in need of these ser-
vices can have them available.

TARGET POPULATION (Figures represent number
of persons located throughout the country)

a.

o

a0

o

3

The Spinal-Cord Disabled--there are various estimates
as to the number of spinal-cord disabled in the U.S.
with no positive data. However, best estimates based
on several surveys place the numbers in this group
between 500,000 and 1,000,000 persons.

Amputees-- 375,000
Paralyzed and/or Deformed--3,000,000
Blind—- 1,280,000
Deaf-- 1,705,000
Deaf-Blind-- 40,000

GENERAL SYSTEMS QUESTIONS TO BE STUDIED

a.

Can the establishment of a national system of Rehabili-
tation Engineering Centers in combination with project
grants in Rehabilitation Engineering produce a business
plan for the movement of research developments through
clinical evaluation and professional continuing educa-
tion programs directly to service delivery programs
where technology for the handicapped can be beneficial

to their needs?

Can the orderly application of modern technology to
the needs of the handicapped produce a truly cost-
effective service delivery system, and make available
the benefits of high technology to a substantial num-

ber of the population?

20




Interest and Role of SRS

e What ways can be demonstrated to make market potentials
attractive to industry so that technological develop-
ments can be applied to the needs of the disabled at

reasonable cost?

d. How can Rehabilitation Engineering technology be uti-
lized in the vocational rehabilitation of the disabled
so that those benefiting from the services are rendered

more employable?

SPECIFIC RESEARCH GOALS

To develop cost-benefit data on the use of Rehabilitation
Engineering technology in the rehabilitation of the dis-
abled.

To demonstrate the use of Rehabilitation Engineering as a
means to permit the disabled to become employable and to

remain employed.

To develop modular adjustable prosthetic and orthotic sys-
tems which will be more cosmetic, lighter in weight, inter-

changeable, and less expensive.

To develop neuromuscular pattern-recognition techniques
that will be applied to the disabled to produce the control
of externally powered devices which function to perform

tasks at the patient's will.

To utilize the technique of functional electrical stimula-
tion of muscles and nerves to overcome both motor and sen-
sory disability through the use of the remaining neuromus-

cular system, including the control of spasticity.

To develop devices and systems to reduce the disabling

conditions associated with chronic back pain.

To develop reading machines for the blind--to convert ink

print to audible phonetic speech.
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To develop mobility devices for the blind and the deaf that
will enable them to move safely and efficiently in the total

enviromment.

To replace disabled or destroyed anatomical joints in the
body with artificial joints that are implanted and are bio-

mechanically and biochemically functional.

To replace diseased or destroyed muscles and tendons with
synthetically produced substitutes which will drive the re-
maining anatomical structure and be both biomechanically and

biochemically functional.

To develop communication systems for the deaf-blind which
will allow them to lead independent and vocationally suc-

cessful lives.

To develop improved external orthotic systems which will be
more cosmetic, lighter in weight, interchangeable and less

expensive.
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INTEREST IN PERSONAL MOBILITY
DEPARTMENT OF TRANSPORTATION

Ira Laster, Jr.

For many of this nation's handicapped population, the
unavailability together with the inaccessibility of transporta-
tion, either public or private, severely limits their ability
to find and hold jobs, to obtain regular medical care, further
their education, shop at competitively priced markets, and en-
joy the everyday social and recreational opportunities available

to the rest of the population.

While we in the Department of Transportation (DOT) are
firmly committed to actions which will stimulate the country to
provide transportation which responds to the needs of all citi-
zens, we bear a special responsibility for improving transporta-
tion for the mobility-limited, many of whom cannot or do not
drive, have limited financial resources, and whose needs for
mobility may not be served by existing means or modes of trans-
portation. The work that has been done by DOT to date repre-
sents a mere beginning of efforts to provide suitable, economi-

cal transportation for this nation's handicapped population.
ACTIVITIES OF DOT

The U.S. Department of Transportation's first major
action to improve transportation for the physically handicapped
was taken in 1969 with the funding of a study of the transpor-
tation needs of the handicapped. The study, which was conduct-
ed for the Department by Abt Associates of Cambridge, Mass.,
represented the first serious attempt to identify barriers to
travel by the mobility-limited, and to recommend approaches to
overcoming those barriers. The study report, entitled Travel
Barriers: Transportation Needs of the Handicapped, has been

widely circulated among transportation planners and individuals,
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and groups concerned about improving transportation services for

the handicapped.

Since release of the Travel Barriers report in 1969,
the Department has supported a variety of research and demonstra-
tion projects aimed at making public transportation more acces-
sible to the mobility-limited. Research and development activi-
ties have focused on equipment design, and the modification of
related facilities aimed at eliminating barriers which impede
mobility in those modes of transportation for which the Depart-
ment has a responsibility. For example, the Department's Urban
Mass Transportation Administration (UMTA) has supported research
which has resulted in the modification of rail rapid cars and
station facilities and in the modification of buses of various
sizes, so as to increase their accessibility to the infirm and
aged. 1In addition, UMTA has supported a variety of demonstra-
tions aimed at discovering new service approaches for responding
to the special needs of the handicapped and elderly. Miss Cass
will present a more detailed description of the urban Mass
Transportation Administration's activities to improve equipment

and services for these population groups.

With respect to aviation, the Federal Aviation Adminis-
tration (FAA) within the Department of Transportation has pub-
lished an Airport Medical Design Guide which, if used in conjunc-
tion with a previously published advisory circular on eliminating
barriers in airport terminals, provides the airport operator with
the necessary information for designing airports which are fully
accessible to the physically handicapped. The FAA has a rulemak-
ing action under review directed toward developing uniform
criteria for transporting mobility-restricted persons in civil
air carriers. FAA expects to finalize the rulemaking process by

issuing a regulation sometime during the first half of this year.
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The Federal Railroad Administration (FRA) is working
cooperatively with Amtrak to assure that new equipment and new
or renovated terminals include provisions for facilitating move-
ment of mobility-limited persons. For example, in a recently
awarded contract for the design of a suburban train station just
outside of Washington, D.C., the contractor has been given in-
structions to take into consideration the special needs of the
physically handicapped. In addition, the special needs of the
handicapped continue to receive attention at the FRA test center
in Pueblo, Colorado. A major activity of the center is the
testing of the capabilities of conventional and advanced-design

passenger equipment.

With funds provided by the National Highway Traffic
Safety Administration, 13 states have driver-education projects
for the handicapped as a part of their highway safety programs.
The projects cover a number of different facets of training han-
dicapped drivers, such as curriculum development and evaluation,
purchase of prosthetic devices, audiovisual equipment, and soft-
ware (e.g., captioned films for deaf students). Also, there are
projects which include mobile simulators, modification of
driving-range equipment, and in-service teacher-training work-
shops. Further, with respect to highways, the Federal Highway
Administration encourages states to build highway rest-area

facilities so as to accommodate persons confined to wheelchairs.
LEGISLATION

In the area of legislation, the Federal-Aid Highway
Act of 1973 contains several provisions which augment the De-
partment's ability to improve transportation for the mobility-
limited. The provisions which offer the greatest opportunities
for improving transportation services for the physically handi-

capped are as follows:
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One provision, amending the Urban Mass Transportation

Act, authorizes the Secretary of Transportation to make

grants and loans to private nonprofit corporations and

associations for the specific purpose of assisting them in

meeting the special needs of elderly and handicapped per-
sons for whom mass transportation services otherwise pro-
vided are unavailable, insufficient, or inappropriate.
This is a significant enlargement of the Department's
authority to help the private sector supplement public

transportation services for the handicapped.

A second provision requires that state highway safety

programs submitted for departmental approval must provide
adequate access for the safe and convenient movement of
physically handicapped persons across curb cuts construc-

ted or replaced after July 1, 1976.

