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Testing of manually-propelled wheelchairs
The need for international standards

A. STARQOS

Veteran's Administration Rehabilitation Engineering Center, New York

Abstract

The Veteran's Administration Rehabilitation
Engineering Centre (VAREC), and others in
the United States have been involved in work
associated with improving the wheelchair since
early in the 60’s. United States Veteran’s
Administration standards for the ‘“push”
wheelchair have been promulgated based on a
number of tests, some simple and some requiring
complex equipment. A draft of a standard for
electrically powered wheeichairs has also been
developed by VAREC. Nevertheless, such
efforts as those which have taken place in the
United States on both the “push’ wheelchair
and electrically powered systems have so far not
been related to the work in other nations;
certainly the definitive action toward the
development of international standards recently
started should employ mechanisms to include
the work of all.

International standards—when and how?
Although we in the United States and our
colleagues in Canada, Germany, Scandinavia,
Great Britain, Japan and perhaps elsewhere
have for vears worked on developing standards
for wheelchairs and have designed and used test
procedures associated with the standards, we
have only recently seen some meetings to bring
all this work together to develop international
standards. But how encompassing have those
meetings been? We have no way of knowing the
details of what has been started except that starts
occur and that only those who can get to a
meeting are able to contribute or know what was
contributed. Although such conferences are
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valuable, we appeal for the communications that
are independent of the meetings, for the
publication of the activities now underway
nationally and internationally. We appeal for the
involvement of the interested international
professional bodies, the International Com-
mission on Technical Aids and the Inter-
national Society for Prosthetics and Orthotics.

This paper is aimed at all those who have
developed and used test procedures for
manually-propelled wheelchairs and who should
now look to international standard setting
through the International Standards Organ-
ization (ISO) and its technical committee
ISO/TC173. We offer this to encourage work on
the manually-propelled or “‘push’ wheelchair as
a priority for ISO using the facilities and
capabilities made available by the national
efforts. Since we are also urging that wheelchairs
become freely sold in international markets, we
now seek to reinforce the work started only
recently by ISO.

Wheelchair deficiencies

For years the persons most concerned with the
functional and durability characteristics of the
wheelchair, the users, have been repeatedly
reminding the manufacturers, the professionals
in the clinic and in the marketing network, the
counsellors, the designers, and representatives
of large purchasers like Government agencies, to
work to improve this essential mobility device,
We interpreted the demand as being directed
first to making improvements in the push “hand-
propelled” wheelchair, then to do the same for
the electric wheelchair.

Clearfield (1976) strongly recommended that
technology be applied to improve wheelchairs.
He urged the VA to take actions quite similar to
those taken in rigorously employing standards
for hand controls on personal licensed vehicles.
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In his opinion similar VA action was needed
on wheelchairs. He also pointed out that
“awareness of the . . . .. potential of . . . . .
technology and its use and demand by the
disabled can result in products that meet the
requirements of durability and effectiveness”.
Although we would have chosen different
words, we agree in principle.

As Clearfield pointed out repeatedly,
breakdowns of wheelchairs and the required
maintenance hinder the life-style of the user. We
of the VA, before Clearfield, had demonstrated
our concern about wheelchairs and had done a
significant amount of work. It was obviously not
enough; nevertheless we responded anew,
particularly to enlist the disabled in promoting
improvements.

A historical perspective

Let us review the recent past. In 1964 Peizer et
al presented the first discussion of wheelchair
studies in the VA Prosthetics Center (VAPC
now VAREC)., Evaluation methods were
proposed; this was the real beginning of the work
in the VAPC—then mainly aimed at quality
improvements that were sought by a small
number of “consumers’” served in our own
clinical programme. Performance factors such as
propulsion characteristics, stability, and design
quality were the major concerns of these first
efforts. These early activities also responded to
the opinions of users concerning the dimensions
of wheelchairs and their durability. Mainly
though, tests to show performance differences
among several kinds of wheelchairs were
presented; energy studies and measures of
coronary response and pulmonary ventilation
were cited.

In 1965 the American Rehabilitation
Foundation and the Vocational Rehabilitation
Administration  sponsored a  wheelchair

conference at the Kenny Institute of
Rehabilitation in Minneapolis. Organized to
enhance contacts between the manufacturers of
wheelchairs and those who were concerned
about wheelchair use, particularly the clinicians,
the conference keynote expressed the concern
that there was no regulatory agency holding
wheelchair  manufacturers 1o particular
standards.

But Peizer (1965) there and then offered a
plan for the development of such standards and
for the spectfications to meet such standards.

