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Abstract.	 [Purpose] The purpose of this study was to determine the best adjustable cushions, for the maintenance 
of normal sitting balance by healthy persons in wheelchairs, from a foam cushion, and a newly-developed air-ad-
justable cushion. [Subjects] Eighteen healthy participants (9 men, 9 women) were recruited. [Methods] Participants 
were evaluated using the Force Sensing Array System to assess average sitting pressure and the symmetry index of 
chair sitting under the following conditions: no seat cushion, a foam cushion, and a newly-developed air-adjustable 
cushion. [Results] The results show that there were no significant differences among the average sitting pressures 
which were measured on the hard surface of a chair, a foam cushion, and the newly-developed cushion. The air-
adjustable cushion’s symmetry index turned out to be closer to 0 than those of the foam cushion and the hard surface 
of the chair. [Conclusion] We suggest that the newly-developed air-adjustable cushion contributes to a more sym-
metrical sitting posture than the basic foam cushion or no seat cushion.
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INTRODUCTION

Because the population is aging, the number of disabled 
people is continually increasing. The number of people 
in South Korea with disabilities has been estimated to be 
2,520,000 people. Of these, 1,340,000 (53.1%) were report-
ed to be physically disabled, and 260,000 (10.4%) had a neu-
rological disorder in 2010. Thus, there are many wheelchair 
users, and because of the natural aging of the population, 
this number will increase in the future1).

Korean wheelchair services for disabled persons do not 
reflect the characteristics of patients’ physical handicaps, 
whereas patients require services that are tailored to their 
needs. As a result, many cases have emerged in which 
wheelchair users have developed various kinds of second-
ary complications or aggravated symptoms2).

Disabled people require more postural support than a 
common chair or wheelchair provides. To achieve this, the 
wheelchairs and chairs used by disabled persons require 
modification or a specially designed seating system3). A 
seat cushion provides benefits well beyond comfort, includ-
ing pressure management and positioning that can reduce 
fatigue and enhance seated balance throughout the day.

Wheelchair seat cushions are generally filled with water, 
foam, gel, or air. Recently the frequency of use of a combi-

nation of materials has been increasing. The seat pressure 
characteristics of wheelchair seat cushions have been found 
to be best in terms of the materials used. Air, gel, and foam, 
in that order, provide superior seat pressure characteristics 
in wheelchair seat cushions4). However, Rosenthal5) report-
ed that the seat pressure of air cushions is worse than that 
of gel or polymer foam cushions, and that the quality varies 
among different products.

Some researchers have compared and analyzed many 
variables related to cushion contact pressure, but there have 
been no clear findings as to what the best material for seat 
cushions is6, 7). It is necessary to develop new products, and 
further research is needed to assess the seat pressure char-
acteristics of wheelchair seat cushions. Accordingly, this 
study developed an air-adjustable seat cushion filled with 
foam, and then compared its sitting pressure characteristics 
with a commonly used foam cushion and the hard surface 
of a chair.

SUBJECTS AND METHODS

The study subjects were 18 healthy persons (9 men, 9 
women) aged 20–32 years (7 ± 3.6 years). The averages of 
their heights and weights were 170.0 ± 7.1 cm and 62.7 ± 
11.9 kg, respectively. None of the subjects suffered from 
any neurological or orthopedic disorder that might have 
interfered with the goals of the research. All subjects read 
and signed an informed consent form, which was approved 
by Inje University Ethics Committee for Human Investiga-
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tions, prior to their participation.
Force Sensing Array (FSA) System 4.0 software (Vista 

Medical, 120 Maryland Street, Winnipeg, Manitoba R3G 
1L1, Canada) was used to assess the participants’ symmetry 
and the average sitting pressure. The FSA system comprises 
a pressure-sensing mat (48×48 cm) containing 256 sensors 
connected to a computer through an interface module. The 
acquisition frequency was set to 5 Hz. The designated soft-
ware was used to calibrate the system in 20 mmHg intervals 
to a maximum of 200 mmHg8). Data computed from the 
sensors are presented in a color-coded contour map with 
numerical pressure values. The contour map visually dis-
plays the pressure distribution on the seat, and each map 
is accompanied with numerical values, including average 
pressure (the mean of the sensor values) and maximum 
pressure. The symmetry index was used to assess the dif-
ferences in pressure distribution during sitting. In order to 
measure the pressure distribution for the left and right hip, 
the bilateral 9×9 (13.5×13.5 cm) pressure transducer data 
from the area of the ischial tuberosity were processed. The 
symmetry index formula is shown as follows9, 10):

Symmetry Index (%) = [Variables (Lt. side)-Variables 
(Rt. side)/Variables (Lt. side) + Variables (Rt. Side)] 
×2×100

All participants were evaluated on the same chair and 
were randomly assessed on this chair using the following 
conditions: no seat cushion (hard chair), a foam cushion, 
and the newly-developed air cushion. To fulfill the research 
purpose, this study used a basic chair with a floor-to-seat 
height of 50 cm, seat depth of 40 cm, and seat width of 
46 cm. The newly-developed air cushion (OK Meditech, 
Korea) is made from urethane and has small air holes so 
that air can move in and out of the cushion. Urethane foam 
functions as a filler, so that when subjects sit down, the 
air moves out of the cushion and the shape of the cushion 
changes to suit the subject’s body. The foam cushion used 
in this experiment was made of polyurethane, which is a 
common material.