A third provision in the statute authorizes a rural

public transportation demonstration program which provides

an opportunity for addressing the transportation problems

of the rural handicapped population.
DOT INDIVIDUAL MOBILITY ACTIVITIES

The Department of Transportation's activities to im-
prove transportation services for the handicapped and elderly
have been directed primarily at making transportation systems
accessible to these population groups. However, for a little
more than a year and a half, the Department has received in-
quiries from individuals and institutions about possible fi-
nancial assistance for support of research and development
aimed at designing, building, and evaluating individual
mobility devices or pedestrian aids which can be used by

severely disabled individuals to enable them to move about,

either under their own auspices or with minimal assistance from

able-bodied attendants. The types of individual mobility
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devices for which aid has been sought include: powered wheel-
chairs with special control switches, automobiles that have been
modified so as to accommodate drivers who desire to remain in
their wheelchairs, and wheelchairs that will climb and descend

stairs.

As a result of the inquiries mentioned above, together
with a general awareness and concern among departmental offi-
cials that we have a responsibility to provide safe, efficient,
and convenient transportation for as many of the population as
can effectively utilize it, a departmental task force was formed
last summer to examine whether and to what extent the Department
should become involved in activities to facilitate mobility of
individuals, as distinguished from the features of transporta-
tion systems which accommodate the systems to such individuals.
The task force's assignment was: first, to determine whether
the Department had the legal authority to deal with the problem
of mobility of individuals; second, to examine the dimensions of
the problem; and third, to assess what has already been done in
this area. Our presence here represents one among a variety of

efforts to accomplish the lastmentioned task.

Our present view is that we want to be helpful to DHEW
and VA in their efforts with respect to individual aids while we
continue our efforts with respect to transportation systems and
the accessibility to these systems. In some cases, we might be
undertaking research on individual aids in selected cases, pri-
marily in relation to transportation systems (e.g., how viable
is a stair-climbing wheelchair as an alternative to an elevator
or an inclinator in a subway station?). We would also hope to
be of assistance to DHEW and VA with respect to their efforts

regarding the safety of devices for handicapped in automobiles.

I hope that this workshop will assist us to work with

all concerned in facilitating mobility of the severely disabled.
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MOBILITY FOR SPINAL-CORD-IMPAIRED PATIENTS

W. M. Motloch

The mobility system discussed in this paper is designed
primarily for paraplegics. Considered are not only the physical
attributes of the patient and characteristics of the terrains and
distances involved, but also, and perhaps more important, the
methods of donning and removal, transfer to and from devices, and

compatibility of components within the overall system.
INTERCONNECTING LINKS

For the most part, the modular concept has not been ap-
plied to the mobility and transportation problems of the physical-
ly handicapped. Isolated all-purpose units have been sought with-
out much attention being paid to interconnection of compatible
units to meet the various needs of individual patients. To be
useful, these compatible units, or modules need to be equipped

with connectors that can be operated effectively by the patient.
MODULE I--SHORT-RANGE MOBILITY

Walking, even short distances, with current devices is
not practical for virtually all patients with spinal-cord impair-
ment. The patient's ability to maneuver is limited to a small
area. The fine movements which are required to locate oneself
within the reach of an object, be it located low, high, or in an
obstructed position, are often unattainable. To date our concept
of Module I can be represented by a crutchless, standing orthosis,
with pivot-walker and crutches (Fig. 1). An arrangement of this
type allows the patient to maneuver in confined areas and narrow
passageways, and see and work from a standing position. While
pivot-walking without crutches is possible in spaces like bath-
rooms, or kitchens, the rougher terrain and longer distances have

to be transversed with the use of crutches. This type of Module I
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SHORT RANGE INTERIM RANGE LONG RANGE

MODULE I MODULE IT MODULE IIT
DISTANCE -FEET -YARDS. -MILES.
TIME -SECONDS. ~MINUTES. -HOURS.
SPACE -ROOM, OFFICE. ~CITY, INTERCITY.
(CONFINED) ~HOME, NEIGHBOURHOOD. -SITTING
MODE ~UPRIGHT. -SIT/STAND. -PRESENT FORMS OF
DEXTERITY -FINE. PRECISE. -GROSS (NOT TOO PRECISE) PUBLIC TRANSPORT.

Fig. 1. Ambulation

is not only versatile in short-range activity but offers a wide
choice for connecting directly with other modules. It thus
should be possible for the patient to remove himself from a
wheeled transporter--Module II (Fig. 1), place the transporter
in the trunk of a car, and then move to the seat of the car.
This kind of freedom to interconnect with different components
in the transportation system in fact is utilized by the able-
bodied all the time. We walk to our car (short-range activity),
drive the car to the airport's parking lot (long-range activi-
ty), and then walk (short-range activity) to the airport shuttle
bus, which moves us across the interim distance so that we are

within walking distance of the ticket counter.

HUMAN MODULE

The mobility units should receive the human frame as a
living organism with many physiological, psychological, and bio-

logical needs--not as if it were a static object. The person
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and his machines should form a dynamic mobility system which
facilitates such functions as programmed relief of weight-bearing
areas, exercising, general changes in posture, and other move-
ments that play a great part in maintaining a good physical state

and healthy mental attitude.

MODULE II--INTERIM-RANGE ACTIVITY

The intermediate range of transport (Fig. 1) involves
bridging the gap between the short and "public'" transport systems.
Most often Module II would consist of a wheeled transporter (wheel-
chair, cart, scooter, etc.). Whether the unit is externally
powered or not will depend on the patient and the distance and ter-
rain to be covered. This usually limits the range to several city
blocks. The barriers most often encountered are curbs, steps, nar-
row passages, and rough terrain. The interesting point concerning
Module II is that while the distance and time to travel are rela-
tively short, the patient often uses this module as a base from
which to work or rest, and therefore the ambulation time represents

only a small portion of the actual usage time.

At the Ontario Crippled Children's Centre, we are
presently experimenting with unique designs of Module II, the func-
tions of which provide means of quick connect/disconnect to Module
I, and include sit/stand, sit/recline, and possibly curb-climbing
attachments (Figs. 2 through 6). All of this equipment is being
developed primarily for the teenage spina bifida patients, but obvi-

ously it or variations should be useful to other types of patients.

MODULE ITI--LONG-RANGE ACTIVITY

Generally, mobility for long-range activity (Fig. 1) will
be provided by Module III (car, boat, plane, etc.) along the exist-
ing routes of "public" transport (highways, railroads, airways). It
may be necessary to standardize or even modify, in some instances,

both "public" transport and the system for the handicapped to make
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Figs. 2 and 3. Center of
gravity (C.G.) chair. Reclining
and sitting positions. The semi-
prone posture transfers the
weight-bearing area from the seat
to the back.

Figs. 4, 5, and 6. The OCCC stand-up chair. The functions of
sit/stand, sit/recline, quick connect/disconnect and possibly curb
climbing will be built into this wheeled transporter.
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them compatible. Devising methods for connection to systems for
the able-bodied is of great importance-—it would certainly re-

move any barriers to independence.

SUMMARY

It is my opinion that a person's life-style revolves
around the ability to manipulate the enviromment at close range
and, while a mammoth task remains in the area of connecting to
"public" transport and creating ingenious Module II-type de-
vices, very little benefit will be realized by the patients un-
til the Module I-type device and the mobility provided is
meaningfully integrated into the total, modular system of

mobility.
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POSITIONING AND SEATING

John Rogers

Because the results of most of the research on
pressure on soft tissues is well documented, I feel that it will
only be necessary to bring you up to date on the problem of
tissue-trauma brought about by exessive pressure, and then em-
phasize the relationship between patient-positioning and break-

down of tissue.

About six years ago, our efforts in measuring pres-—
sures developed in artificial-limb sockets led to the develop-
ment of special solid-state transducers and then on to a simple
pneumatic transducer which has proven to be useful in measuring

pressures in the conduct of our Tissue Trauma Pressure Clinic.

