HISTORICAL NOTE

From Willow Wood to Silicone Rubber

Dueto accidents, birth defects, disease,
and the human penchant for war, medical
researchers throughout history have
searched for ways to replace damaged
parts of the human body for both func-
tional and aesthetic reasons. As early as
several centuries B.C., crude prostheses
were made of natural materials. Today’s
advances in plastics, ceramics, and metals
have made possible artificial components
for virtually every mechanical part of the
human anatomy, including bones, blood
vessels, and heart valves.

Because walking is so important, artifi-
cial legs were the first prostheses to be
widely accepted. Lowet-extremity ampu-
tees were willing to accept any sort of pro-
sthesis that would allow them to move
about. Wooden legs were used as early as
the seventh century B.C., and designs
kept improving over the years so that to-
day’s versions are generally more sophisti-
cated than other artificial limbs.

Most artificial legs have been made of
willow wood because of its durability and
flexibility. For a below-knee prosthesis, a
wooden socket is fitted to the shape of the
stump. A wood and metal foot is attached
to the ankle joint to allow some motion of
the ankle and toe. Another type of artificial
foot, the SACH (for solid ankle, cushioned
heel), made of solid metal or wood has lay-
ers of rubber on the heel to provide addi-
tional cushioning. For stability at the upper
end of the prosthesis, metal joints allow
the knee to bend more easily, and a heavy
leather thigh piece laces tightly to the up-
per leg. The thigh piece supports some of
the wearer’s weight so that all the stress is
not placed on the stump itself.

In the last few decades, a more modern
type of below-knee prosthesis has been
made of plastic and fits the stump with to-
tal contact. While many of these plastic
legs are fitted with the metal knee joints
and a thigh piece, others are attached by a
strap that passes above the kneecap.

Above-knee leg prostheses are made
from two willow sockets. The lower part is
similar to the below-knee prosthesis, but
the upper part is hollowed out to fit the
stump and has braces that extend to the
pelvis to support the wearer’s weight. The
upper and lower patts are fastened to-
gether by a mechanical knee joint which,
while it does not give the wearer direct con-
trol of the leg’s bending, still allows reason-
ably normal walking with practice.

Throughout history, major improve-
ments in the designs of prostheses have
occurred after large wars. Surgeon Am-

Seventeenth century artificial hand from the
Germanisches National Museum,
Nuremburg. Photo courtesy of Dr. Denis C.
Lee, University of Michigan Medical
Center.

broise Paré is credited with creating the sci-
ence of prosthetics in France in the 16th
century. Paré spent years as a battlefield
surgeon and performed many amputa-
tions. He devised artificial hands and arms
for wounded soldiers.

In the 16th and 17th centuries, other bat-
tlefield surgeons created metal hands
made either in one piece or with movable
parts. After the 18th century, the metal
hand gave way to the hook or a single-
piece metal hand covered with leather and
attached to the arm stump with a leather or
wooden shell. After World War I, the U.S.
Army Prosthetic Research Laboratory
(APRL) produced the APRL hand, a
jointed metal hand covered with a rubber
glove colored to match the wearer’s skin.

New lightweight materials and better
mechanical joints were introduced after
World Wars I and II, when arm prostheses
began to be made from plastic reinforced
with glass fibers. After 1958, numerous
birth defects caused by the sedative thalid-
omide led to voluntary amputations to re-
move grossly deformed limbs, to be
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replaced with prostheses. The currently
used below-elbow arm is made from a
plastic shell and a metal wrist joint contain-
ing a hook or hand attachment.

Other body parts have also been re-
placed. Glass eyes came into use in the
17th century. Danish astronomer Tycho
Brahe lost his nose in a duel in 1565 (he and
another student engaged in a swordfight
to prove who was the better mathemati-
cian!) and for the rest of his life he wore a
metal cap in the shape of his nose, held in
place on his face with a sticky salve. Today,
medical sculptors carefully create lifelike
noses and ears of silicon rubber.

The replacement and repair of teeth is
one of the oldest areas of prosthetic inven-
tion. The ancient Etruscans used banded
bridges (a span of one or more artificial
teeth cemented to adjacent natural teeth);
the Phoenicians used wire restorations.
Human teeth, animal teeth, or teeth carved
from ivory were used as replacements. En-
tire upper or lower dentures were carved
from solid pieces of wood or ivory.

In the latter part of the 18th century, teeth
fashioned from porcelain were introduced.
Plastic teeth came into use in the current
century. The color and texture of teeth vary
greatly from person to person, but new
porcelain and plastic materials have been
developed to the point where crowns,
bridges, and partial or complete dentures
are nearly indistinguishable from natural
teeth. Chrome alloys and gold alloys have
been developed with material properties
specific to uses as clasps, bars, and bases
for prosthodontic attachments.

Stainless steel, chrome cobalt, and silver
have been used for years as pins and as
plates and artificial joints to repair faulty
hip joints or damage to the skull and jaw.

Replacing damaged or faulty soft tissue,
such as cartilage and organ tissue, proved
aninsurmountable problem until the intro-
duction of medical-grade silicones. Hydro-
cephalus shunts, which drain excess
cranial fluid from the brain, are made from
Silastic silicone rubber and have been im-
planted in over 200,000 patients. Arteries of
Dacron and Teflon have been used in
many other people. Silastic silicone rubber
and medical-grade silicone fluid are being
used to reconstruct soft tissue destroyed by
accidents, cancer, or birth defects. Other
new biomaterials are being fabricated for
specialized replacements in the human
body, including artificial skin, bladders,
corneas, bile ducts, urethras and ureters,
and tracheas.
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