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VACUUM FORMING OF PLASTICS IN
PROSTHETICS AND ORTHOTICS

The first refetence to vacuum forming of plas-
tics applied in orthotics appeared in 1968, in an
article in ‘‘Orthopaedics: Oxford”” by Dr.
Gordon Yates of England (14). In this well-
illustrated article, he described the gnd products,
lower-limb orthoses of polypropylene and ABS
(acrylonitrile-butadiene-styrene) but left much to
the imagination concerning the fabrication pro-
cedure. Included were Helfet heel-cups (similar
to the University of California at Berkeley shoe
inserts) (6) (7) (9), ankle-foot orthoses (AFO),
and knee-ankle orthoses (KAQ).

Inspired, apparently, by Yates, the Ontario
Crippled Children’s Centre and the George
Brown School of Applied Arts and Technology,
both of Toronto, Canada, began in 1970 a pro-
gram in the application of vacuum-forming tech-
niques in orthotics, at all levels, and to some
degree in limb prosthetics (1) (2) (8). The result
of this program was the design and development

"of a machine especially suited to needs of ortho-
tists and prosthetists (Fig. 1). Eventually ma-
chines of this type were made available commer-
cially by VAF Industries, Ltd. also of Toronto.

In 1969 Snelson and Mooney of Rancho Los
Amigos Hospital, Dbwney, California, received
a grant from the Social and Rehabilitation Ser-
vice, Department of Health, Education, and Wel-
fare to develop a practical method for fabrication
of a transparent socket. Methods of making clear
sockets had been developed previously but none
was sufficiently practical, even for use in re-
search programs. After some experimentation,
Snelson and Mooney turned their attention to
vacuum-forming polycarbonate sheet stock in
spite of being told by suppliers of the materials
that *“it won’t work."" The result was a method of
producing plastic sockets, both clear and other-
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Fig. 1.

Front view of the vacuum-forming machine
developed at the Ontario Crippled Children’s Centre.
The male model is forced upward into the semimolten
plastic sheet by a compressed air actuator.

wise, using very simple equipment (Fig. 2) (10)
(13). Further experience has shown that this
simple method is also suitable for production of
AFOs. Success with this method of production
has persuaded Orthomedics, Inc.? to make a
simple compact machine available commercially
(Fig. 3).

In 1969 the Arkansas Cerebral Palsy Equip-
ment Center began the use of individually molded
wheelchair-seat inserts for severely involved
cerebral palsied patients (3). The first sixty units
were laid up in the conventional manner using
fiberglass and resin, but since 1972, the seat in-
serts have been produced by vacuum-forming
ABS over a mold using a machine commercially
available from the EMC Co.* for fabrication of
plastic signs and other items. By use of the
vacuum-forming technique, the production rate
has been increased about 300 percent. In addi-
tion to the cerebral palsied patients, the Center is

- providing seat inserts for paraplegic and quadri-
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Fig. 2. Snelson’s original manual technique to make transparent sockets for artificial limbs. Lefr, the Lexan sheet,
placed in a metal frame, has been heated to a semimolten state; center, it is drawn down over the male model and,

after air has been drawn out through the central pipe, the Lexan is pulled in until it conforms to the male model.

Right, the gross casting is being removed from the machine.

Fig. 3. The commercial
machine. A rectangular platen is substituted for the
round one when most orthoses are to be formed.

version of the Snelson

plegic patients in order to spread the load over
the weight-bearing areas when the patient is
seated.

(An interesting facet of the Arkansas pro-
cedure is the method used for taking the impres-
sion, which consists of the revival of dilatancy
(11), a process also employing the use of vacuum,
and one which has been tried from time to time in
taking impressions of amputation stumps. It may
be time to initiate new experiments in dilatancy in
view of the new knowledge gained and new
processes developed over the years.)

As part of its evaluation program, the Com-
mittee on Prosthetics Research and Develop-
ment ordered a prototype machine from VAF
(Fig. 4) and sent it to the Veterans Administra-
tion Prosthetics Center for trials. Primarily be-

cause ofelectrical problems, it was difficult to ob-
tain experience sufficient to evaluate either the

equipment or the process. Meanwhile, Moss
Rehabilitation Hospital in Philadelphia, because
they could not obtain early delivery from VAF,
purchased a large commercially available
machine from Plastic Vac, Inc.,®> primarily to
make lower-limb orthoses (Fig. 3).
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