The Tissue Trauma Study Group (TTSG) has been expanded
from one engineer to a team which includes a plastic surgeon,
three orthopedic surgeons, one orthopedic resident, three physi-
cal therapists, one research assistant, and a rehabilitation en-

gineer.

A typical pressure sore that has developed on the tro-
chanter because side positioning occurred beyond the time allow-
able is shown in Figure 1. This is typical of the pressure
sores that we see. They usually develop from sitting or lying
on one spot so long that the blood flow is affected, but they

may occur in some types of peripheral vascular disease.

The pneumatic transducer shown in Figure 2, originally
developed in the prosthetics program to determine interface
pressures, is made up of a grid of contact points, and is placed
under the ischium or over large bony prominences. This simple
transducer has been used extensively in our Pressure Clinic, and

is critical to the success of the Clinic.
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A hand-held read-
out device indicates peak
pressure (Fig. 3) between
the sole of the foot and a
shoe insert (Fig. 4). A
pneumatic transducer with

the readout (Fig. 5) is es-

pecially designed to monitor
the interface pressure under
bandages and casts (Fig. 6).
Because of the ability to
monitor pressures objective-
ly and to define suitable
pressure-relief paddings,

the Pressure Clinic directed

Fig. 4
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by a physical therapist was established. A typical scene

involving seating and positioning is shown in Figure 7.
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A report of a study that was conducted several years
ago, evaluating various types of cushions for wheelchairs, has
been published in the Bulletin of Prosthetics Research (2). A
report on positioning and the findings that we have obtained
from the Pressure Clinic will appear in the first revision to
the Orthopaedic Appliances Atlas, Vol.1, to be published in
1975. (A copy of the manuscript can be made available.)
Another article to appear in the same publication will discuss
hand controls for the handicapped which can be used to deter-
mine transportation requirements for patients (5), and copy is
available. A three-year follow-up study of a special cushion
was conducted by an orthopedic resident and is available from
the Rancho library. Another device reported upon by TTSG is
the trunk support. An article on this item appeared in the
American Journal of Occupational Therapy last year (1). 1In
addition to these reports, the periodic reports of the Rehabil-
itation Engineering Center contain details of the methods used

by TTSG.

Some of the work we have done to date on quantitating
some of the variables used for fitting patients is discussed
below.

As you all probably know, Dr. Paul Brand has been
studying breakdown of tissue of patients with leprosy in India
and in Carville, Louisiana. Through his efforts and those of
Mr. Tuck in England, Plastazote was introduced as part of a
method to distribute forces over tissue. Dr. Brand is also re-
sponsible for first using temperature differentials to indicate
the viability of tissue. From these initial concepts the Tissue
Trauma Study Group has conducted studies with specially designed
temperature /pressure probes (TEMPRESS).

Figure 8 illustrates differential temperature changes
resulting from pressures of 700 mmHg applied for approximately 20

min. and then released. This differential-temperature response
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has been correlated somewhat with the pressure versus time allowed
before breakdown (Fig. 9) in Figure 10. It should be noted that
as pressure is maintained for longer periods of time the differ-
ential temperature tends to remain elevated when pressure is re-
moved, indicating potential breakdown. For example, at 100 mm

the patient can quite reasonably be expected to be able to sit
for two hours without risk. '

Fig. 8

We haven't found all the answers, We are busily en-
gaged in investigation of correlation of temperature differen-
tials with various aspects of tissue breakdown so that we can
define those limits beyond which tissues begin to break down;
and, of course, we are correlating those findings with thermo-
graphic and other pressure studies. Shoe inserts, bed pads,

wheelchair cushions, and other types of padding or interfacing
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material are being reviewed for molding characteristics, for
energy-absorption abilities, and for other properties. Tests
are continuing on foam characteristics to match pressure re-
lief. 1In addition, we are looking at dressing-patient inter-
face pressures (5-30 mm Hg), and we are measuring pressures
underneath casts, orthoses, and other devices. With the sur-
gical team that we have in TTSG we are able now to study the
problems associated with flap closures over tissue-trauma
sores. Of course, we worry about lines of stress as well as

the closing pressures across the flap.

Various devices now in development include a tissue-
tension meter, a vacuum-limiting device, and a cycling tester
for evaluating the life of the materials under repetitive
loading. We would like also to develop a temperature-differen-
tial readout device that will be more suitable for clinical use

so that it will be readily available to everyone.
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LEFT TO YOUR OWN DEVICES:
The State of the Art of Wheelchair Design

Ralf Hotchkiss

An ideal mobility device should enable a person to use
all of his strength and coordination to carry out every part of
living that is theoretically possible. If one has a fair degree
of arm strength, for example, the problem is not a lack of power
but a lack of a way to apply that power. In this case, a good
machine should enable the occupant to move about freely on a
smooth surface or past any array of obstacles while carrying at
least one pot full of hot tea; kneel down under the sink to fix
the plumbing; lean over the engine compartment to do repairs; or
stand up to the top shelf so quickly as to not mind picking up
everything you drop; pay surprise visits to friends on the third
floor with narrow doors; chug through the snow; or hike in the

woods.

The main problem in realizing all this is that there is
little serious work going on in the development of the necessary
hardware. Many independent inventors are tackling one or
another basic deficiency of wheelchairs but, judging from their
patents, except in a few instances most new designs create more
problems than they solve. The wheelchair industry is doing even
less. Led by Everest & Jennings, they have been only gradually
debugging the basic designs introduced in the Thirties, Forties,
and Fifties by the founding partners. The only competition that
exists in the industry is based primarily on marketing--not on

basic function of the wheelchairs or even seriously on price.

The smaller companies, apparently, are happy not to
compete on price because they can make more money selling a few
wheelchairs at current American prices than they could selling

more at a price more closely tied to manufacturing costs.
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The manufacture of a wheelchair is somewhat comparable
to that of a Schwinn bicycle, but on a smaller scale. What
wheelchair manufacturers save in gears, chain, and steering
mechanism, they lose in casters, greater number of brazed joints,
and chrome plating. If the $80 price of a 3-speed Schwinn is
doubled to allow for smaller production, one approaches the $180
price of an Everest & Jennings sports-type wheelchair available
in England today. This English Everest & Jennings model is a
fairly good machine in comparison with present-day wheelchairs.
Unfortunately, E. & J. does not allow this model to be shipped
to American customers. The nearly identical model Americans are

allowed to buy has been given the inexcusably high price of $566.

It might appear that E. & J., with its comfortable
market position, would not be likely to carry out the kind of
NASA-type project which is necessary to study the spectrum of
disabilities and generate whole families of liberating devices.
But E. & J.'s market position has been slipping considerably;

perhaps now there is the economic incentive.
ASSETS

The most important and most overlooked step in gener-
ating a new mobility device is to understand thoroughly the
characteristics of the present devices. As they are now, wheel-
chairs allow most users the barest chance to be self-sufficient;
to lose any of their peculiar set of attributes, even if another

is gained, is generally disastrous.

Keep All
Weight: 30-60 pounds
Width: 19-26 inches
Length: 42 inches

Folds to fit behind car seat
Rolls over minor obstacles

Turns on a dime
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Of particular importance are the width and the folding
feature. The new machine should fold in such a way as to fit
behind the seat of a two-door car, because most independent
wheelchair users travel this way. The width of most present
wheelchairs is too great, so any new device that is still wider

will be useless in most places.
DEFICITS

The deficits of present wheelchairs can be divided in-
to two categories: easy, for deficits that could be eliminated
from the present designs; and difficult, those that require sig-

nificant changes or which require completely new machines.

