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Abstract

Forty-eight below-knee amputees compared
sockets designed using CANFIT computer aided
design (CAD) software with sockets designed
using conventional methods. Each subject was
fitted by one prosthetist who used conventional
techniques and one who used the CANFIT
system to design the socket. Prosthetists
alternated design methods for each new subject.
The prosthetist using the conventional techniques
was allowed up to 2 design attempts and the
prosthetist using the CANFIT system was
allowed up to 5 design attempts. After 2 design
attempts with each method 21% of the subjects
preferred the CANFIT design socket. Following
up to 5 attempts 54% preferred the CANFIT
designed socket. A jury of experts made an
assessment of the CANFIT system and of CAD in
prosthetics. The jury did not think that the version
of the system tested was cost effective but that at
the rate that it was improving it would become
such within 3 to 5 years. The jury noted that, as
well as monetary benefits, CAD presents the
possibility of benefits in other areas such as
research and teaching. A number of specific
suggestions regarding the use and development of
CAD in prosthetics were also made.

Introduction

Computer aided design and manufacturing
(CAD CAM) systems in prosthetics provide an
alternative to traditional methods for producing a
positive mould which can be used to make a
prosthetic socket (Lord and Jones, 1988;
Michael, 1989). CANFIT is one such system that
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has been developed by the University of British
Columbia and Shape Technologies Inc.
(Saunders et al., 1985; Saunders et al., 1989). In
the 1989 version of this system, a Northwestern
casting jig was used to load the tissue of the stump
while the prosthetist took th: necessary
measurements. The anteroposterior diameter was
measured at the mid-patellar tendon and the
mediolateral diameter was measured at the tibial
plateau using calipers. The length of the stump
was measured using a tape measure. The cross-
sectional area was estimated at 2.5cm intervals
along the stump using a handheld tool specifically
designed for this purpose.

A starting socket shape was selected
automatically for each subject from a matrix of 9
model shapes. This matrix included small,
medium and large sockets in tapered, cylindrical,
and bulbous shapes. The software selected the
model sockets which corresponded most closely
with the measurements taken and then
interpolated between model sockets to derive the
socket shape for the subject.

The prosthetist could view cross-sections of the
socket or could view the whol: socket as
represented by a wire frame or a shaded three-
dimensional representation. After viewing the
socket, the prosthetist could modi’y the shape
using one of the following three methods:—

1. to make localized changes to the shape the
prosthetist could use the patch method which
allowed mould material to be added to or
removed from a region of any size anywhere
on the socket,

2. the prosthetist could change the overall size of
the socket using “length” and “ply”
modifications. The length mode allowed the
distal end of the socket to be extended. The







Number |(Cummulative
CASD Number of | who prefer |“% who prefer
Socket # subjects CASD CASD
2 48 10 21%
3 38 8 38%
4 30 3 44%
5 27 5 54%
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necessity to reorganize present practices
(traditional work scheduling and patient
booking), and patient preference (if living close to
the prosthetics centre) for a few brief visits rather
than one all day visit. If current practices could be
reorganized to take advantage of the time savings
made possible with CANFIT then the system
could provide better service for out-of-town
patients who could decrease the length of their
stay, children who have little patience, and new
amputees who require several fits during the
period when their stump is shrinking.

Practical remote site service would be valuable
in the Canadian context because of vast distances.
The jury took the view that, because digitizers,
vacuum formers and numerically-controlled
machining systems are becoming less expensive
and are relatively portable, the fitting and
fabrication should be incorporated in a mobile
unit to service remote sites. The jury could not see
any benefit in having only the design part of the
system going with the travelling prosthetist. The
prosthetist would then have to wait for the leg to
be shipped back so that it can be fitted and then
would probably have to repeat the process
because it is likely that the first socket will not
fit properly. The process is not viewed as an
improvement over the prosthetist taking a cast
and sending that back to the fabrication facility.

Services for the Third World were thought tobe
realistic only if the costs were fully underwritten
by the Canadian government. It was thought
however that, in general, this approach does not
work on a sustained basis. Practical Third World
services, history has taught, should derive from
training of local practitioners and the innovative
use of local materials and talents with the
emphasis on self sufficiency. Both prosthetists
and committee members thought that the shape
information accumulated by using CAD could
eventually lead to some expert criteria for off-the-
rack sockets which would raise the present
minimum standards.

