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Evaluation of cushions 235

games (with a joy-stick on the lap) and propulsion
of a wheelchair.

The effects of wheelchair motions were found
to be relatively minor for a given cushion
compared to the effects of bodily movements.
Either micro-movements or short transients
could be superimposed on macro-movements. In
other words, a change of posture could occur,
represented by a large shift in pressure
distribution, followed by the presence of small
pressure oscillations indicating further small
trunk or limb movements or wheelchair
movements.

Cushions

Pressures varying between 50 and 150mmHg
(6.7kPa—20kPa) were recorded on the three
types of cushions tested in this study which is
consistent with the results of previous pressure
studies on cushions when allowances are made for
differences in measurement technique including
the fact that all previous studies have measured
pressure statically (Houle, 1969; Mooney et al.,
1971; Cochran, 1973; Souther, 1974; Palmieri,
1980; Garber et al., 1978; Krouskop etal., 1986).
Unfortunately achieving interface pressures less
than capillary pressures appears difficult from the
practical point of view and, although there have
been many attempts at cushion design, no cushion
has been found to keep pressures below capillary
pressures at all points.

In this study, the characteristics of the cushions
were found to influence the interface pressures.
Their effectiveness depended on their ability to
distribute pressure and reduce peaks caused by
movements so that average pressure over time
was minimized. The differences between these
cushions just reached statistical significance
across the subject group (p<<0.1). The mean
pressures recorded for the subject group on each
cushion were: Foam==87.6mmHg (11.6kPa);
Gel=68.6mmHg (9kPa); Roho=50.6mmHg
(6.7kPa).

The pressure distributions recorded for the
individual subjects depended on the cushions on
which they were obtained. Three examples are
given (Figs. 7, 8 and 9) that illustrate the
variability of pressure that can occur with time for
a given subject as well as between subjects on
different cushions.

Subject 1: A foam cushion could be potentially
hazardous because this subject demonstrated a
tendency to sit with high pressures under one
buttock. Since foam is not a fluid material this
pressure difference was not accommodated. This
pressure difference improved on the Gel cushion,
but still tended to be high (105mmHg or 14kPa)
under the left buttock. On the Roho the pressures

under the left and right buttocks were equalised
and reduced to near capillary levels.

Subject 2: On all three cushions, pressure was
distributed approximately equally between
buttocks but tended to be high on foam. Both the
Gel and Roho cushions produced acceptable
pressures.

Subject 3: Acceptable pressures were obtained
on all cushions for this subject with similar
distributions of pressure for all cushions. For such
a person, the need for a special cushion is not vital
and a standard 100mm (4") foam would be
acceptable in terms of pressure. It is of interest to
note that, at the time of testing, this subject had
retained much of his muscle bulk and tone in the
buttock and posterior thigh regions which
provided a relatively well padded sitting area
compared to many disabled persons.

For all subjects the pressure histograms for
Foam and Gel tended to be broad and flat (Fig.
10). An explanation for these shapes may, in part,
be obtained by reference to the nature of the
damping effects of each type of cushion. Similar
damping ratios for Foam and Gel type cushions
have been demonstrated by Cochran and
Palmieri (1980) using a flat indenter in “bench
tests”. This finding reinforces observations made
in the present study. It was apparent from an
inspection of the pressure-time traces that
transient pressures of short duration occurred
more frequently on the Foam and Gel cushions
than on the Roho. Relatively small changes in
position could produce large changes in pressure
and possible “bottoming-out” on Foam. The
same picture was not always true of Gel: the
temperature of the Gel, the subject’s anatomical
shape and the rate of change of movement all
appeared to. affect the degree of damping
afforded by the Gel. With regard to movement,
rapid changes (short transients) tended to
generate high pressure spikes but slower motions
could be absorbed to some extend by the “flow”
of the Gel. If the supporting Gel medium was
allowed to flow freely it would, according to the
laws of fluid dynamics, distribute pressure evenly
throughout the entire supporting medium.
However, the cover enveloping the Gel limits
flow owing to its elastic limits i.e. surface tension.
This means that ideal pressure distributions are in
fact difficult to achieve on Gel type cushions and
explains why dynamic pressures are not easily
dampened resulting in broad frequency
distributions for this type of cushion. It is of
interest to note that high static pressure readings
on Gel type cushions ranging from averages of 70
to 95mmHg (9.3—12.7kPa) have also been the
surprising finding of several other authors
(Mooney et al, 1971; Souther et al, 1974;
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