[Electric wheelchairs are not discussed here. To cover
the explosion and fire hazards, thermal hazards, in-
comprehensible control-box-width problem, electrical
problems, drive-train problems, foreign-trade problems,:
and power-waste problem of the current electrical
wheelchairs requires another paper. ]

Remove Any
Easy Difficult
Reduce width Curb climbing
Strengthen and lighten frame Shorten chair
Lessen rolling resistance Kneeling, bending, standing
-downhill steering One-hand operation

—-caster inefficiency

-caster shimmy Rough ground and snow mobility

Strengthen wheels Staiz clinbing

Snow mobility

WIDTH

The most important change, easy or difficult, is reduc-
tion of the width. Excess width is the single most debilitating
aspect of modern wheelchairs. The average wheelchair forbids
its owner full access to critical parts of most private homes and

public facilities. Indeed, there are not many other places to
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go. In a recent survey by Project Volunteer Power of the
President's Committee on Employment of the Handicapped, the
manufacturers who chose to respond unanimously said there was
no serious problem. Several stated that the average door width
is 30 inches. That may be true, but the average building has
critical doors which are only 22 inches wide--and if you can't
use those doors, you can't enter the building. The most common
wheelchair for "independent" living--the E. & J. standard size,
removable arm, Premier--is 26% inches wide. It can be narrowed
momentarily by a crank-type '"'marrower," but not to 22 inches.
In addition, the mechanism for adjusting the width is slow and
cumbersome, and it can't be used by many otherwise independent

quadriplegics.

Fig. 1. The E. & J. standard size, removable arm, Premier.
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For the vast majority of wheelchair users, then, most
buildings are inaccessible, But the width problem is not a
technical one. It can be seen from the anthropomorphic data
that a 50th percentile person could fit into a seat 13-3/4 in.
wide (with 14 in. upholstery to account for the seat sag). Such

L
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5 %ile 50 Zile 95 Zile

A. Knee height 19.40 21.37 23.29
B. Buttock-knee length 21.46 - 23.33°: 25.35
C. Seat breadth 12,10 13.74 15.78
D. Back adjustment 2,30 295 3.57
E. Arm reach (to knuckle)

(joint-to-joint)* 26.70 29.03 31.40
F. Shoulder breadth

(joint-to-joint)* 12.82 13.84 14.68

G. Back height (joint-to-joint)* 17.14 18.90 20.70

* Joint-to-joint measurement derived from standard anthro-
pometric measurements. All dimensions are in inches.

Fig. 2, Anthropometric measurements.
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widths are available, but their use has so far been effectively
discouraged by providing only two widths for immediate delivery
and mislabeling the 16 in. which fits 95 percent of the popula-

' and the one 2 in. wider as "standard." A

tion as "narrow,'
similar move for the convenience of the clothing industry would
provide only extra-large and XX-large clothing. Proper wheel-

chair fitting, which is likely only if it is urged by the wheel-
chair industry, could save most users one to two inches of over-

all width.

Another one and a half inches can be saved with the
wraparound removable arm. The many years' delay in reducing
the unacceptable width of the removable-arm chair is poor tes-
timony to the ingenuity and concern of at least Rolls and E. &

J. personnel.

These two measures, both using existing technology,
can make it possible for the majority of wheelchair users to

negotiate 22 in.-wide doors.

Properly built spoke flanges on the wheels would save
another inch by keeping the wheels in proper alignment, and the
one—-inch wheel-wobble clearance now required by the Veterans
Administration could be halved safely. This step would bring
bring over 95 percent of wheelchair users within the 22-in.
overall width, giving them access to most places now inacces-
sible. None of the good features of present models needs to be

sacrificed to permit reduction in the width.
SPOKES

One of the greatest nuisances of wheelchair mainte-
nance is spoke breakage. This came as quite a surprise to me,
after years of highly competitive bicycle racing where I exper-
ienced no broken spokes except as a result of direct impact.

Wheel spokes, even the heavy ones, on many wheelchairs often
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become loose soon after tightening, and break in large numbers
for no apparent reason. As any good bicycle mechanic can tell
you, the trouble is not weakness of the spokes but rather in
the hub design. The holes for mounting the spokes are too big
and the metal is so thin that the bent shaft near the head of
the spoke is allowed to straighten out, the spoke loosens, and
eventually breaks. This problem is present on all American

E. & J. wheelchairs I have seen, but not on the German E. & J.

models or some of the other American brands.

o ?
S
S | A

Use of a proper bicycle hub would strengthen the wheel
enough to keep the rims in aligmment much better, would permit
the use of lighter spokes, and decrease the need for stocking
spokes of many diameters. Thus, any bicycle shop could handle

spoke repairs with their normal stock.
WEIGHT AND STRENGTH

The need for lighter wheelchairs has long been recog-
nized; light weight and the X-frame were the bases for E. & J.'s
first patent in 1937. The wheelchair industry has responded
well to this need by thinning out the steel to an optimum point.
There is some possibility, though, that both lower weight and

higher strength may be achieved through more basic changes.
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Fig. 4. E. & J.'s first patent (No. 2,095,411--Oct. 12, 1937).

Around the turn of the century, bicycle manufacturers
recognized that bicycle frames could be made much lighter and
stronger if the frames were connected with lugs which withstood
the concentration of shear stresses near the tubing junctions.
These lugs did the job better than the brazed joints used on
older-style bicycles and newer wheelchairs. Perhaps this fram-
ing technique has been tried. If it has been tried but made no
difference, I would suspect that it is because the wheelchair
is not designed to take advantage of the strength of its tubing,
regardless of the stability of the joints. A bicycle, for com-

parison, is a simple double triangle with most of its forces
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B

Fig. 5

applied to stretching and
compressing the tubing. A
wheelchair is a mess of mis-
cellaneous plumbing with
footrests, casters, and main
wheels applying forces in

many directions.

A classic case of
failure occurs in the X-
frame, in which the X-frame
bends or breaks in half
while the chair is coming
down from a curb. The

force of the rider pushing

down on the seat (and the ground pushing up on the wheels) is

concentrated in the X-frames, causing them to bow. Because of

this circumstance, X-frames must be made heavier than the other

tubing in many chairs, A tensile connection near the bottom of
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the X-frame would make the bottom triangle rigid, cutting the
flexing force at least in half. This may be of value, but more
to the point it would be studying whole new frames and framing

technologies.
ROLLING RESISTANCE

A wheelchair, for all the mobility it is called on to
offer, is the least efficient, human-powered land vehicle made.
It not only rolls quite poorly on coarse pavements, but even
under normal conditions it makes use of only a small fraction
of the energy supplied to it because of the high resistance to

rolling.

The reason for this is that the weight on the front
casters turns them downhill. Thus, on an ordinarily tilting
sidewalk or street, in order to travel in a straight line, the
user must drag one hand and push ridiculously hard with the
other. Pushing a well-tuned wheelchair at a jogging pace is
easy for most users on a perfectly flat surface, but even a

sustained walking pace is difficult on sloping pavement.

Some solutions to this problem have been tried, but
most impede the indoor maneuverability of the wheelchair in
some way. A concerted effort to eliminate downhill turning
must be made if the wheelchair is ever expected to become a

worthwhile machine for outdoor mobility.

Most of the wheelchair's rolling resistance comes
from the front wheels. Their inefficiency can be visualized by
imagining pulling a full-grown person in a toy wagon (its
wheels are like wheelchair caster wheels) over a grainy side-
walk and comparing that to the energy required to propel the
same person at the same speed down the same sidewalk on a
racing bicycle. The European E. & J. wheelchairs have pneu-

matic caster wheels which roll much better than anything
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offered here. They should be made available everywhere.
Increasing the diameter of the front wheels would help too--if
anyone could figure out how to do it without increasing the

wheelchair length.

A centered wheelie-bar can help

with the rolling resistance, downhill (~r\/
steering, and curb-climbing problems--but QEEE
only with riders who are courageous enough

S

to use it.