Although not proposed as regulatory in the
strictest sense, the concept presented was that an
agency such as the VA as a large consumer in
screening for quality of matenals and for
function, safety, cost, and durability could
indeed employ higher quality standards than
those used at that time by the VA supply system.
Function, energy demands, and key physical
characteristics were mentioned particularly as
part of the philosophy based on performance
standards rather than the previously used
dimensional standards. In fact some precise
indices were given at this time about wheelchair
stability, weights, and structural requirements
for acceptable durability.

Then in 1969 Peizer and Wright published
draft standards for push or hand-propelled
wheelchairs with their report on 5 years of
wheelchair evaluation in VAPC/VAREC. The
standard presented tests to check wheelchairs for
ease of operation, manoeuvreability, durability,
weight and so forth. At that time the authors also
gave preliminary  criteia  for  powered
wheelchairs. Subsequent evaluations reported in
the Bulletin of Prosthetics Research displayed
refinement and expansion of these criteria.

In 1977 VAPC published slightly modified
draft standards for “push” wheelchairs in the
U.S. Federal Register. These were then
reviewed both at a workshop WHEELCHAIR ],
and then by a Committee of the American
Society for Testing Materials—(McFarland,
1978). Later Peizer (1979) in a paper presented
to a second workshop, WHEELCHAIR II,
reported the scope of much of Lipskin’s work on
wheelchair evaluations in VAPC. This report
mainly showed the wide spectrum in powered
wheelchair design which standards need to
encompass. At WHEELCHAIR 11, Stout (1979)
offered a very detailed analysis of the
requirements of high performance wheelchairs.

Most recently the VAREC has contracted
with Wright State University of Dayton, Ohio to
support the development of performance
standards based on comparative evaluations of
metabolic, muscular and cardiorespiratory
demands (Glaser, 1980). A commonly used
“push” wheelchair is used as a control for
performance comparisons with subjects in other
(test) wheelchairs being considered for purchase
and use by the Veterans Administration.
Findings of this type help guide prescription.

The Paralyzed Veterans Association have
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always been concemed as consumer-users; its
members have urged the VA to give priority to
the improvement of structure and performance
of wheelchairs. Much of the input came from our
constant contact with members of the Eastern
Paralyzed Veterans of America, particularly
those members involved in wheelchair sports
where performance and structural demands are
the greatest.

The VA Rehabilitation Engineering Center
working with colleagues of the Rehabilitation
Services Administration (RSA)* organized two
national wheelchair workshops to focus on the
problems of wheelchairs as viewed by a larger
number of interests including especially the
users. Manufacturers, devclopers, clinicians,
marketing firms, and representatives of
purchasers such as Governments participated.

The first of these workshops termed
WHEELCHAIR 1, was held in 1977, the report
gave a number of very specific recommendations
which came out of its panel discussions of
wheelchair design (Wheelchair 1, 1977).
WHEELCHAIR I also reviewed the VA draft
standards. Recommendations made were:

I. Review of VA Draft Specification.

A. Specific recommendations for change in the
draft, item by item, were made by two
panels.

B. Tt was recognized by all that the draft
standard prepared by the VA includes chairs
for only a portion of the population of
wheelchair users, and chairs for children,
special models, etc. need to be covered.
Also, standards for seat structure, brake
locks, tyres, ctc. are not included.

C. The draft standards should be forwarded to
Committee F-19 of the American Society
for Testing and Materials, along with the
suggestions made at the workshop for
changes,

D. The VA/RSA should conduct a continuing
programme on validation of the laboratory
tests by feedback of clinical performance
and repair records.

*Currently {March 1981) U.S. Government
rehabilitation engineering resecarch, development,
and evaluation efforts among the non-veteran
g)pulation are overseen by the Nationat Institute for
andicapped Research (NIHR) of the U.S.
Department of Education.

II. Design Refinements.

A, Suwonger mounts are needed for the
handrim.

B Improved design to support the spokes
properly is needed.

C. Tyres presently provided are not completely
satisfactory with respect to durability and
maintenance of proper inftation. The use of
foam-filled tyres and puncture sealants
should be studied for effectiveness in
ameliorating inflation problems.

D. Critically damped casters for front wheels
should be provided for all ‘*‘active”
wheelchair users.

E. Frames need to be strengthened at strategic
points. An analysis of failures is needed for
determination of the weak points in the
present system.

F. Chairs narrower than those presently
available should be made available.

G. More appropriate wheel bearings are
available to wheelchair manufacturers and
they should be used to improve useful life of
the chair.

H. More attention needs to be given to the seat,
seat fabrics, and accessory cushions to make
seating more functional, comfortable, and
durable.

Priority should be given to the development of
the basic data needed to carry out the
recommendations listed above.

1I1. Design Innovations.

