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Summary

Most of the former aspirations in Prosthetics were directed to—
wards the application of new materials and components. The prob—
lems concerning the control systems have not followed the wentio—
ned inpnovations, but practically remained at the level of clag-—
sical solutions of some decades ago.

At the cases of upper extremity high amputation levels, followed
by great functional losses, a complex problem of control and po-
wef supply of prosthetic device has emerged. In attempt to solve
this problem, the modern Prqsthetick-pointed out to hybrid appro-
ach of using the combinations of external pPower sources as well
as the residual functional and energetical potentials of patient
nimself,

This paper presents our expérience in application of hybrid
prosthesis with a mechanical elbow unit, driven by the patient”s
own strenght, and an alectrical hand, powered by separate battery.
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Comparativae review

Following a period of various mechanically active prosthetic
components, the last two decades have been filled up with in-
vestigations on use of the myoelectric control., This way of
control, as the most similar to the natural one, has proved to
be highly efficient when the naturally predetermined muscle
groups have been used as the source for the control signal,
with the aim of realizing the appropriate movement of prosthe—~
tic device, However, the experience has revealed that disadvan-
tages of such a way of control emerged in all cases where it
was necessary to use a greater number of control sites, or
when signals were taken from musclas Hhicﬁ function is not
naturally predetermined for requested movement. Besides that,
the myocelectric cdnfrol is sensitive to disturbances within
the stronger electromagngtic fields, limiting thus the indica=-
tive area of its application.

The electronic hands with feedback, have aroused the great
interest, particularly due to the attempt of the imitation of
natural sensomotor mechanism. However, not only due tc the
present insurmountable technological obstacles in realizatior
of the artificial neuron networks, but also due to indistinc:
ideas on the use of information obtained by the feedback system,

the wider practical application to the patients has not been

achieved.

./-
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Cur expezriences

Our long term experience with patients, and work with various
types of prostheses in clinical application, have brought us

to actual neéeds of the patients. Our aim ﬁas to realize, accor-
.ding to the available principles and technology, a simple and
acceptablg golution in the cases of the above-elbow amputees..
For that reason in the céurse of 1974; in the Center for Prosthe—~
tics, Beograd, the hybrid prosthesis was realised, consisting

of the mechanical elbow joint with a lock, powered by the patient
fimself, and the electromechanical hand, powered by a battery.
(Lit. /;/.).

The applied hybrid system has the following characteristics:

-~ The articulation of the fingers is at the metacarpophalangeal
jointas lewel, with tripod hook system with ulnar deviation of the
middle finger of about 5°, and the radial deviation of the in-
dex finger of about 12° while opening, as welil as convergence
in closing followed by the thumb opposition (adapted mechanical
construction of Viennatone hand with standard motor and battery).
— The "bang-bang® control system is applied, using the micro=-
switches build into the so—called h Yybrid ¢r a.n sducer
of the electromechanical type. Due to the sufficient inertion

of the gear mechanism, the operation of the hand is smooth and
without jerking.

When controlling sucﬁ an unifunctional terminal device in the
composition of the hyhrid.system, it 15 necessary to determine
only the direction of movement of the actuator and the time of
its engagement. In combination with the mechanical elbow, the
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hybrid system is functioning in the following wéy:'

Primarily, the patient by humeral flexion through the Bowden
cable brings the forearm to the desired position,then by humeral
extension locks the mechanical elbow and, finally, by prolonged
action, throggh the scapular abduction, via Bowden cable,
activates the hybrid transducer for the control of the electro-
mechanical hand,

The hybrid transducer is located in the forearm of prosthesis, -
and 1s connected with the Bowden cable approximately at the

same level as in the case of mechanical hand. Thus way & quick

and easy change of terminal devices if necessary, has been obtained,

Standard evaluation

After finishing and assembl%ng the hybrid system, the first
patients were fitted, and following the training period, they
undergone the standard evaluation procedure. {(Lit. /2/.).

As a comparative terminal device the standard Dorrance mechani-
cal hand was applied.

Interpretation of the evaluation tests, indicates that the time
of performance with electromechanical hand is slightly longer
in average, what has bheen to our opinion, caused by characteri=-
stics of driving motor and mechanical gear. The number of errors
is smaller when applied the electromechanical hand, especially
concerning the compression errors,

The other advantages of hybrid approuch, noticed during the

work with the patlents, are concerning the following:
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— Reliability in the voluntary control of opening and closing
of hand. _ .
~ Minimal training period, because the patienF trained previo-
usly for the work with the mechanical prosthesis, used still
the learned control scheme,
'~ — Reduced effort for activation of the terminal device and gre-
ater grasping force compared to the mechanical hand.
— Application to the patients, where, because of high functio-
nal loss, mechanical prosthesis could.not be efficient.
— Homogenous contrel system with unique command site.
- Unsensitivity to the influence of electromagnetic field and
reliability in operation (the hybrid transducer was tested to
500.000 cycles of activation, without any failure}.
= Simplicity in completing the prosthetic system.

Conclusion

The fitting of patients with the hybrid prosthesis has been
applied as a routine procedure in the Center for Prosthetics.
Untill now, the 12 patients from our country and abroad have
been fitted, and they come periodically for checking out the
state of thelr prostheses. Except the failures reiated to dura-
bility of components, there were not notilced any functional
shortcomings. The patients expressed their favourable subjective
opinions about the value of the prosthesis, what had influenced
their psychological attitude and acceptation.

The up-to-date experiences obtained during the application of
tne hybrid prosthegisf could not be considered as definite.
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The future practice in regqular fitting and possibilities of the
new applications will provide a more complete estimation of the

functional value of the hybrid approach.
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