Caster shimmy seriously de-
creases speed, and sometimes causes in-

stability and upsets when it happens on a s

0

steep hills. Bronze caster pivot bearings 7y,

4

have been used to absorb the oscillation,

o

but often they don't work unless the fork
nut is carefully, and frequently, tight-
ened. This in turn causes rapid wear of

the upper pivot bearing.

I would suggest washers of auto-
motive brake lining placed below the nor-
mal ball bearings. After a day's oiling
and breaking in, their friction is hardly
noticeable, yet shimmy is no longer pos-
sible. Their damping force can be varied
if necessary by changing the diameter of e

the brake-lining washer.

CHAINS

It may not seem critical to residents of the Los
Angeles area, but for a good part of the year thousands of wheel-
chair users are totally immobile outdoors. A good snow-traction

device, if available, would make a great difference in the
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Traction Cleats

11/4in. /—Traction Cleats

Spok
S 15/8in.

traveling speeds of many of these people, even if they still
couldn't move very fast. Clamps swinging out from between the
spokes, or hooks going over the tires, are possible traction de-
vices. Both methods should be investigated. A traction-produc-
ing device would be of great value even if the going was slow,
because snow usually comes in small patches; i.e., shoveled
streets and sidewalks but poorly cleared driveways and parking

areas.
CURB CLIMBING

Many curb-climbing devices have been tried; the best
one that I have tried or seen is the Coffee device. I under-
stand that Aztec Company is no longer in business. If Coffee
has no further plans, I recommend that his device be taken over,

refined, and marketed.

LENGTH

After width, length is the primary impediment to
maneuvering effectively in indoor situations. A wheelchair

ideally should not stick out ahead of the user any more than a
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kitchen chair does but, because of the area needed for the

casters to pivot, the footrests must extend about 12 in. forward
of the seat, thus preventing close access to closets and corners
and requiring wheelchair users to do all work in normal kitchens

and workshops from the side.

One solution to this problem is the use of smaller
casters and placement of the footrests between them. However,
smaller casters roll less freely and get stuck in cracks and
holes more easily. Small double-wheels, as are used in
Umberoller strollers, tend to roll well on rough surfaces de-
spite their small size. They might work as wheelchair casters,
allowing the footrests to be placed between them. The all-
directional wheels invented by NASA can move in any direction
while pointed straight ahead. Although both of these ideas have
possible problems, their drawbacks can only be weighed after the

devices have been thoroughly de-bugged and use-tested.
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STAIR CLIMBERS

The need for stair-climbing wheelchairs is a serious
one which has drawn much attention from inventors. The techni-
cal problems are among the most difficult to solve, especially
if the vehicle is to remain usable off the stairs. And of the
scores of inventions which have been built, or patented, only a
few will even climb stairs satisfactorily. Some, according to
their own diagrams, will fall down the stairs--as they leave a
step on the way up, their center of gravity is out beyond their

point of support. Others are only marginally stable.

Some stair-climbing devices have been driven by mul-
tiple stepping wheels and some by legs, but most have been
driven by tracks. I learned about one of the drawbacks of
tracked vehicles when I drove mine up the front steps of a
lovely lady's house in Ohio. She still refuses to acknowledge

the gaping hole in her carpet.

The few stair-climbing chairs which work well still
have a common problem which so far has kept them out of gener-
al use--they do not retain the basic assets of a wheelchair.

I rode a German one easily up a flight of stairs, but, after
it was unplugged at the top, its massive frame would hardly
move. The one which appears to come closest to keeping the
wheelchair's assets is the Alamont Staircat--itself a wheel-
chair with tracks added. It may have problems with width,
weight, and cornering on stairs or landings but, if these are
not serious, the machine appears workable. I am anxious to

see it in operation.
STANDING AND KNEELING

Standing has been one of the most needed and least
available exercises for people with spinal-cord injuries. The
risk and hassle of ambulation with orthoses convince virtually

all trainees not to practice it. The Kwik-Brace is an
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improvement, and the parapodium has many possibilities. None of
these devices will be useful for doing everyday work, though,
until standing and sitting are so quick and easy that the user
can pick up everything he has just dropped. The Bressler chair
comes closest to this, though it still has some problems. Peter
Bressler's perseverence is at least as remarkable as his ingenu-
ity in that he has overcome the disinterest of the industry and

found a manufacturer.
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EMPHASIS ON ROUGH TERRAIN

Martin T. Prast

To begin with, we must define rough terrain. To many
people, the words "rough terrain' are synonymous with hilly
terrain. Unfortunately, for the wheelchair-bound, this is not
necessarily the case. Rough terrain for the wheelchair user
runs a full gambit of obstacles. Carpeting, doorsills, curbs,
stairs, grassy areas, gravel, sand, inclines of various degrees,
and even snow and mud, are just a few of these obstacles. Thus,
it is obvious that the category of mobility aids which is di-
rected to rough terrain includes everything over and above
smooth terrain. This category encompasses curb-climbing de-
vices, stair-climbing vehicles, all-terrain vehicles, and any

other type of mobility device.

Now that we have defined rough terrain, we must ask
ourselves if there is a need for research to be done in this
area. For the disabled individual the answer is obvious, but
for the layman it may not be so apparent. I believe there are
three very good reasons to be concerned with this problem: edu-

cation; vocation; and recreation.

In order to get an education one must be able to go to
school. Unfortunately, mankind has laid a number of architec-
tural barriers in the way of the handicapped. Therefore, I feel

one must devise a way of getting around these barriers.

Having been educated one can get back into the main-
stream of society by becoming a functioning member of that so-
ciety. Unfortunately, the handicapped person is confronted
again with the problem of getting to and from their place of

work.
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Finally, I believe there is a psychological need for
recreation and even a demand for the handicapped to advance
beyond just the activities of daily living with a sort of "get-

ting off the pavement and into the woods" attitude.

This brings us to consideration of what is available
to the handicapped today. There are approximately eight ve-
hicles which are commercially available and which I consider
applicable to the problems of rough terrain. Each of these has

certain advantages and disadvantages.
THE "ADVANCED" WHEELCHAIR (Fig. 1)

This chair is very similar to conventional wheelchairs
in patient utility. It is a high-performance vehicle specifi-

cally adapted for use outdoors, It may be used indoors since

Fig. 1. Advanced Wheelchair.
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its size is not unlike conventional wheelchairs, but it is very
noisy. It has a 24-volt system with a proportional control
unit. It is dangerous in that it has so much power that it will
do "wheelies," but it can be made safe by adding a small set of
tip wheels in the rear. The chair can also be breath-controlled

or chin-controlled.
THE ZIP CART (Fig. 2)

According to some newspaper articles, this vehicle is
used by Governor Wallace, It offers little use to most quadri-
plegics. The controls are difficult to operate. The cart-like

construction offers no wheelchair-type advantages and it is much

Fig o258 Zipi Cart,
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too fast and sudden. It is good for outdoor use only. It has a
12-volt drive system. The steering is by tiller which presup-
poses good arm function. It has a mechanical braking system
which is elbow-operated and presupposes good trunk stability.

It has a variable speed control but its poor construction leads
to jamming. Also, the seat is not mounted properly to the cart.
The armrests swing away for transferring in and out of the

vehicle.
THE STEVEN MOTOR CHAIR (Fig. 3)

Another outdoor vehicle it is very awkward to steer
via a swinging armrest. It is not a wheelchair and is very fast

and jerky. The three-point stance makes this vehicle inherently

Fig. 3. Steven Motor Chair.
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unstable. It offers very little to most quadriplegics. The
armrests and footrests are not movable, thus transferring is

a difficulty. It has a 24-volt drive system with a battery
charger incorporated into the vehicle. There is a shock hazard

present.
E & J MARK 20 POWER CART (Fig. 4)

This vehicle is similar in performance to the Zip Cart
and Steven Motor Chair but much smoother and easier to operate.
However, it is not directed to the seriously physically disabled

and falls far short of the advantages exhibited by the Advanced

Fig. 4. E & J MARK 20 Power Cart.
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Wheelchair. It has tiller-type steering which offers little use
to most quadriplegics. It has a 24-volt drive system and remov-

able armrests.

