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The characteristics of wheelchair cushions used by 218 paraplegic patients who lived
independent lives were surveyed to clarify the present state of wheelchair cushioning for
pressure sore prevention in Japan. Out of 586 cushions surveyed, 91.0% were ready-made and
the rest were custom-made. The outstanding popularity of polyurethane foam ready-made
cushions (76.3%) suggested that insu�cient consideration was taken in the selection of
cushions. Custom-made cushions displayed unique modi®cations to relieve contact pressure or
to stabilize sitting posture, which should be systematically provided for all patients. The
variety of cushion types and the frequent dissatisfaction with cushions seen in patients with
current pressure sores suggested a strong demand for the e�ective prescription of cushions.
Furthermore, 30% of all cushions had had an excessively prolonged use, indicating insu�cient
follow-up. A medical system including deliberate prescription and regular follow-up of
wheelchair cushions should be established for the e�ective prevention of pressure sores.
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Introduction

The pressure sore is a common complication of spinal
cord injury and may cause physical, economical, and
psycho-social problems.1 It may also result in many
secondary complications and there may occasionally be
a carcinomatous change.1 The sitting posture naturally
creates high contact pressures at the ischial tuberosities,
the coccyx, and in some cases the greater trochanters.
The magnitude of contact pressure over the ischial
tuberosities has been found to correlate well with
incidence of the pressure sores.2 Therefore, wheelchair-
bound patients are always at the risk of pressure sores
in these regions.

In recent years various designs of wheelchair
cushions have been introduced to relieve high contact
pressure at the bony prominences,3 ± 9 and some have
become commercially available in Japan. Although
there are no universal prescription standards for these
cushions, it is very important to select the appropriate
cushion for patients to e�ectively prevent pressure
sores. However, Japanese spinal cord injury patients
commonly use ready-made wheelchair cushions of
almost uniform shape and material, partly because
they lack understanding of wheelchair cushions as
medical therapeutic tools. To clarify the present state
of wheelchair cushion use in Japanese paraplegic

patients, we performed direct interviews with over
200 who lived independent lives about their wheelchair
cushions.

Subjects and methods

This survey was designed to obtain cross-sectional data
from various regions of Japan in 1989.

The subjects surveyed included 218 self-supporting
paraplegic patients, 201 males and 17 females (Table
1). All subjects became paraplegic as a result of a
traumatic spinal cord injury. Although the neurologi-
cal level of paralysis ranged from T1 to L5, the
majority of patients (159, 72.9%) had a T10 ±L1 level.
The survey was done in three di�erent places; 145
subjects were surveyed in outpatient clinics of three
major general hospitals (labor injury hospitals), 39 in
industries, and 34 were interviewed at a wheelchair
marathon. Ages ranged from 18 to 76 years (mean
43.3, SD 11.8), and body weight ranged from 30 to
93 kg (mean 57.3, SD 8.54). The period from onset of
spinal cord injury varied between 1 and 59 years
(mean 13.5, SD 8.95).

The subjects were interviewed directly about the
development of pressure sores (previous and current),
their physical condition, and their wheelchair cushions.
The survey of pressure sores and physical condition
are described in detail in Part 2 (Q.V).Correspondence: T Sumiya
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The wheelchair cushions were classi®ed as ready-
made or custom-made. Custom-made cushions were
made of ready-made material with modi®cations in
shape or material. The type, shape, material, and
thickness of cushions were recorded, and the subjects
were questioned on the duration of cushion use and
their feeling of satisfaction.

Furthermore, the in¯uence of various cushions on
the current pressure sore prevalence was statistically
analyzed by using the w2 test for independence
(P50.05).

Results

From a total of 568 wheelchair cushions, 533 (91.0%)
were ready-made and the remainder (53, 9.0%) was
custom-made (Table 2). Among the ready-made
cushions, polyurethane foam was the most common
material (76.3% of all cushions), with some subjects
choosing silicone gel ¯otation (12.1%), and less
frequently air-®lled pads (2.6%). Figure 1 shows
characteristic con®gurations of these three ready-made
wheelchair cushions. The polyurethane foam cushion
had a medium density10 and a ¯at sitting surface. The
silicone gel ¯otation consisted of a 5 cm thick silicone
gel pad sandwiched between polyurethane foam pads.
The air-®lled pad was composed of a rubber envelope
divided into several interconnected in¯atable compart-
ments, expanding to a thickness of 5 cm when ®lled.