Some of the more interesting ideas offered
concerning manually propelled wheelchairs
were:

A. With advent of smaller cars, storage en route
requires even more attention than it has had
in the past.

B. A study of the feasibility of use of
automobiles with rear entry possibilities
should be initiated.

C. The idea of Chair-E-Yacht or front-wheel

“scooters” where the wheelchair can be

driven onto the power package seems to

have merit and should be explored.

Retractable arm rests would be helpful.

The efficiency of arm-propulsion should be

investigated to determine optimal arm and

body motion patterns for various disability

groups.

mo
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F. The use of materials other than those
presently used should be studied for all the
parts of a wheelchair.

G. A lap tray that stays with the chair at all
times, yet is not in the way, is needed.

H. Use of 3-speed hubs for gearing manually
propelled chairs should be evaluated.

I.  The use of “ski-boot” technology to provide
custom seating should be studied.

J. The use of a ‘“bendable” structure or
“adjustable chair” for initial fitting is
suggested.

K. A modular system that can be assembled and
dismantled quickly might prove to be more
efficient than the present-day collapsible
system.

L. Pneumatic foam-filled tyres may be useful
and should be evaluated.

M. Wheelchair systems that enable the user to
stand up, squat, and assume other normal
posture  configurations  should be
investigated.

N. Stored energy to assist in standing, curb-
climbing, ramp-climbing, and change in seat
position should be investigatecl.

WHEELCHAIR II, a second workshop, was
held in 1979 to look closely at the special
problems of powered wheelchairs {Wheelchair
II, 1979). In April 1981—in Dallas, Texas
another wheeichair workshop (WHEELCHAIR
111} will be held to respond to current needs and
to review accomplishments since 1977. VAREC
will there propose newly developed (Dec. 1980)
draft standards for electrically powered
wheelchairs as developed by Lipskin; these
cover performance, electrical characteristics and
requirements, the drive system, stability,
controls, power supply and charging, as well as
many of the structural requirements of the
“push’” wheelchair.

During recent years VAREC and the
Rehabilitation Services Administration also
sponsored two rehabilitation engineering
conferences (The Interagency Conference on
Rehabilitation Engineering 1978 in Washington,
D.C. and the Interagency Conference on
Rehabilitation Engineering 1979 in Atlanta,
Georgia). At these conferences, all aspects of
rehabilitation engineering were covered in
COurscs, open-paper sessions, and symposia. All
disciplines including the consumer participated.
It is expected that such conferences will continue

to be held in future years and wheelchair
development and evaluation will be major
concerns.

Persistent problems with wheelchairs

But we know without further input that
manually propelled or “push” wheelchairs
continue to demonstrate maintenance problems,
due perhaps to very rough handling but
nevertheless based on the reasonable needs of
the user. Breakdowns are extremely in-
convenient to the person who depends on the
wheelchair for ranging, from and to his home or
place of employment. This “inconvenience” can
be a near disaster economically with the
dependence on getting to and from a job,

In response to a charge in a recent VAREC
contract, Joe Silverman of the Center for
Independent Living in Berkeley, clearly pointed
out the kinds of irksome problems of repairs and
of the frequencies of various repairs, these based
on studies in and around that Center. Silverman
(1977) reported to WHEELCHAIR I:

“Front tyres, rear tyres, uphoistery, and
bearings were the most frequent classes of repairs.
From the economic point of view, however, it is
of greater importance to compute the frequency
of each repair muitiplied by the cost of that
repair. In these terms, the most serious repair
problem was tyres. Thirty cents of the dollar
spent for repair of manual chairs was spent on
fixing flats and replacing tyres or replacing tyres
with wheels. The second greatest expense was
rear wheels. Fixing spokes, trueing wheels, and
replacing rear wheels accounted for 22 cents of the
pushchair repair dollar. Replacing worn
upholstery was the next costliest category. The
total for seat, back, and armrest upholstery was
14 cents of the dollar. The fourth major item was
replacing worn bearings, which cost 12 cents per
wheelchair repair dollar.”

The American Society for Testing and
Materials in its 1978 review performed a
paragraph-by-paragraph analysis of the VAREC
testing procedures and other aspects of the
standards; this analysis will assist in the
development of useful international standards;
such critiques after appropriate secondary
review may be helpful in developing a second-
stage national (U.S.) standard, but perhaps it is
time for a direct thrust at the international level.

In its analysis ASTM endorsed the VAREC
appreach in stating that the purpose of a
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waist. A pneumatic cylinder is the primary
energy source used for standing.

The Mobilpodium has two speeds: the slow
speed is engaged when the hand crank is in the
upper-near propulsion socket, recommended for
use when standing; the fast speed is engaged
when the hand crank is in the lower-forward
socket.