ALl of the vehicles mentioned above cost between
$800 and $1,200.

PERMOBIL EXTERIOR

A very-high-performance vehicle, the Permobil Exterior
requires excellent hand, arm, and shoulder strength and range of
motion. Trunk stability is necessary as well as good upper limbs
on both sides. Possibly it can be used on a farm or difficult
terrain. It has a 36-volt drive unit. It is also rather costly=—
$2,000-$3,000.

PERMOBIL SUPERIOR

The Superior is a very comfortable wheelchair and has a
a substantial power capability. Its cost, unfortunately, ap-

proaches that of a luxury automobile--$8,000-$10,000. It is

usable by a quadriplegic with a breath control. The leg rest and
back rest are powered giving it a multiposition chair feature.

It has a 36-volt system with the battery charger incorporated in-
to the chassis. Superficially, it may seem that the Permobil
from Sweden may be a solution to the rough-terrain problem. Un-
fortunately, this is not so since the devices are difficult to
operate by severely physically disabled as well as being extreme-
ly expensive. All the Permobils have one thing in common--they
are difficult to repair. The difficulty exists due in part to
the high level of technical competence required, but even more

so to the necessity of having spare subassemblies on hand.

. The next two vehicles, I believe, have application to

paraplegics alone.
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THE COMMERCIAL GOLF CART

These vehicles give the paraplegic a greater range of
mobility. They can be readily adapted to fully hand-controlled
vehicles. They have three major disadvantages at present. They
cannot be licensed for use on roadways, one cannot take his
wheelchair along, and the vehicle must be trailered from one

area to another due to its size.

COMMERCTIAL ATVs

These vehicles give an even greater range of mobility
because they can go in water and nearly everywhere. They are
fully hand-controlled vehicles as produced and therefore require
no modification. These, too, have the same major disadvantages

as golf carts.

There are also several experimental or laboratory-
curiosity items which must be mentioned. In the article Five
Years of Wheelchair Evaluation,* multipurpose chairs are de-
scribed as wheelchairs which offer several auxiliary functions.
They are multipurpose devices which theoretically increase
patient mobility. For example, stair-climbing wheelchairs
would fall into this category. As a class, multipurpose chairs
exhibit common problems. Specifically, none of the functions
they provide are performed as efficiently as those of the indi-
vidual devices that they intend to replace. The danger exists
that the auxiliary functions may preclude maximum efficiency of
the primary function. It is apparent that it is illogical for
an individual to use throughout the day a vehicle weighing over
200 1b. as a conventional wheelchair in order to provide a sec-

ondary function which is used only three or four times a day.

Stair-climbing wheelchairs have been a subject of many

designers for a number of years. The functional requirements

* Peizer, Edward, and D. W. Wright, Bull. Pros. Res. BPR 10-11,
9-37, Spring 1969.
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for conventional wheelchairs may, however, be incompatible with
the hardware and weight requirements of stair-climbing wheel-
chairs. At the present state of the art, all proposed stair-
climbing wheelchairs seem to become such vehicles while losing
some or all of the desirable features of a conventional wheel-
chair. While this is true for nonpowered models, it is probably
also true for powered stair-climbing wheelchairs when compared
to the typical powered wheelchair available today. It is appar-
ent that the wheelchair occupant is severely penalized on level
ground as he is required to start and stop a device with the
added weight of the stair-climbing gear. A powered vehicle, be-
cause of its additional weight, requires a larger battery pack-
age, and is therefore extremely large and is awkward to use in

small spaces.

All of the stair-climbing vehicles which have been re-
viewed to date exhibit two characteristics. They cannot be
folded and most designs use a tread-like tractor belt or similar
arrangement which depends upon friction for negotiating stairs.
This system is very dangerous because both tracks are required

to work perfectly while climbing stairs to avoid an accident.

If we consider a less challenging goal and approach
the problem of climbing curbs, the chances of success are much
greater. It seems that the curb-climbing mechanism should be
incorporated as a supplementary attachment which may be added
easily to any conventional wheelchair. The device, of course,
should be available for use with nonpowered as well as powered
wheelchairs. It is interesting to note that in spite of this
reduced design goal, no curb-climbing attachment is in general

use today.

In conclusion, we see that in general there are no
working practical models available today which would fit into

this category of vehicle for the physically handicapped. It may
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be that perhaps we should lower our sights to more reasonable
goals, or it may be that-our current state of technology pre-

cludes us from solving these problems.

Several questions must be answered before pursuing a
proposed solution. The first--is there a genuine need for the
physically disabled to have these vehicles on an everyday basis?
Thus, is there a market? If the answer is yes, then we must ask
whether a manufacturer is available to produce these vehicles at
a reasonable price and profit so that he will be willing and
able to meet these needs. Therefore, is it economically feasi-
ble? I think it is necessary to ensure that someone would be
willing to produce these items on a regular basis. Otherwise,
the finest working device may indeed be fabricated in some lab-
oratory but unfortunately will not be available to the general

"

public. Nevertheless, one must keep in mind that "imagination

will continue to be the mother of invention."

I would like to thank the VA Prosthetics Center, and
Ronald Lipskin in particular, for all the help they have given

in the preparation of this paper.
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Anton J. Reichenberger

Congressional action resulting in PL 91-666 revealed
the need for standards and specifications applicable to a wide
variety of commercially available, adaptive automotive-control
equipment for handicapped drivers. The development of a work-
able document for the procurement of adaptive automotive driv-
ing aids to assure maximum safety to disabled drivers and the
general public was given high priority. Correspondence with
all state authorities for licensing drivers revealed a complete
lack of standards and specifications for the assortment of
adaptive automotive-control systems designed, manufactured, and
distributed by a number of business establishments in the
United States. Surely we all agree that an industry providing
useful products and services to many handicapped drivers must
have a common interest in protecting the consumer. Therefore,
the development of a document to define minimally acceptable
levels of safety, quality, and performance to guide manufac-

turers and installers of driving aids is absolutely necessary.

The first phase in our development program called for
an evaluation of all commercially available items, and we con-
sequently purchased driving aids from 16 known manufacturers.
An engineering analysis resulted in the recommendation that
five adaptive hand-control systems be road tested, working with
volunteer drivers from the New York Chapter of the Eastern

Paralyzed Veterans Association.

To understand fully the mechanics of currently avail-
able hand controls used by handicapped drivers to operate auto-
mobiles, we classify these systems into four types, i.e., the
push-pull, push right-angle-pull, push-twist, and the crank
type. For uniformity in description, we assume that each con-

trol is operated with the left hand.
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PUSH-PULL CONTROL SYSTEM (Fig. 1)

To apply the brakes, the driver pushes the operating
lever away from him or her in a direction parallel to the steer-
ing column, and actuation of the accelerator is achieved by
pulling the same lever in exactly the opposite direction, toward

the driver.

>X

Y
PUSH TO BRAKE O0-Y
PULL TO ACCELERATE O+Y

OPERATING LEVER

Fig. 1. Push-pull Control System.
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Figure 2 shows a typical push-pull hand-control system

installed in a laboratory test device used during the engineer-

ing analysis.

Fig. 2. Push-pull Hand-control System.

PUSH RIGHT-ANGLE-PULL CONTROL SYSTEM (Fig. 3)

To apply the brakes, the driver pushes the operating
lever away from him or her in a direction parallel to the steer-
ing column, and actuation of the accelerator is achieved by
pulling the same lever in a direction perpendicular to the

steering column and toward the driver.

Figure 4 shows a typical push right-angle-pull hand-

control system installed in the laboratory test device.

71




Anton J. Reichenberger

PUSH TO BRAKE 0-Y
PULL TO ACCELERATE 0-Z

OPERATING LEVER

Fig. 3. Push Right-angle-pull Control System.