The less common custom-made cushions exhibited
unique characteristics in shape and material as shown
in Figure 2. Some used harder polyurethane foam than
normal or combined polyurethane foam with other
kinds of material (eg cotton) to improve sitting
stability, and some of the foam cushions had a cutout
shape at the bony prominences to reduce high contact
pressure, preventing skin break down.

There were 503 cushions of 179 patients without
current pressure sores (sound-patients) and 83 cush-

Table 1 Neurological level and paralysis of subjects
surveyed

Neurological Paralysis
level Complete Incomplete Total

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
L1
L2
L3
L4
L5
Total

3
2
3
9
10
4
0
7
6
17
28
58
37
3
0
0
0

187

2
0
1
1
0
1
2
1
0
7
2
4
6
1
1
1
1
31

5
2
4
10
10
5
2
8
6
24
30
62
43
4
1
1
1

218

Table 2 Wheelchair cushions surveyed

Number of wheelchair cushions
Current pressure sores

Classifications Absent (Na=503) Present (Np=83) Total (N=586)

Type
(1) Ready-made cushions
(a) Polyurethane foam
(b) Silicone gel flotation
(c) Air-filled pad

(2) Custom-made cushions

460 (91.5)
391 (77.7*)
60 (11.9*)
9 (1.8*)
43 (8.5*)

73 (88.0)
56 (67.5*)
11 (13.3*)
6 (7.2*)
10 (12.0*)

533 (91.0)
447 (76.3)
71 (12.1)
15 (2.6)
53 (9.0)

Thickness
(1) 55 cm
(2) 5 ± 10 cm
(3) 410 cm

17 (3.4)
439 (87.3)
47 (9.3)

2 (2.4)
68 (81.9)
13 (15.7)

19 (3.2)
507 (86.6)
60 (10.2)

Duration of use
(1) Short use (51 year)
(2) Long use
(a) 1 ± 2 years
(b) 2 ± 3 years
(c) 3 ± 4 years
(d) 44 years

140 (27.8*)
363 (72.2*)
110 (21.9)
102 (20.3)
71 (14.1)
80 (15.9)

16 (19.3*)
67 (80.7*)
23 (27.7)
22 (26.5)
7 (8.4)
15 (18.1)

156 (26.6)

133 (22.7)
124 (21.2)
78 (13.3)
95 (16.2)

Feeling of satisfaction
(1) satisfaction
(2) dissatisfaction

438 (87.1)
65 (12.9)

54 (65.1)
29 (34.9)

492 (86.6)
94 (13.4)

( ) Percentages to each of Na, Np, and N. *Signi®cant di�erence between absence and presence of current pressure sores at
P50.05 level
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ions of 39 patients with current pressure sores (sore-
patients), as shown in Table 2. Sore-patients used
signi®cantly larger variety of cushions than sound-
patients, that is, the sore-patients' cushion group
showed less frequent polyurethane foam cushions
and more frequent silicone gel ¯otation, air-®lled
pads, and custom-made cushions than the sound-
patients' cushion group.

The majority (86.6%) of cushions had a thickness of
5 ± 10 cm, but some cushions were thicker than 10 cm
(10.2%) or thinner than 5 cm (3.2%).

Many patients posssessed more than one cushion
and used them alternately, day by day, or case by case.
The duration of use of each cushion varied from
within 1 year to over 4 years. Most cushions were
replaced after 1 to 3 years of use but some cushions
(approximately 30%) were in steady use for longer
than 3 years. The proportion of cushions replaced
after 1 year of duration in use (long use) was 80.7% in
the sore-patients' cushion group; this was signi®cantly
higher than in the sound-patients' cushion group
(72.2%).

Most users (175, 80.3%) were satis®ed with their
cushions and the remainder (43, 19.7%) was
dissatis®ed. The total number of satis®ed cushions
was 492 (86.6%) and that of dissatis®ed cushions was
94 (13.4%). The main reasons for dissatisfaction were
poor durability and un®tted hardness. The proportion
of dissatisfactory cushions was 34.9% in the sore-
patients' cushion group; this was evidently higher than
12.9% in the sound-patients' cushion group.

Discussion

The high rate of males (92.2%) in this survey sample
largely exceeds the general ratio of male paraplegic
patients in Japan (81.2% in 1990).11 This sample bias
was attributed to the main survey setting being labor
injury hospitals, because labor accidents more often
involve males.

Each type of commercially available wheelchair
cushion has functional characteristics that relate to
the control of normal pressure,3 ± 5,7 ± 9 and tissue
reaction to it,6 shearing force,11 humidity,12 tempera-
ture,8,12 and sitting stability,10 and will also have a
variable weight,4,6 cost,6 and durability.1 E�ective
pressure sore prevention requires careful considera-
tion of these facts and techniques.

