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lessons the the past have made it apparent
that it is more appropriate to evaluate the
merits of each system in relationship to the
needs and capabilities of the specific seg-
ments of the upper-limb amputee popula-
tion rather than to design a single system
which must be effective for all segments of
the upper-limb amputee population.

Studies published in the 1970’s have
estimated the total upper-limb amputee
population to be approximately 100,000
persons, (2, 3, 4, 6, 8). Of these, approxi-
mately three percent are bilateral and
approximately 60 per cent are below-elbow
unilateral amputees. These estimates are
important inasmuch as they indicate that
although unilateral below-elbow amputees
represent the majority of the upper-limb
amputee population they are, for the most
part, wearing the same terminal device as
the bilateral amputee or the above-elbow
unilateral amputee.

Since the capabilities of bilateral above-
elbow amputees, and below-elbow ampu-
tees are fundamentally different, the lack of
a diverse offering of terminal devices forces
amputees to rely on the same voluntary-
opening “standard hook.” For example, a
below-elbow amputee retains the functions
provided by the elbow joint and, thus, pos-
sesses considerably more “leverage” than
the above-elbow amputee. However, the
weak and ineffective gripping potential of
the voluntary-opening split-hook equal-
izes the potentials of the two different types
of amputations. That is, the below-elbow
amputee has no more potential for gripping
strength than the above-elbow amputee.
Conversely, with a voluntary-closing ter-
minal device, gripping strength increases
with the amount of the residual limb. Thus,
a wrist disarticulee has greater capability
than a 4-inch below-elbow amputee, or an
above-elbow amputee. This lack of inno-
vation in terminal device design is as re-
sponsible for the degree of disability exper-
ienced by the majority of the upper-limb,
unilateral below-elbow amputees as the
nature of the amputation itself.

Advances have been made in externally
powered terminal devices, especially those
controlled by myoelectrical signals, but the
age of bionics is still on the horizon and no

realistic advances for the amputee inter-
ested in engaging in strenuous, vigorous
activities can be expected in the near future.
In fact, at this time, shoulder disarticulees
and other patients with severe limb defi-
dencies can be expected to be the group
that could derive the most benefit from
externally powered prostheses. What is
needed now is a useful option for the
majority of the upper-limb amputee popu-
lation, the unilateral below-elbow ampu-
tee. It is important to remember that disuse
of the muscles of the residual limb causes
atrophy. The greater the length of the resi-
dual limb, the greater the need for a muscle
powered terminal device.

A literature review revealed that several
committees, panels, and books have
attempted to answer the ““Terminal Ques-
tion.” In Human Limbs and Their Substitutes
(5), printed in 1954, which is considered by
many professionals and educators to be the
most definitive text on the subject of artifi-
cial limbs, the following conclusions were
made regarding the advantages and dis-
advantages of voluntary-opening and
voluntary-closing terminal devices:

1. “Prehension, or the ability to grasp, is

the primary function to be sought.”

2. Voluntary-opening terminal devices

have the advantages of simplicity and
do not require a locking device to
maintain grip, but voluntary-opening
terminal devices have no continuous,
progressive range of force controlled
directly by the amputee. They are
totally insensitive and lack neuro-
muscular control. Spring tension
must be overcome in every operation,
and they represent a direct opposite
to the normal action of prehension. A
living hand and arm does not relax to
grasp and then contract to release.

In light of the above criticisms, one won-
ders why voluntary-opening terminal
devices have enjoyed so much popularity
and why other designs have not replaced it.
The reason is that voluntary-closing
devices of that period had problems of their
own. However, objections centered
around the poor engineering of the existing
voluntary-closing terminal devices, and
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not the action itself. In spite of shortcom-
ings in the existing voluntary-closing ter-
minal devices, the authors concluded:

1. “Yet the voluntary-closing prothesis,
if properly developed, offers the pos-
siblity of active amputee control over
the amount of grasping force exerted,
of furnishing automatic locking of the
grasp, and of accommodating the
amputee with functional action of the
kind found in the natural arm and
hand.”

2. Finally: “When weighing the consi-
derations, it is apparent that the vol-
untary-closing terminal devices pre-
sent the most desirable features, pro-
vided only that the engineering pro-
blems can be worked out satisfactorily.”

The “Advisory Committee on Artificial
Limbs"" (5) was formed in 1947 to, among
other objectives, analyze upper-limb pros-
theses and to propose solutions to existing
engineering problems. The committee, an
assembly of professionals, “decided to use
the voluntary-closing action in searching
for improvements in terminal devices.”
This committee accepted a set of design
criteria which resulted in the development
of the APRL hook which included a cam-

uadrant clutch, and a two-position
thumb. Unfortunately, this new terminal
device was unreliable, clumsy to operate,
and difficult to maintain in the production
model. The failure of these terminal devices
is overshadowed by the failure of this
committee to analyze and evaluate their
mistakes and failure to continue develop-
ment of voluntary-closing devices. Virtual-
ly all research and development in mecha-
nically operated terminal devices ceased at
this time and has remained so until recent-
ly.
y It is important to recognize that the past
failures in the design of voluntary-closing
terminal devices had been due to engineer-
ing problems resulting from a conventional
set of design criteria and subsequent per-
ception of performance, and not due to the
action itself. So, the “Terminal Question”’
is broader in scope and much more com-
plex than voluntary-opening vs. volun-

tary-closing. In order to answer the
“Question,” we must re-evaluate accepted
criteria of terminal device design with
regard to the specific needs and capabilities
of specific segments of the upper-limb
amputee population.

In the past, many designs for complete
mechanical hands have been proposed. A
lack of structural integrity, extreme com-
plexity, and low reliability made these unfit
to meet the demands of an active lifestyle.
The V.C. APRL hand, the V.C. Miracle
hand, the Pecorella V.C. hand, the Becker,
and the Trautman V.C. hand are notable
examples.

Patent drawings of some of these early
mechanical hands such as the Lohmann
hand of the 1950’s, and the Pecorella of
1950, illustrate the various systems and
structural variations designers have used.
However, the most predominant design of
V.O. and V.C. hooks has been the split
hook. The split hook is illustrated by
Hosmer-Dorrance hooks, the APRL hook,
the V.O. Northrop, the V.O. David, the
V.O. Thomton, and the Trautman devices.
Since a primary consideration in the design
of terminal devices is prehension, it would
seem reasonable to consider other hook
designs that may represent improvements
over the conventional split-hook. For
example, the L.A. Caron hook, 1913, and
the D.C. Mollenhour, 1947, both attempt to
emulate the action of the human forefinger
and thumb as opposed to the forceps action
of the split hook, and therefore merit con-
sideration.

Two other more exotic designs are the
Multiprise hook and the Bottomley Four-
bar Link hook. Past evaluations of these
devices stated that they had the advantage
of prehension over the existing V.O. termi-
nal devices and that their unusual structure
was due to an attempt to improve lateral
strength characteristics, (5).

With the benefit of this historical per-
spective, it is to be expected that basic

esign criteria, and the direction for future
development should be readily apparent.
But, conventional wisdom and tradition
have a way of hanging on in spite of
recommendations to the contrary, (5). The
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