The VAREC evaluation procedure includes:

Laboratory tests for durability, safety and

performance

Metabolic and cardiorespiratory responses

This testing and clinical trials conducted by
VAREC at various VA centers throughout the
United States demonstrated that the unit
performed adequately mechanically; however, it
did not provide the comfort demanded by the
majority of paraplegic individuals who tried it.
The primary problem was a shghtly forward
inclination of the standing occupant.

As a result of VAREC’s laboratory tests and
evaluation, which included very -carefully
controlled clinical use by one paraplegic,
modifications in design had to be made.

The metabolic and cardiopulmonary data
indicated that the unit was more stressful to
operate than a contrel wheelchair under all test
conditions; this was in part due to its additional
weight. It appears that the biomechanical and
physiological benefits which can be derived from
use of an arm crank propulsion system may have
been negated by the location of the cranks, the
internal resistance or other design character-
istics. The wunit, however, does increase the
wheelchair-dependent  individual’s  vertical
accessibility and may be best suited for short
term use within the confines of the home or
office.

Next steps for wheelchair standards

The “draft” specifications for manually-
propelled wheelchairs require improvement.
Publishing this information internationally can
stimulate the mechanism needed to compare
these methods with others in Western Europe
and Japan. Since it is essential that an
international standard be developed and that
this should be based on testing and evaluation
procedures agreed to by manufacturers and
many national bodies, we propose that the
process already begun in ISO include detailed
review and comparison of current national
standards and associated evaluation and testing

processes. The ISPO programme is particularly
important to the U.S. Veterans Administration
which has been assessing wheeichairs not only
from U.S. manufacturers but from Europe and
Japan. Work really should start with the
manualily-propelled wheelchair; not far behind
should be analyses of the efforts already begun
on electrically-powered chairs.

These projects should engage the support of
national governments; wheelchair manufacturers,
and organizations of the disabled for all will
benefit; however for this work to proceed most
efficiently and effectively, funds will be needed
from all parties involved.

REFERENCES

CrearfFieLD, D. (1976). Medical devices and
eq ulﬂment for the disabled: An examination.
Disability Rights Center, 1346 Connecticut
A O\Be%ue, N.W., Suite 1124, Washington, D.C.

Graser, R. E. (1980). Wheelchair evaluation:
Metabolic and cardiopulminory responses. Wright
State University, School of Medicine, Dayton,
Ohio.

McFarLann, S. R. (1978). Draft Report to the
Veterans Administration Prosthetics Center from
the American Society for Testing and Materials
Task Force, Subcommittee, F19.40, ASTM, 1916
Race Street, Philadelphia, Pennsylvania 19103.

Prizer, E. (1965). Methods of evaluating the
structural and functional design of wheelchairs,
Bull. Pros. Res., 10:3, 78-81,

Prizer, E. (1979). The variety of mobility aids called
wheelchairs. In: Wheelchair II, a Report of a
Workshop (Dec. 13-16, 1979}, Publication WR-2-
79. 17-37, Rehabilitation Engineering Center, Moss
Rehabilitation Hospital, Philadelphia, Pennsylvania
19141.

Prizer, E. H., FREIBERGER and D). WrIGHT (1964).
Bioen, mccnng methods of wheelchair evaluation.
Bull. Pros. Res., 10:1, 77-100.

Prizer, E. and D. WriGHT (1969). Five years of
3v7heelchair evaluation. Bull. Pros. Res., 10:11, 9

SiLvERMAN, J. (1977). An analysis of repair records for
manual]y operated wheelchairs. In: Wheelchair 1, a
Report of a Workshop (Dec. 6-8) 1977) Publication
WR-1-78, 33-38, Rcehabilitation Engineering
Center, Moss Rehabilitation Hospital,
Philadelphia, Pennsylvania 19141.

Stout, G. (1979). H:%v performance indoor/outdoor
wheelchairs. heelchair 1I, a Report of
Worksh(;p (Dec 13-16, 1979), Publication WR-2-

Rehabilitation Engineering Center, Moss
ll?belllalblhtatlon Hospital, Philadelphia, Pennsylvania



84 A. Staros

VAPC. Specifications Proposed by the Veterans
Administration (1977), Federal Register, Vol. 42,
No. 239, 6258962591, U.5. Government Printing
Office, Washington, D.C. 20402,

WHEELCHAIR, I (1977). Report of a Workshop (Dec.
6-8, 1977). Publication WR~1-78, Rehabilitation

Engineering Center, Moss Rehabilitation Hospital,
Plrllﬁil:(li hia

elp

. Pennsylvania 19141,

WHEELCHAIR IT {1979). Report of a Workshop (Dec.
13-16, 1979). Publication WR-2-79, Rehabilitation
En%neering Center, Moss Rehabilitation Hospital,
Philadelphia, Pennsylvania 19141.



