EVALUATION OF EMG-CONTROLLED HAND PROSTHESES
R. L. Feeney and 1. Hagaeus
Introduction

EMG controlled hand prostheses have now been used for
several years in various countries. This prosthesis with its “natural”
comtrol using normal controlling muscles and its close similarity
to the normal hand would appear to be a new step in functional
replacement. In Sweden cighteen months ago it was considered
necessary 10 carty out some evaluation of their value for functional
replacement,

Previous Work

Previous work on prosthetic evaluation has emphasized the
technical nature of the prosthesis and has been supplemented with
clinical trials on convenient patients. The problem has always been
realistic criteria against which to judge the prosthesis.

The importance of recognizing critical factors in acceptance of
a technical aid has been heavily stressed in rehabilitation ﬁtarature
for many vears.

Much of this work has been treated from a conceptual rather
than a practical standpoint. One exception to this are the NYU
studies [1] in 1958 which described many experiments carried out
to assess cosmetic and functicnal factors of prostheses. Many have
tried to find factors of impertance for successful rehabilitation and
often used key words are "strive for independency”, “future-orien-
tation”, “cooperative attitude towards clinic's staff”, “intellectual
and emotional considerations”, etc. With regard to amputee-rehabili-
tation especially, many writers are aware of the impedance of the
fact of “acceptance of loss” [2], [3], [4].

This is thought te be fundamental and before an amputee is
able to cope with prosthetic substitutes in a realistic and goal-
directed way he must accept his loss. The variable “acceptance of
loss” is prngabl_v multidimensional. Little is known about the cor-
relates of and sources to acceptance {e. g. what personality traits
are associated with acceptance), and research is needed. There is a
lack of methods especially for verification and measurement ot this
variable, as is the ease for many phenomena in rehabililation. Cowen
[5] puts these questions in a fairly challenging form when he asked:
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Are we at present able to do something so fundamentally as to
describe the different stages in a rehabilitation-process? Before we
have established a methodology for this we can only except to be
thwarted. We do not even know what we do mean by “successful”
and “efficient” rehabilitation, The only Eruitful and, in the long
run, economic way to find the solutions of these problems is by
I‘E '

Present Investigation

This paper describes work carried out on a small number of
patients in an attempt to make a realistic and controlled investi-
gation into the Crrﬂblems of acceptance and functional valee of EMG
controlled hand prostheses.

The experimental method used in this work has been described
in detail earlier {Dundee 1969). Basically the plan was to fit six per-
sons {five men and one woman) with two kinds of electric hands
{Italian Myodin and Austrian Myomot) for periods of six weeks,
one after the other. During these periods thorough checks were
T]ade on the use of the hands and in any changing aititude toward
them, .

The subjects were selected to include most of the main vari-
ables that were considered important in acceptance. Tests were car-
ired out to measure psychological variables such as intellipence
rigidity-flexibility, attitnde toward disabled people, and tempera-
ment. Social factors regarding background, amputation, attitudes,
and expectations were also notéd. They were also assessed with
regard to the present degree of function and general physiological
condition. With most of these factors the variation between the
subjects was considerable, Age for example varied from 20 1o 70
years, and time since amputation from 3 to 25 years.

The iraining for each person was aimed at producing maxi-
mum function as quickly as possible. This involved training the
controlling muscles to provide maximum signal and discrimi-
nation, use of the hand in all areas arcund the y, and co-
ordination with the other hand. This was followed by a testing
procedure which was mainly concerned with functional activities
using the EMG hand (or old prosthesis). The tests were constructed
on the following criteria: '

1) Tasks involving all normal activities around the body.

2) All basic grasping patterns that are normally used in daily living.
3). Bimanual activities. .

4} Activities relevant to the subjects daily life.

The activities consisted of 23 tasks mostly of ADL-type and
were carried out in their homes with the old prosthesis and with
the EMG hand immediately after fitting and six weeks after the
fitting. The performance in the test was assessed on the basis of the
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degree of use of the prosthesis, naturalness, number of mistakes
-including slippages etc. and the time taken to perform the task.
Another type of test emploved was a wall test, developed from
the Beograd Hand Evaluation. This consisted of a matrix of shelves
with objects which should be moved horizontally and vertically by
the subject standing at various distances from the front of the
shelves, This indicated the subjects ability to control the hand in
different tﬁgsumn in front of the body.
time of the visit to the home a hnal AsSSEsSSIent was
made of the resutt of the hand application. Many faciors were raken
into consideration regarding the use of the hand, reactions tg the
hand and the attitudes produced by the environment.