Fig. 4. Push Right-angle-pull Hand-Control System.
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PUSH-TWIST CONTROL SYSTEM (Fig. 5)

To apply the brakes, the driver pushes the operating
lever away from him or her in a direction parallel to the steer-
ing column, and actuation of the accelerator is achieved by

counterclockwise rotation of the handgrip.

S

__i;;;g X
Y
PUSH TO BRAKE 0-Y
TWIST X-AXIS TO ACCELERATE

v

Fig. 5. Push-twist Control System.

Figure 6 shows a typical push-twist hand-control sys-

tem installed in the laboratory test device.

CRANK-TYPE CONTROL SYSTEM (Fig. 7)

To apply the brakes, the driver cranks the handle in a
clockwise direction away from him or her, and actuation of the
accelerator is achieved by cranking the handle in the opposite

direction and toward the driver.
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Fig. 6. Push-twist Hand-control System.

will i\ 7l ol
C Ur —*

Y

CRANK X-AXIS +TO BRAKE
CRANK X-AXIS-TO ACCELERATE

Fig. 7. Crank-type Control System.
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Figure 8 shows a typical crank-type hand-control system

installed in the laboratory test device.

Fig. 8. Crank-type Hand-control System.

Most hand-control systems are manufactured and sold

’ supposedly to fit the entire spectrum of commercially available
motor vehicles on the market, i.e., compacts, standard-size
l sedans, luxury-type automobiles, vans, trucks, etc., as long as
} the vehicle is equipped with an automatic transmission. Exper-
ience gained from working with adaptive, automotive, hand-
control systems has taught us that this is an assumption that
can often lead to substantial problems. Frankly, the variety
of automotive styles combined with frequent design detail
changes of the passenger compartments require individual con-
siderations to complete a satisfactory installation of a par-
ticular hand-control system. It would be unrealistic to imply
that one specific set of hardware can be used universally, and
we can readily sympathize with driving-aid manufacturers try-
ing to market hand-control systems for all available automo-

biles. Our proposed standards and specifications address the
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installation of driving aids specifically as one of many

pertinent points to assure safety, quality, and performance.

The development of standards and specifications has
reached a point where VA TENTATIVE STANDARDS AND SPECIFICATIONS
FOR AUTOMOTIVE DRIVING AIDS (ADAPTIVE EQUIPMENT) FOR STANDARD
PASSENGER AUTOMOBILES are néarly ready for limited distribution
to the adaptive-equipment manufacturers, as well as to a number
of other interested parties. In scheduled discussions with
driving-aid manufacturers, we hope to inspire the free inter-
change of information that is required to provide handicapped
drivers with the best possible adaptive equipment and services.
Aside from our primary mission to serve the handicapped, we
also share the common responsibility to protect the entire pub-

lic from shoddy and unsafe equipment.

Without attempting to present the actual version of
the tentative VA standard here, some of the specific questions
we raise are listed below. As one can easily see, a negative
answer to any one of these questions leads almost always to re-
jection of the automotive aid, since components not in compliance
with our proposed standards are assumingly unacceptable.

1. Are driving aids within reach of handicapped
driver when lap and shoulder belts are securely fastened?

2% Are there reflective surfaces on the installed
equipment that tend to reflect sunlight into the driver's
eyes?

3. Are there sharp edges or projections on the
equipment that might cause undue injury in the event of

impact?

A Does any part of the equipment deform permanent-
ly when it is used in simulating normal driving conditions?

i Is rust or corrosion found on any part of the
assembled and installed equipment?

6. Are all fasteners used in assembly and installa-
tion of the driving aid securely tightened?

76




Licensed Motor Vehicles

7. Are all electrical components safe from
accidental shock, short circuits, sparks, etc.?

8. Does the installation permit conventional use
of the vehicle by normal drivers?

9; If the installed driving aid is a brake-and-
accelerator hand-control system, does it remain in the
neutral position in the hands-off mode?

10. Are the motions required to actuate brake and
accelerator controls distinctly different?

11 Can the accelerator be actuated by applying a
force in the forward direction away from the driver?

L2, Has the driving-aid manufacturer provided ade-
quate instructions to permit proper installation of the
equipment to the motor vehicle?

collapsible feature of the automotive steering column?
14. Did the source of the driving aid provide in-
structions on its proper use in the motor vehicle?
15. Did the installation of the driving aid result
in unnecessary modifications of the vehicle?
16. Was the driving aid inspected by the manufacturer
for quality and proper functioning?
17. Is a statement of warranty included in the pur-
chase of the driving aid?
To complete our discussion of licensed motor vehicles
for handicapped drivers, we must include the van-type automobile

intended to give maximum mobility to many handicapped drivers
who either cannot transfer from their wheelchairs into standard
passenger automobiles, or have selected a light truck-type
vehicle for a specific reason, e.g., business, travel, camping,
etc. There are a number of business establishments throughout
the United States that modify standard van-type vehicles for

operation by handicapped drivers. The interior of these motor

|
13. Does the installed equipment interfere with the
17
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vehicles can be supplied to resemble a panel truck, or can be
elegantly finished for maximum utility and personal comfort, de-
pending on the individual's preference. Naturally, each van
must be equipped with a wheelchair-access system, and again

there are a number of devices on the market.

There are rear-loading and side-loading wheelchair
lifts available. Most are fully automatic and can be controlled
completely by the handicapped driver. Manual types usually re-
quire some assistance by an attendant. Several wheelchair 1lift
designs incorporate the lifting platform in the automotive
structure, lowering reinforced and hinged side doors of the
motor vehicle for wheelchair entry and exit. The VA Prosthetics
Center is currently involved in the evaluation of several van-
type motor vehicles equipped with wheelchair-access systems,
and, although satisfactory progress has been made, it would be
premature to predict the final results. We have learned a num-
ber of important details in working with vans--information
necessary in the preparation of future standards and specifica-

tions.

To introduce a variety of equipment, we present three
specially modified van-type motor vehicles for handicapped

drivers. Specifically,
CHEVROLET SPORTSVAN (Figs. 9 and 10)

The Chevrolet Sportsvan is equipped with a side-load-
ing wheelchair lift provided by Helper Industries, Inc. The

driver remains in his personal wheelchair.

78




Licensed Motor Vehicles

Fig. 9. The Chevrolet Sportsvan.

Fig. 10. The Chevrolet Sportsvan.
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DODGE SPORTSMAN VAN (Figs. 11 through 14)

The Dodge Sportsman Van is modified to hinge the
reinforced right side door for wheelchair entry and exit. Once
the driver has entered the vehicle, transfer is made to a
specially designed driver-chair that pemmits adjustments for
maximum comfort and is fastened to the vehicle to withstand nor-

mal changes of inertial forces.

Figs. 11 and' 12,
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Figs. 13 and 14.
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FORD ECONOLINE 100 SUPER VAN (Figs. 15 through 18)

A Ford Econoline 100 Super Van was used to provide this
special vehicle for severely handicapped drivers. The
standard steering mechanism and brake-accelerator control
systems were removed from this vehicle, and replaced with a

hydraulic servo system that requires very small forces for

Figs. 15 and 16.
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application of brakes or accelerator. Steering requires very
limited motion of the wrist and can be achieved with either the
right or left hand. The complexity of this design indicates
that more development is needed to assure maximum safety to

drivers as well as to the general public. We are continuing

efforts along this line.

Fig. 17.

Figure 18 shows an experimental model of the SCAT
electric wheelchair as used with the SCOTT Van. The chair
features a bucket seat, lap and shoulder belts, and height ad-
justment, and is constructed for automotive use when locked to
the motor vehicle. When not in use with the SCOTT Van, this

item takes the place of a standard electric wheelchair.
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Fig. 18

Obviously, there is no need to transfer from chair to chair for

the seriously handicapped driver.

