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Subjective studies on the preferred location of
castor wheels have however been undertaken,
the conclusions of which will be presented in
the next section.

Design features of attendant propelled
wheelchairs

The occupants of attendant propelled
wheelchairs are affected directly by the comfort
offered in terms of seating, posture, ride
comfort and various chair dimensions. The
attendants, however, are confronted with the
problems of transferring patients to and from
the chairs and with the difficulty of pushing and
manoeuvring the chairs. It is these two aspects,
transfer and mobility, and the design features of
wheelchairs that relate to them that are
considered here. Research into attendant
propelled wheelchairs carried out over several
years in the School of Biomedical Engineering
in Dundee University provides some of the
background for the following discussion.

Patient transfer

The main components of the wheelchair
which determine the ease of patient transfer are
the footrests, armrests and brakes. These are
considered in turn in the following.

Footrests

Footrests are essential on wheelchairs but
they add considerably to the difficulty of
transferring patients into or out of them. The
process of removing the footrests from under
the feet of a patient prior to transfer out of the
chair (or the reverse procedure following
transfer into the chair) carries risks of injury to
the patient and risks to the attendant of strain,
particularly to the back.

Some hospital wheelchairs have fixed
footrests. These cause difficulties because
patients either have to stand up on the footrest
and then step down onto the floor from it, or
they have to place their feet on the floor ahead
of the footrest which makes standing up
difficult because there is a large horizontal
distance between the seat and the patients’ feet.
In the first case patients could fall while in the
second case patients may have insufficient leg
length to reach the floor and, even if they have,
a very large lifting force is required from the
attendant to get them standing vertically. The
remaining hospital chairs and the domestic
chair supplied by the National Health Service in

the United Kingdom require the patients feet to
be lifted and the footrests to be swung or slid
away before placing their feet on the ground
and helping them to stand. It is not uncommon
for the patient’s condition to be such as to make
this procedure very difficult to carry out;
attendants often have to kneel on the floor to
accomplish it successfully.

Research in Dundee has been aimed at
gaining a better insight into the footrest
problem and producing improved designs
(Frank and Abel, 1990). In an initial study,
several different footrests, including some
novel designs, were assessed by nursing staff in
a variety of hospital wards. It was found that an
elevating type of footrest was highly favoured
above others. This footrest consisted of a single
thin plate that could be lowered to, or raised
from, the floor by means of a foot-lever
operated by the attendant. In one of the wards
(neurological) it was observed that nurses
tending certain patients had severe difficulty
with any of the footrests except the elevating
type. The most immobile patients required two
nurses to kneel on the floor in order to swing
the patients legs forward and move the
footrests into place.

Following this investigation into footrests on
ward chairs, a similar study using porters’ chairs
was carried out. The elevating footrest was as
favourable amongst porters as it had been with
nurses. As a result of these studies a prototype
wheelchair was constructed with an elevating
footrest as the starting point of the design. A
latching strut was utilized to hold the footrest in
the raised position and the attendant was able
to control the lowering as well as the lifting of
the footrest.

In this particular design the front end of the
chair, to which the footrest is attached, is raised
using the front wheels as a fulcrum (Fig. 5).
Other, perhaps more complex and costly,
mechanisms could be used. For example, the
footrest alone could move using a vertical slide
or four-bar-link mechanism, or the chair and
attached footrest could recline about an axis
under the seat. A different approach to the
footrest problem could be to retain the present
type of footrest that folds or slides out of the
way and devise a means for raising the patient’s
legs together or in turn. For example, the seat
and back of the chair could recline so lifting the
patient’s feet clear of the footrests.