The jury agreed that a prosthetics facility can
increase its profit by increasing the number of legs
produced if:—

1. CANFIT could produce a good fitting socket
in the same, or fewer design attempts than the
conventional method so that the total time
spent by the prosthetists is less than it would be
if conventional methods are used, and

2. prosthetics facilities amalgamate so that the
facility has more clients per prosthetist and the

time saved by CANFIT can be use:d to fit more
amputees.

The system that was evaluated was not
considered cost effective as it was not able to
produce legs which fit as well as the conventional
legs in 1 or 2 design attempts. However, the new
version of the system which was demonstrated
and described, was viewed as potentially
profitable. In any case, it was agreed that more
clients per prosthetics centre would be necessary
to justify such systems. Justification of the system
would be easier if it included automated cosmetic
cover generation, automated alignment of the
limbs, automation of paper work, and packages
for spinal braces and footwear fabrication.

Although the system that was evaluated was
not deemed appropriate for commercial
application, the new version of CANFIT which
was under development at the time of the jury trial
seemed as though it might solve many of the
problems that were apparent in the: study. This
new system should be tested in clirical trials to
confirm these expectations.

The jury thought that CAD systems for pros-
thetics are on the brink of being commercially
feasible. Although the systems will probably not
be profitable tools for another three to five yearsit
may be wise to consider buying a system in the
next year or two so that the technology can be
integrated gradually. The changeover period will
allow clinicians to restructure their practices so
that they can take advantage of the strong points
of CAD and also allow them to develop a method
of screening to determine which clients are
suitable for CAD fittings. Jury members also
thought that it is important for prostaetists to use
these systems in the near future so that they can
have input into the development of this tech-
nology. Prosthetists who are considering buying a
system should plan to try testing the various
systems available by fitting an amputee or two
before committing themselves to a particular
system. The jury advocated that CANFIT system
suppliers be required to allow extensive try-
before-buy with real patients in the practitioner’s
own shop. Prosthetists should be forewarned that
in the short run they are likely to lose money by
investing in this technology and that their facility
must be able to absorb this short term loss. If they
do not think they can afford any immediate loss
but want to become involved, ‘hey should
consider sharing CAD resources with other
facilities.
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(cast digitization or non-contacting shape

sensing). Current research in CAD in prosthetics

seems to be focused on methods of graphically
representing sockets and on the interactive
methods used by prosthetists to change the shape.

While this work is important, the key questions

regarding the underlying methodologies, deserve

more study i.e.

1. what are the crucial measurements necessary
to design a socket? (The authors do notbelieve
that a complete description of the stump
surface is the solution.)

2. how are these measurements of a stump’s
characteristics ~ transformed into  an
appropriate socket shape?

The jury suggested that a remote site service
using a mobile clinic with a CAD workstation, a
carver and a vacuum former would be beneficial
in Canada. There are problems, however, not
considered by the jury in suggesting a complete
mobile clinic rather than a travelling prosthetist
with only a portable design station. These
problems include extremely long driving times
and many communities that are accessible only by
air.

Gradual integration was thought necessary to
allow a restructuring of current practices in order
to take advantage of the benefits of CAD. This
would allow clinicians to become competent and
efficient users of the system, and permit a client
screening protocol to be developed so that time is
not wasted trying to fit amputees not suited to the
current CAD technology. Most payback analyses
make the assumption that this process happens
instantly but there are always growing pains with
the introduction of new equipment and new
technology.

Conclusion

The CANFIT system (in the version tested)
was found, in a controlled single-blind trial, to be
capable of fitting below-knee amputees as well as
could be achieved with conventional methods.
However, more trial fits were required. A jury
predicted that the rate of evolution of the system
will lead to its profitable application in major
centres within 3 to 5 years and recommended
prosthetists consider acquiring a system in the
next 1 or 2 years in order to facilitate the gradual
and orderly introduction to clinical practice.
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