Before concluding this discussion of Licensed Motor
Vehicles for Handicapped Drivers, special mention should be made
of the new 1974 VOLVO Disabled Driver's Car, 140 Series, equip-
ped with a factory-installed pneumatic servo system. This de-
sign is the most promising hand-control system for handicapped
drivers that we have seen so far, being guaranteed and serviced
by VOLVO as one of their products. At this time VOLVO is the

only major automobile manufacturer in the world that markets a
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hand-control system for handicapped drivers, and deserves

recognition for this achievement.

One should wonder how long it will be before our auto-
motive industry realizes that handicapped drivers are part of
the real world--a consumer group in need of better and safer

equipment as the automobile becomes better and safer.
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PUBLIC TRANSPORTATION
Patrieia Cass

Let me first express my pleasure at being here today.
For the past two years I have been talking with some of you on
the telephone from Washington. I have also talked with a few
members of our "consumer" group. Most of my discussion has
been with our Urban Mass Transportation Administration (UMTA)
constituency--the Public Mass Transportation Authorities--about
how they should be handling the disabled. This is my first op-
portunity to meet face to face with you who are working daily
to help disabled individuals become more productive members of

our society, hence my pleasure.

It probably will be useful to describe briefly the
programs of UMTA and how we are attempting to provide mobility

for the handicapped.

I use the words "mobility" and "handicapped" deliber-
ately. DOT, and most particularly UMTA, are looking for solu-
tions to the mobility problems of the handicapped person from
the minute he (or she) leaves home to his arrival at his desti-
nation. We are concerned with accessibility to urban mass-
transit facilities, but recognize it is only a small part of

total mobility.

The word '"handicapped" is embodied in our legislation,

put there by the Congress and approved by the President. It may

not be a word you are comfortable with, but it is the law. Our
governing Act defines a handicapped person as "any individual
who by reason of illness, age, congenital malfunction or other
permanent or temporary incapacity or disability is unable with-
out special facilities or special planning or design to utilize
mass transportation facilities and services as effectively as

persons who are not so affected."
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UMTA's mission is, and I quote again from our Act, "to
provide assistance for the development of comprehensive and co-
ordinated mass transportation systems in metropolitan and other
urban areas...." This means we exist to revitalize urban mass
transit. We started small in 1965, and got a big assist in 1970
when President Nixon signed legislation providing almost one bil-
lion dollars a year for our programs, and another assist in 1973

when the Highway Trust Fund was opened up to transit.

UMTA has four major programs. The first of these--—
Research and Development--is directed toward the development and
testing of new and improved hardware (and software) for mass-
transit systems. In Morgantown, West Virginia, UMTA has built,
and is testing prior to operation, a personal rapid-transit sys-
tem. Many components of the BART system in San Francisco, such
as cars, tracks, etc., were tested with UMTA R&D funds. More
significant to us here today, though, is the UMTA TRANSBUS pro-
gram. Three contractors are each building three prototypes of
50-passenger city-transit buses. One each of these buses has
features to allow the bus to accommodate wheelchairs. One will
have a lift, one will have a ramp, and the third provides for
platforms at the curb. Later this year the buses will be eval-
uated at test centers and in passenger service in four cities.
At the completion of this phase of the program, the best
vehicles, or the best parts of all the vehicles, will be avail-

able for purchase under our capital assistance program.

Another project of special interest is the small bus
development program that is just getting under way. There is
heavy emphasis on accommodations for the elderly and handi-
capped. Tasks to be performed by a contractor consist of (1)
investigation of services already being provided by small buses;
(2) investigation of elderly and handicapped travel demands and
mobility limitations; and (3) development of vehicle specifica-

tions based upon the travel requirements, difficulties and
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hazards identified in tasks 1 and 2. This effort will be

completed in approximately a year.

The second program I should like to describe is UMTA's
operational demonstration program. In this program we develop
and test new services and concepts which are planned to make
urban mass-transit more attractive. Those here from Washington
will recognize the Shirley Highway express-bus service as an ex-
ample. In Los Angeles, the San Bernardino express busway is an

UMTA demonstration.

More pertinent to us is that component of the program
of operational demonstrations directed toward improving mobil-
ity of the elderly, the handicapped, the poor, the unemployed,
and youth.

Two examples of these demonstrations are under way now
in Connecticut and Rhode Island. In Connecticut, a demonstra-
tion was planned with a combination of fixed-route scheduled
service between four towns in the Naugatuck Valley to serve the

general public, and a demand responsive service for the elderly

and handicapped to take them to social services, medical ser-
vices and recreational opportunities. (For those not familiar
with the term "demand responsive," this means you call ahead

and request a ride to a particular place at a certain time.)

The system also has a credit-card fare-collection device whereby
either the rider or the client of the rider can be billed for
the trip. The demand responsive portion of the system became so
popular that the fixed-route service never happened. Six small
buses are operating, one with a lift and all with low steps and

grab rails in order to make it easier to get on and off the bus.

In Cranston, Rhode Island, three small buses are pro-
viding a dial-a-ride service to the elderly and handicapped.
(Dial-a-ride is another term on the list of trade jargon meaning

that you call a central dispatcher and request a specific ride
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at a certain time.) One bus with a lift is used daily to take
18 children and adults to a sheltered workshop and training
center for the mentally retarded. Primarily, the service is
used by the elderly, but in at least one case a man in a wheel-
chair is using the 1lift bus for recreational purposes, He says
he had not been out of the house for four years before the ser-
vice had been installed. Now he rides around town in the bus

at least once a week.

The point of these demonstrations is to test innova-
tive services so that the agency and the transit industry can
apply the services in other cities when they are successful.

We also hope that they will be so successful that the cities we
are trying them in will continue the systems after federal
money runs out. Two years is about the length of our involve-

ment.

Our third and largest program is Capital Assistance.
This fiscal year we have $872,000,000 to assist public agencies
(on an 80/20 matching ratio) in the construction of new systems
and to purchase equipment and facilities for urban mass-transit
service. As I said before, these funds can be used only for
capital purposes; they cannot be used to underwrite the cost of

operations.

However, rising operating costs are the crucial imme-
diate problem facing transit systems. Since World War II,
transit riding has taken a terrific plunge, while operating
costs have risen astronomically. In 1973, the estimated total
annual deficit of all mass-transit systems was over $400,000,000.
This is why you see few private companies anymore. Transit no
longer is able to pay its expenses out of fare-box revenues at
an acceptably low rate of fare. It needs public monies in
order to continue operating. It must be recognized that transit

is a public service just like fire and police protection or
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maintenance of streets, and any other public service supported

from tax revenues.

Recognizing this fact, President Nixon, on Feb. 13,

proposed new legislation to Congress to be called the "Unified

Transportation Assistance Act of 1974." UTAP, as it.has al-
ready been christened, provides for $700,000,000 in Fiscal
Year 1975 for block grants to states from which it will then
flow to urbanized areas. These funds can be used either for
capital equipment or for operating subsidy. I urge you to sup-
port this bill, as it can be very important in improving mobil-
ity for the handicapped, because it gives the local officials
the capability of exercising the option of how to spend their
transportation monies. In short, UTAP puts the decision-making

where it belongs—--at the local level.

And now I come to the program which I believe can
yield the greatest benefits for the money toward providing
mobility for the handicapped. This is our planning assistance
program. This program provides 80 percent matching money for
the development of short- and long-range urban transportation
plans. In each of these we require that solutions to the trans-
portation problems of the elderly and handicapped be included.
The first step is identification of the transport problems of
our target groups. The planner then determines travel demands
of the handicapped, both recognized and latent. He also finds
out what services are already being provided in the area by
agencies such as the Red Cross, Easter Seal, Cerebral Palsy,
Model Cities, and the like. From reports we have read, confer-
ences we have attended, and people we <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>