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Historical Aspects

The Rehabilitation Institute of Montreal was selected as one of
three lnstitutions to carry out a program for the care and treatment
of Thalidomide-affected babies in Canada In view of the importance
of the development ol proper prosthetic appliances, especially for
children with severe congenital malformations of the extremities, the
Institute followed closely the litersture and reports on myoelectric
control.

As a great amount of publicity and emphasis bad been given in
the medical and lay press concerning an active arm prosthesis with
myeeleciric contrel developed in the USSR, in July 1964, a Four
member team, travelad 1o Moscow and wvisited the Central Inmstitute
of Prosthetics and Prosthelic Development.

In October 1964, through a special assistance grant from the
Government of the Province of Quebec, the manufacturing rights and
ten prototypes were purchased from Licensintorg, and a pilot project
was instituted with the objective of gaining practical and clinical ex-
perience with the Soviet device in order to assess its potentialities and
the application of myoelectric canirol for congenital and child amputees.

The Soviet Myoelectric Prosthesis

The externally powered active component of this device is (he
hamd which houses the drive motor in the metacarpal area and pro-
duces a simple movement of pinch or grasp with an over-all force of four
pounds available at the finger tips. A 13,000 r.p.m., 1.5watt motor drives
a gear reducer and rotary-tolinear converter. The fingers and thumb
are rigid, slightly flexed and hinged at the metacarpepbalangesal joints,
and linked to the drive. Upen closure of the hand, the tip of the thumb
falls between that of the middle and index fingers, and the grasp occurs
approximately in the center line of the forearm. The hand opens and
closes in 0.8 seconds.
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An elastic cosmetic plove encloses the hand and generates zuili-
cient friction to hold objects varying in diameter from 635 mm to
95 mm. The grasp s firm encugh to hold a knife and cut meat, and
delicate enongh to hold a match.

The system is powered by a hattery of 13.75 volts weiphing 320
grams, sufficient for the activities of at least one long day, rechargeabls
overnight.

Movement of the fingers and thumb is caused by a lever, one end
of which # connested to a skder block. The latter is driven baok and
forth by a rotary-to-linear ¢onverter, which in turn is activated by a
high-speed electric motor through a gear reducer. The entire drive
ocetupies approximately 25 by 50 by 65 mm, weighs 115 grams, and
is located in the metacarcal area of the hand.

Power is directed te the motor by two small relays, controiling
operation in opposite directions. Each of the relays is energized by a
control channel consisting of a set of electrades, a myoelectric preampli-
tier, and integrator and a power amplifier, the latter directly connected
to the relay coils. Muscle potentials are detected by the electrodes, am-
plified and smoothed to produce a D.C. voltage approximately propot-
tional to the activity in the control muscles, When this voltage is suffi-
ciently high, the power amplifier operates the relay and the hand closes
i the corresponding direction. The other channel is electrically inter-
connected to prevent simultaneous operation. When both relays are
de-energized, the mostor stops abruptly,

The mechanical neise generated by the operation of the drive is
audible but hardly objectionable; in fact, it provides the amputee with
an indication of activity of the hand when visual chservation is not
possible. An average below-elbow prosthesis with this drive weighs
approximately cne (1 kg) kilogram exclusive of the batterv.

The control amplifier and the functional unit have been tested by
the Institute under cold temperature conditions, showing litHle change
in performance from approximately 38 degrees C. to -15 degrees C, At
lower temperatures, the amplifier requires a higher cutput to cperate,
and the viscoms loading represented by the cosmetic glove greatly
increases the cperaling current and the running time, but the hand
will operate after a fashion even at —50 degrees C.

Canadien Modifications of the USSR Prosthesis

The investigation, application, and maintenance of Lthe Sovist pros-
thesis were commenced in December 19%4. The original amplifier and
battery had several weaknesses principally due to the marginal rating
of component paris. The utilization of Canadian and American hardware
as replacements substantially reduced the pumber of fatlures. Tha
battery charger had to be redesigned tc eliminate the danger of electric
shock and two completely new amgplifiers were built.

It was also found desirabie o simplify the prosthesis. Originally,
the amplifier and battery worn in pouches attached to a belt coupled
with considerable external wiring made the system cumbersome.



110 SHEAMAN, LIPPAY, GINGRAS

The prosthesis was redesigned te mioimize wiring runs, and
provide and adjusiable passive wrist unit (modified Hosmer). The
amplifier was integrated in the socket and all wiring made internal,
leaving only the power supply wite running from the prosthesis to the
battery.

The original rechargeable batteries proved to be unreliable and
short-lived. A new vitrathene batiery pack was developed; this package
may be carried in the pocket, worn as an ach band, or suspended from
a harness or belt.

The original twin electrodes have been teplaced by a triple stain-
less-steel unit, thus eliminating the need For a separate reference
electrode. A jelly used in ultrasonic therapy was found ta have excellent
electrica] characteristics; it establishes good surface contact for up to
15 hours, provided that the socket is not remowved,

Very early in the development of practical prosthetic devices con-
trolled by myoelectric signals, it became cbvious that electromic cir-
cuitry of very small dimensions and with high adaptability to shapes
and spaces was essential to facilitate instaflation and operation. Minia-
ture electronics developed for use in space projects represented a great
improvement but integrated circuit devices produced a further signifi-
cant reduction of size.

