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Ergonomic Design of Standard Wheelchair for Korean Adults
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ABSTRACT

This study discusses a possible ergonomics application for adult wheelchair design in consideration of
anthropometry, physical load, control ability, posture, subjective analysis, security and so on. Korean
normal adults who ever used wheelchairs are examined. And anthropometric data and basic data to make
standard wheelchair are provided.
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1. Introduction balancing, propelling and moving ability. Wheel-
chairs should be designed with the special hand-
The functions of a wheelchair include icaps in mind, and be constructed with the users’
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need as the first priority. ) They should be com-
fortable and easy to operate for the users.

In the establishment of the standard for
wheelchairs, the Korean Industrial Standard{KS
P 6113) was established in 1976, revised in 1979
and used until today. Ten or so years have been
gone since the last revision; so it is time for
another revision and amendment of the standard
from on the ergonomic aspect. This revision is in
time for the Strategic Technique Development
Project put forth by the Korean government in
1991, to be considered, by the year 2000 in the
same level as the seven most advanced countries
in the mechanical techniques by the year 2000.
The theme of this study is going to be helpful for
the technique projects for the quality of life and
the economic society.

Also, this study is intended to measure the
standard of the wheelchairs being manufactured
and distributed in Korea today, and compare and
analyze with the anthropometric measurement
results, to design a standard wheelchair that suits
the Korean body structure. The users” psycholo-
gical and sensual evaluation method will be used
for the positioning of the seat, the pleasantness
of the wheelchair and the operation capability of
the wheelchair by an assistant.

2. Scope and method

2.1 Scope

Wheelchairs are available in three major
sizes . a standard adults size, suitable for most
adults; an intermediate or junior chair for small
adults and older children; and a children’s size.

Except for the congenital handicaps, a stan-
dard was determined for a standard wheelchair
that was suitable for normal adults with normal
physical growth who acquired bodily handicaps
or temporary handicaps from traffic accidents,
and the anthropometric data for the standard
wheelchair design were obtained through the
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study conducted on the hospitalized patients at
the Dong-A University Hospital.

2.2 Equipment and method

Among the various approaches, this study is
intended to design the ergonomic wheelchair by
measuring the five basic areas in a wheelchair
design by using the anthropometric measurement
approach used by R. Martin.

Also, the subjective evaluation method from
the users’ psychological and sensual evaluation
method are used to evaluate the maintenance of
the seat position, the pleasantness of the
wheelchair, or the operation capability by an
assistant.

3. Experiment

3.1 Measurement subjects

To measure the body parts necessary for the
design of the wheelchair, a total of 172 hospital-
ized patients of the Dong-A University Hospital
who used wheelchairs and received treatment at
the physical therapy room were used as subjects
for the experiment. 86 of them are male and
another 86 are female.

To reduce the measurement error of the anthro-
pometric measurements, two trained graduate stu-
dents supervised the measurement, and the
period of the experiment was about fifty days
from September of 1991 to mid October of the
same year.

3.2 Anthropometric measurement features
and the results

The important elements of the chair design are
generally the height, width and depth of the chair
seat, which differs in accordance with the physic-
al size of the user.¥¥® Using the method of the
Korea Standard Research Center of 1986 as a
guideline, R. Martin’s anthropometric measure-
ment method was used.
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The basic five areas required for a wheelchair
design were measured, and the measurement
areas required to express individual body struc-
ture and shape are as given in Figure 1.

® popliteal height

® hip breadth

© buttock-popliteal length

® elbow rest height

® bottom of scapulae height

Fig. 1 Indication of sitting measurement.

The measurement by sex for normal adults are
provided in Table 1 and each measured area is
indicated for male and female respectively.

Table 1 Anthropometric data of the Korean
adults{unit : cm)

Male Female
(Mean£SD) (Mean+SD)
40.2+4.7 36.3%2.9
34.1%+2.8 33.5%2.6
48.7+3.9 47.113.8
27.9+3.4 26.4%3.3
50.3+5.6 46.713.4

Part of body measured

popliteal height

hip breadth
buttock-popliteal length
elbow rest height

bottom of scapulae height

3.3 Comparison of the Korean manufacture
standard and KS dimension

The standard adult wheelchairs distributed pre-
sently by the Korean manufactures A and B were
measured for the five standard measurements,
seat depth, width and height armrest height and
the back of height. The standard was the same as
in Table 2, and these data were compared with
the standards used by the U.S. rehabilitation
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field traditionally.

Table 2 Wheelchair dimension(unit : cm)

Dimension Korean American
manufacture Rehabilitation
A B
Seat height 45.0  46.0 48.2-50.8
Seat width 42.0 41.0 45.7
Seat depth 4.0 39.0 40.6
Armrest height 22.5 25.0 22.8-24.1
Back height 38.0 42.0 40, 6-43.2

In Korea the wheelchair standard was estab-
lished in December of 1976 as the Korean Indust-
rial Standard (KS P 6113) wheelchair, and re-
vised only once in December of 1979.