The e�ectiveness of a clinic speci®cally for the
prevention of pressures sores has been reported
elsewhere in the world,2,13,14 but has not been
reported in Japan. In such a clinic, patients acquire
basic knowledge and proper technique for pressure
relief, and interface pressure is measured routinely to
detect the risk of pressure sores and to evaluate the ®t
of cushions. The cutout foam type of cushion has been
reported to be the most e�ective cushion for
redistribution of contact pressure under the ischial
tuberosities.2

Many of the custom-made cushions surveyed had
speci®c modi®cations (Figure 2); the cutout type was
designed on the same basis as the cutout cushions
described above, and the combined type was created to

Figure 1 Ready-made cushions: (a) Polyurethane ¯at foam; (b) silicone gel ¯otation; and (c) air-®lled pad

Figure 2 Three examples of custom-made cushions: (a) Cutout type-1; (b) cutout type-2; and (c) combined type
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obtain better sitting stability on the same basis as a
modular cushion system.8 We believe these modifica-
tions should be carried out systematically, as a medical
prescription for all patients who need e�ective pressure
relief or sitting stability. Previous studies have revealed
that no single cushion was clearly ideal from all
aspects, and therefore the selection and ®tting of
cushions to patients should be done on an individual
basis.7,9

The outstanding popularity of the polyurethane
foam ready-made cushion and the high satisfaction
with the use of this kind of cushion suggest this type
of cushion is superior to others. Polyurethane foam
has many advantages; it is readily available, there is a
large variety of types, it is inexpensive, lightweight,
easily transferred, and breathable. These various
advantages make this cushion universal and very
popular, bene®ting large numbers of Japanese para-
plegic patients. However, the signi®cant proportion of
patients with current pressure sores (39, 17.9%) and of
patients dissatis®ed with cushions (43, 19.7%) need to
be reduced by more careful consideration, given to the
selection and modi®cation of wheelchair cushions for
each individual patient. The almost uniform applica-
tion of polyurethane foam ready-made cushions to the
subjects of this survey should be reconsidered.

The frequent dissatisfaction of the sore-patients
with ready-made polyurethane foam cushions made
the patients search for various cushions designed for
e�ective prevention of their pressure sores. As a result,
the sore-patients possessed a signi®cantly larger variety
of cushions than the sound-patients.

The lifetime of cutout foam cushions is limited to
within 6 ± 12 months because they may only be used in
one direction, and therefore receive repeated stress on
the same area.2,15 In contrast, the lifetime of ¯at foam
cushions varies, partly because they may be used in
multiple directions or sides so that stress is dispersed
across the cushion and partly because many of them
are used alternately. However, there is no foundation
for a useful duration of ¯at foam cushions of longer
than 1 year. Moreover, foam cushions deteriorate with
time even without use, and contact pressure may reach
unacceptable levels after a long period.1 Therefore, the
excessively prolonged use of foam cushions is generally
undesirable. The signi®cantly higher proportion of
long use in the sore-patients' cushion group than in
the sound-patients' cushion group suggests that the
use of deteriorated cushion material has probably
played an important role in the persistence of pressure
sores. This resulted from an insu�cient follow-up of
prescribed cushions. Suitable follow-up systems are
required to encourage the patients to use their
cushions correctly.

Although various functional tests for ready-made
wheelchair cushions, including pressure evaluation,
have been reported in Japan since this survey, neither
improvement of prescription nor systematization of
follow-up has been reported as yet. A medical system
including deliberate prescription and regular follow-up

of wheelchair cushions should be established to
individually ®t the most appropriate cushions, not
only ready-made but custom-made, for paraplegic
patients for the e�ective prevention of pressure sores
in Japan.

Conclusion

A survey of 218 Japanese paraplegic patients who live
independent lives revealed insu�cient application of
wheelchair cushions for pressure sore prevention. Three
major ®ndings support this conclusion: (1) There was a
markedly high prevalence of polyurethane foam
cushions (76.3%) without modi®cation; (2) e�ective
modi®cations were only seen in a minority of cushions
that were custom-made (9.0%); and (3) the majority of
cushions (73.4%) were in prolonged use (over 1 year).
Furthermore, the high variety of cushions used and the
high frequency of dissatisfaction with cushions in
patients with current pressure sores suggested a strong
demand for prescription and ®t of appropriate wheel-
chair cushions. A medical system including deliberate
prescription and regular follow-up of wheelchair
cushions should be established for the prevention of
pressure sores in patients with paraplegia in Japan.
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