In simple terms, integrated circuit technology creates a single
semiconductor crystal with electrical connections. The transfer function
{input-output characteristic) of this device is equivalent to one or more
stages of amplification usnally achieved by up to 11 transistors with
associated resistors and capacitors. Switching and signal-processing .
devices are also available, in a very small package, produced by the
same technique.

Using miergelectronics, it is possible to locate the preamplifier
stages directly over the electrodes of 3 myoelectric cantrol site, reducing
the amount of wiring required and improving the conditions for
excluding extraneous signals and noise. A convenient electronic package
may be made up of integrated circuit devices, which will fit into a
standard prosthetic socket, eliminating the unsightly protrusions ne-
cessary with larger amplifiers.

One operational device is now in setvice on a below-elbow Cana-
dian patient, comrolling an otherwise standard U.S.S.R. prosthesis.
Several other designs are uader testing in the laboratory of the Institute.
Some stability and powerline interference problems have been en-
countered, but with wellconditioned electrodes these effects can be
neglected. With a transformerinput replacing a differantial amplifier
step, the cireuit becomes more independent of electrode conditions and
power frequency noise. Another advantage of the transformer stage
is that it permits the use of simple, single-ended operational amplifiers.

In view tremendous techoological developments taking place in
the integrated-circuit field, it is reasonable to assume that a great va-
riety of very Inexpensive devices, suitable for myoelectric signal ampli-
fication and processing, will scon appear on the commercial markert,
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They will practically eliminate the necessity of circuit design, inevitable
with distinct compeonents. Hopefully, all-semiconductor packages, ca-
pable of driving sinall metors in a proportional mode, will alzo be
developed.

Clinical Evaluatlon

As of the end of July 1966, 15 amputees were selected from a
total of 17 candidates. Ten adults, consisting of nine males amd one
female, have now been equipped and trained. Five male adults are
under evaluation and training, including twe above-elbow cases and
ane hilateral above-clbow case of congenital orighn.

The above group of 15 cases ranges from 17 to 65 years of age
with amputation histories of three months to 28 years. Five of them
are bilataral amputees, one of whom desired to be equipped on one
side only. One unilateral case is totally blind, ancther bilateral and
one above-elbow case have lost one eye each.

This small sample of patients indicated that a person with quick
intetligence to grasp nmew concepts, and with good seif-disciplive io
accept instructions and to adapt to situations, will invariably preduce
good results regardless of chronologica! or amputation age.

It appears that a well-motivated and intelligent subject will adapt
to simple myoelectric control within a matter of minutes. One bilateral
amputes was operating both arms independently and simultaneousiy
an hour after being fitted with the appliaoce.

A full report on patient use of the myoelectric prosthesis will be
published within the next 24 months. This will include the psychesocial

aspects,

Training Methods and Contro] Site Development

In order to enable an amputee to operate the hand, the muscle
control sites must be found and developed. The first objective is to
establish the highest possible degree of independent operation of the
contiol muscles, in this case two in number. The snaturalr muscles,
i.e, the flexors and extensors, are used to close and cpen the hand,
respectively.

The control sites yielding a maximum of signal are located by
a small myoelectric activity detector, a simple transistor amplifier
with an indicator. The multichanne] trainer is then used ta determine
the amount of interference or crosstalk existing between the proposed
muscle sites, the relative signal strength and ease of control. Wiith
visual digplay, a significant improvement can be achieved by the
ampmtes in a short time, greatly increasing the degree of independence
of the control points. To display myocelectric activity, an indicating
meter appears to be a better choice and more meaningful to the pa-
tient than the oscilloscopic trace of electromyopraphic signals.
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A blind subjects was successfully trained to operate the hand by
substituting audio signals for the visual display. Raw myoelectric sig-
nals detected by the usual electrodes were amplified and introduced
inte a pair of earphones. One sarpiece was activated by the extensor,
the other by the flexar channel. After some i2 minutes of instructions,
the blind amputee was able te produce the required control signal
consisteatly without the usual mustakes of sighted subjects. The
acoustic method seems to have definite advantages as a training display
for sightless subjects.

The phantom picture of the missing segment, as reported hy the
amputee, has been used to good advantage in training. The homoicgous
lunction on the sound side is a good indicator of activity in unilateral
cases. [t appears that a bilateral amputee should be equipped actively
and simultaneously on both sides.

In general, the initial training and control site development should
be done in a short period of time; three or four sessions of one hour
each spaced within a week or ten days produce the best results in
most cases. Patients show a very significant improvement in attitude,
cooperation and performance when they are connected to operate a
prosthetic demonstrator [or the first time, as against the preliminary
evaluation by instrument displays.

Main tenanoe

The modified U.5.5R. equipment operates with good reliability.
Some of the drive units have been in continuous use for sixteen months
without breakdown. Small defects occurred during the initial instal-
lation and training period. Approximately half of the amputees have
had one or more stoppages following their discharge from the Insti-
tute, due to broken wires and component problems, but these minor
problems were quickly attended to.

Strong radio-frequency interference may cause the hand to ope-
rate mvolantarily. Specific locations are koownm by the users of the
myoeleciric prosthesis as sources of surh interference, presumably
in areas containing extensive communication systems, The possibility
of radio transmissions in commercial air craft creating similar prob-
lems is being investigated.
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