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• artificial limbs,
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PRESENTATION

Tunnel cineplasty is a surgical technique for attach-
ing muscle in the residual limb to the prosthesis. While
no longer popular, newer cineplasty methods have the
potential to provide excellent sensory feedback and con-
trol for the prosthesis wearer. Similar, in one sense, to
osseointegrated fixtures, the body is working on direct
attachments. The ability to connect a prosthesis with the
body, allowing for a natural way of working, is thought
to be a good concept for prosthetics design.

Tunnel cineplasty was developed initially by Ger-
man surgeon Ernst Ferdinand Sauerbruch, before World
War I, based on earlier work in Italy. With the use of a
team approach to rehabilitation—surgeon, physiologist,
and technician working together—tunnels were con-
structed in the muscles of the residual limb and lined
with skin grafts. Connecting pins inserted into the skin-
lined tunnels allowed the force of the muscles to travel
directly to the prosthesis.

There were several stages in the evolution of this
method, including the biceps tunnel cineplasty devel-
oped by surgeon M. Lebsche, a student of Sauerbruch.
This procedure was performed on many veterans after
World War II. With a biceps tunnel, when the muscle is
relaxed, the hand is open. When the muscle is con-
tracted, the hand is closed and the force in the fingers is
proportional to the force in the muscle. This method
allows for sensory feedback, a useful property.

Although tunnel cineplasty fell out of favor by the
1970s, partly because of several cases in which the pro-
cedure failed to transfer sufficient muscle power to the
prosthesis, more recent versions of the procedure have
addressed this issue. The technique developed by
Dr. Robert Beasely, called “tendon exteriorization,”
enables muscles and tendons to be hooked up to external
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controllers that basically multiply the power to the pros-
thesis, while still preserving the same degree of control.
Today, development of high forces in the muscle and
forearm is not necessary, since low forces can suffice; a
control system can be used to transduce low forces into
high forces.

Extended physiological proprioception refers to the
capability of specially designed controlling devices to
allow the input to “feel” the condition of the output. Sen-
sory messages from the skin and muscle in the cine-
plasty are relayed to the user. The user can sense where
the prosthesis is going and what kinds of forces are act-
ing on it. This is an improvement over the more common
myoelectrical control, which uses the electrical signal
generated by the muscle but not the actual force of the
muscle.

The use of external power sources for the prosthesis
has enabled smaller cineplasties to be performed. This,
in turn, creates the possibility of multiple cineplasties in
a group of muscles, e.g., the forearm, to create a greater
degree of control in the fingers of an artificial hand.

The successful development of these methods hinges
on a true interdisciplinary effort, one in which the sur-

geon, the technologist, the prosthetist, and the engineer
work together on these types of systems.

KEY POINTS

• Tunnel cineplasty, which applies the force—not just
the electrical impulse—of the muscle to the prosthesis,
provides sensory feedback and better control to the
user.

• Effective surgical techniques (whether old or new)
should be combined with promising new technologies.

• Advancing the science of prosthetics will require
cooperation between the surgeon, physiologist, tech-
nologist, and bioengineer.
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