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¢ biomechanics,
* human walking,
e artificial limbs,

15

* ambulation aids, and
* rehabilitation engineering.

PRESENTATION

The evolution of Computer-Aided Designh and Man-
ufacture (CAD-CAM) as a method of producing pros-
thetic sockets can be seen in the transition from manual
to computerized production. In the conventional or man-
ual approach, plaster is used to create a negative mold of
the residual limb. The mold is then filled with plaster to
make a positive model, which is carefully hand-scul pted
into final form. The socket isthen laminated or vacuum-
formed over the model.

With CAD-CAM, various technologies can be used,
such as laser scanning or magnetic resonance imaging
(MRI), to create adigital representation of the “topogra-
phy” of theresidua limb. This digital image can then be
modified, on a computer screen, using specia software.
These data are then fed to an automated carving, or mill-
ing, apparatus that shapes the residual-limb model out of
foam, or a mixture of plaster and corn starch. In one sys-
tem, called “SQUIRT Shape,” the data are used to form
the socket directly, without a model. Finally, a socket is
formed around the model with the use of a vacuum
former and thermo-plastic.

Historically, the development of CAD-CAM stems
from the initia conception and engineering work by
James Foort, in the 1960s and 1970s. In the late 1980s,
companies such as BioSculptor and Shape Products
were founded. The 1990s saw the advent of more
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sophisticated CAD-CAM systems, such as the VA-
developed Seattle Limb system and the Otto Bock sys-
tem. The first working model of a CAD-CAM prosthet-
ics system was displayed at the 1983 World Congress of
the International Society of Prosthetists and Orthotistsin
London.

Today, approximately eight different CAM-CAD
systems are on the market, most of which are proprietary.
From a positive viewpoint, these systems were al suc-
cessful, and the diversity of CAD-CAM systems avail-
able today may simply reflect the natural process of
product evolution. However, the drawback to so many
companies and diverse methodologiesis alack of unifor-
mity and standardization.

The SQUIRT Shape socket-fabrication method, just
mentioned, was pioneered by the VA Chicago Health
Care System—L akeside. The system fabricates sockets
by extruding a continuous bead of molten plastic and
laying it down in the desired socket form. This method,
which makes a socket in about 30 minutes, does away
with intermediate steps, such as the fabrication of plaster
blanks and the carving of positives, and enables the
socket to be fabricated in a single operation. One day,
entire prostheses will be produced with this technology.

From an economic perspective, computerized pro-
duction is superior to manual. A study done in the labo-
ratory of Finnieston Clinic, Inc., in which ten patients
were fitted manually and then were fitted using CAD-
CAM found that the CAD-CAM process was up to four
times more efficient.

KEY POINTS

* CAD-CAM has become widely accepted as a timesav-
ing, cost-effective means of producing prosthetic
sockets.

* There are numerous digitizing devices, software pack-
ages, and milling (carving) machines on the market.
Prosthetic labs can acquire complete systems or com-
bine individual components.

* The SQUIRT Shape system may eventually be used to
fabricate an entire prosthesis, along with the socket.
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