When sitting on the hard surface of the chair, users sat in 
a relaxed position with the hip joint, knee joint, and ankle 
joint flexed at 90 degrees; the foothold height was adjusted 
to accomplish this. The subjects’ hands were positioned on 
their thighs.

Once they were seated on the chair, we asked subjects 
to keep looking forward and not to move after the FSA mat 
flat on a chair placed. We measured the pressure between 
the surface and participants’ bodies for 70 seconds6). We 
discarded the first and last 5 seconds, keeping the middle 
60 seconds of data for the analysis. The data were analyzed 
using SPSS version 17.0. Kruskal-Wallis H verification was 

employed to analyze the differences among the average sit-
ting pressures and symmetry indexes.

RESULTS

Our analysis showed that there were no significant dif-
ference among the average sitting pressures, which were 
62.50 mmHg, 61.92 mmHg, and 60.95 mmHg for the hard 
surface chair, the foam cushion, and the newly-developed 
air-adjustable cushion, respectively (p>0.05). The symme-
try index was 23.45% for the foam cushion, 7.44% for the 
hard surface cushion, and 5.80% for the newly-developed 
air cushion. Thus, the newly-developed air cushion’s sym-
metry index was closer to 0 than those of the foam cushion 
and the hard surface of the chair (p<0.05) (Table 1).

DISCUSSION

Recently, the number of wheelchair patients has in-
creased, but there are many cases where an unsuitable 
wheelchair causes difficulties for users, and this problem 
has been not yet been solved2, 11). According to Thyberg’s 
research12), 87% of wheelchair patients responded that the 
seating system is the most important element of a wheel-
chair, and the need for customized wheelchair seats is also 
increasing. Ready-made seats are cheap, but pose difficul-
ties when it comes to meeting every client’s physical needs. 
On the other hand, while customized seat cushions are tai-
lored to each individual, they are costly. Moreover, custom-
ized seats do not adjust to users’ growth, weight fluctuation, 
deformity, or clothing, and clients might need to repurchase 
the product in the future. Wheelchair users require cheap, 
customized seats that can be adjusted to suit their clothing 
and any change in physique. Thus, we developed a custom-
ized seat cushion, which can be adjusted by air pressure, 
and compared its pressure characteristics with those of 
other support surfaces so that customers can choose appro-
priately.

According to our analysis, there were no identifiable dif-
ferences among the average sitting pressures, but the sym-
metry index of the newly-developed air cushion, which can 
be controlled by air pressure, was close to 0. The range of 
the symmetry index is from 0 to 100, and a symmetry index 
of 0 means the pressures on both sides of the body are the 
same. High symmetry index values indicate that there is a 
large pressure difference between the left and the right9). 
In this study, the newly-developed air cushion exhibited a 
lower symmetry index than the hard surface of the chair. 
This result occurred because the newly-developed air cush-
ion could control air pressure and hardens after sitting to 
suit the user’s body.

Table 1.  Comparison of the average sitting pressures and symmetry indices according to the sitting surface

  Chair sitting Foam cushion Newly-developed 
air cushion

Average sitting pressure (mm Hg) 62.50±4.33 61.92±4.90 60.95±5.93
Symmetry index (%)* 7.44±5.28 23.45±22.14 5.80±4.68

*p<0.05
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Rhee13) reported that it is better to use a padded seat if 
possible, because if a wheelchair seat is too soft, lateral in-
clination of the pelvis may occur. In addition, Park et al.14) 
remarked that a hard surface chair supports a symmetri-
cal pose. Cushions should be designed based on comfort, 
and need to promote proper position and balance for each 
individual, aiming to lower the probability of pressure ul-
cers15, 16). Among the seat cushion evaluation factors related 
to the development of pressure ulcers, interface pressure is 
most relevant17). Thus, in this study, we evaluated average 
sitting pressure, and the result for each type of seat sur-
face was greater than 60 mmHg. The sitting pressure of the 
newly-developed air cushion was the lowest. The probabil-
ity of pressure ulcers is known to rise at values of more than 
60 mmHg of pressure, but there are no clear standards for 
reducing the pressure to avoid pressure ulcers17).

There are some examples of the application of draft de-
sign using a conventional stress measurement method for 
seat cushions that are curved on the bottom18). However, 
these products are not yet available on the market. There-
fore, studies of customized seat cushions are expected to 
provide users with better option. However, since this re-
search did not target real wheelchair users, it needs to be 
compared with analyses of disabled and healthy persons’ 
use of wheelchair seating.
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