In accordance with the Industrial Standard
Regulation Article 11, the Korean Industrial
Standard is confirmed, amended or annualled ev-
ery five years by the Korean Industrial Standard
Review Board, and thus, was confirmed in 1982
and in 1987 until the present.?

3.4 Results

From the above, it can be studied that there is
a difference between the KS dimension and the
standard adult wheelchairs manufactured and dis-
tributed in Korea.

A comparison study of the Korean manufac-
tured wheelchairs and the KS dimension is done.
The height of the seat was the same or a little
higher and the seat width of the manufactured
chair was 10~20mm wider than the KS
dimension.

But the seat depth, armrest height and back
height were all smaller than the KS dimension.
Also, the seat height was 20~40mm smaller, and
the armrest height was 10~50mm smaller than
the KS.

In regards to the selection of the KS
dimension, the advanced foreign body measure-
ments were copied exactly and the Korean manu-
facturers are importing the foreign parts and put-
ting them together.
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4, Determining the standard dimension

To determine the wheelchair standard, several
guides for a normal chair was used as a basic.
The standard necessary for the designing of a
wheelchair is recommended by Everest & Jen-
ning and Britell they are given in Table 3.%

Table 3 Determined allowance for measuring
wheelchair manufacturing(unit : cm)

Dimension Everest, Jenning Britell
Seat height @+ 5.0 ®+5.0
Seat width ®+ 5.0 ®+5.0
Seat depth ©— 5.0 ©-2.5
Armrest height O+ 2.5 .

Back height ®-—10.0 ®—5.0

Using the average data from Table 1 used by
Everest and Jenning and the recommendation by
Britell, the standard for a wheelchair for Korean
adults is shown in Table 4.

Table 4 Recommended dimension of wheelchair in
Korean aduits(unit : cm)

part of wheelchair Dimension
measured Male Female Average
Seat height 45.2 41.3 43.2
Seat width 39.1 38.5 38.8
Seat depth 43.7 42.1 42.9
Armrest height 30.4 28.9 29.6
Back heigth 40.3 36.7 38.5
50
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Fig. 2 Comparison between the dimension results for
four wheelchair

Figure 2 shows the comparison of the wheel-
chair standard obtained in this study, the current-
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ly manufactured wheelchairs and the KS
standard.

5. Ergonomic evaluation

Evaluation of the various factors such as com-
fort and appropriateness for the design standard
should be considered for the existing chairs and
the newly designed ones.

There are many methods to evaluate the chair
but- the ultimate standard is the subjective deci-
58 and this study applied the
questionnaire method of Shackel by evaluating
each part of the chair subjectively as the basis.

The proposed standard result from this study
was used to alter and manufacture the existing
wheelchair at the Dong-A University Hospital
Medical Engineering Room to be used for sub-
jective evaluation.

sion of the user,
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Fig. 3 The results from chair feature checklist,
meant] SD
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The results of the questionnaire for each part
of the wheelchair is shown in Figure 3. The
height and width of the seat are shown as re-
latively good, but a wide range was shown for
armrest height, seat angle and seat shape.

A further study should be done for the items
with a wide range of opinions, and the subjective
evaluation of the assistants should be taken into
considerations.

6. Conclusions

As an extended part of the human body, the
wheelchair helps the user to participate actively
and independently in daily life as well as social
life by preserving the lost functions of the body.
Since comfort and functional effectiveness results
from the design of the wheelchair, the structure
and size of the user should be taken into
consideration.

The purpose of this study is to design a stan-
dard wheelchair that suits the Korean adults as
follows. Standard dimensions for seat width is
39. Icm, 43.7cm for seat depth, 40.3cm for back
height, 30.4cm for armrest height and 45. 2cm for
seat height for male, and 38.5cm for seat width,
42.1cm for seat depth, 36.7cm for back height,
28.9cm for armrest height and 41.3cm for seat
height for female.

Since this study only concentrates on the
anthropometric measurement that are considered
as the basis for ergonomic approach methods, it
is necessary to study whether the anthropometric
measurement of a specific region coincides with
the anthropometric measurements of all Korean
adults, and further studies should be done to
achieve a design that consider the burden on the
living body, operating ability, posture and safety
factors.

Also, it is recommended that the design of
wheelchair should be considered by the profes-
sional rehabilitation team with specialists in
medical, mechanical, psychosocial and especial-
ly ergonomic fields. In regards to the social wel-
fare aspect, the surrounding environments
appropriate for wheelchair usage must be pro-
vided for the user’s quality of life.
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