Technical Description

The Italian Myodin hand is operated by a screw jack givin
automatic locking in both opening and dﬂm:;ﬁ movements. The ]acﬁ
dnves two metal fingers in opposition to umb to glve a “three-
jaw" prehension grip. The motor and fingers are covered with a
thick PVC glove which i$ also itself covered with a thin FVC skin
glove having a close resemblance to the normal hand. Motor opera-
tion is effected by the output from' two relays supplying 14 voils.
The amplifier is of a differential, two-stage type which amplifies the
myo-signals to operate the relays

The Austrian Myomot hand is operated by fourstage spur
wheel system with an automatic locking device to prevent opening
when the motor is not epergised, Motor operation is effected Illay the
output (14 V) from outpat transistors of the main amplifier. The
amplifier is of a differential, two stage type which amplifies the
myo-signals to control the current to the motors,

Technical Results
Italian Myodin

Technical evalution Austrian Myomot
Openin &7 mm 51 mm
Time tg max. opening 2.0 sec 1.65 sec
Time to closing - 18 sec 175 ser
Maximum 10 efs WV Hn¥
Sensitivity 1000 /= 13 ¥V i pv
5000 cfs 4 0V L) -41"1.?
Max. pinch 45 kg 55 kg
After pulsin 75 kg 115 kg
Weight — Hand 470 gram 433 pgram
Battery apd amp, 502 gram 308 gram
Curremt -
Consumption — no load 100 mA 40—4) mA
- stalled 1000 mA 400 mA
standing 15 15 m;A.
Powsar source 10 Mi. Ca, cells 10 Ni. Ca. cells
450 mill. smp. 450 mill. amp.
hr. at 4 ¥ hr. at 14 ¥
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Functional Evaluation

In appearance and functional operation both hands are similar.
The grasping patterns are very alike although the grasping force is
different, As will be seen later even this did not appear sug ectively
to be very different. Control is effected by myo-signals from the
extensor and flexor muscles of the wrist for opening and closing.
Where there are absent other muscles associated with the action of
gra.sr;i;hg or releasing may be used. The signals are sensed by two

lectrodes over each of these muscles.

Both hands, having only one p, a sirnple three-finger pinch

ip, lack many possibilities to pick up small or flat objects, Tn ad-

ition the hand surfaces of the Finger tips give poor stability to any
object grasped with the pinch grip.

With this type of grasp it is often difficult to position the
hand in the absence of wrist flexion without gross bady compensa-
tion. When promation and supination are present sp and co-
ordination are much increased but manipulation of objects as a
phone or eating utensils around the face tre not provided for fully.

With both hands the third and fourth fnger rely on the shape
and material of the inner glove. Vhilst sometimes these fingers act
as a suppoert in grasping objects (the third and fourth fingers re-
maining more flexed than the first and second), at other times they
c?n prevent the grasping of large diameter tall objects such as a
glass.

Certain features of a technical nature had a certain relevance
for the EMG-hand's acceptability.

There were a few characteristics that brought about negative
attitudes unanimously. One of these negative factors was the noise,
generated by the hand when in use. The noise caused, in almost all
cases, itritation and embarrassment, sometimes leading t¢ non-use
in social settings. The “clicking” sound in the Italian reinforcer
caused irritation too, mostly because it was not possible to stop it
{The noise in the motor in the hand was of course under control
as far as it was heard only when the hand was used. This was not
the case with the other “clicking” sound).

The equipment was felt to be very awkward and clumsy (the
Augirian with battery and reinforcer in one box and the Italian
separaie reinforcer and battery). In some cases it was not so much
the box in itself but the cables from it to the electrodes and hand,
that were felt as quite an abstacle in that it hindered normal move-
ments.

The glove's tendency to get dirty also brought negative respons-
es5. Printing ink and other materials were extremely hard to remove.
In almost all other aspects, the EMG-hand's other more or less
technical features brought about very different reactions.

The size of the gnp (distance between thumb and indexfinger)
was Felt by some to E;lquite the proper size; others thought it was
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quite too small; and others thought it was too large so that looked
artificial. )

The two outer fingers (small and ring-fingers or 3rd and 4th
fingers) are passive in the EMG-hand and they do not follow the
actuzl gripmovement, This was strongly disliked by some because
they had to take those passive fingers away when E:raspin a bottle
a.ndy such, and the same condition was appreciated by others who
thought it looked patural, and it was heard natural because, when
placing the hand on a table, it gave no artificial sound as the old,
passive and stiff hand did. :

The weight of the prosthessi did provoke rather negative feel
ing in the beginning by some patients (the ones with the shortest
stumps) but they seemed to get used to it rather soon.

The color of the cosmetic glove was in some cases felt to be
too pinky, in other cases it was appreciated very much and one
thought it was too yellow. The relative softness of the hand itself
{excl. the gripfingers that are hard) were partly disliked, partly
liked. The ones whe liked it did so because of cosmetic considerations
(it “felt" natural and looked natural when the hand gave way}; the
ones who did not like it thought it was impractical and awkward
when using the hand.

The friction of the PVC-glove was in some cases felt to be too
harsh, making it difficult to take the hand in and out of a pocket.
Others thought the harsheness was an asset when holding papers
and other things.

A small lag in the grip was present in all EMG-hands and
there were quite a few persons who noticed it. Those who did
thought it was a drawback. The fact that the hands turned up to be
sensitive to electric current interferences in some cases gave rise to
much irritation and many complaints. In some cases this could be
improved by better ground connections but it was extremely hard
to eliminate completely. The Austrian hand had {0 be given conti-
nucus rmuscles impulses to be maintained open at maximum width,
otherwise the glove caused closing of the grip.

Factors Affecting Acceptance of the EMG-Hands

The outcome of the experiment could be described in the often
used terms of acceptancerejection. In that case three persons did
definitely accept the hand-prosthesis as such, 2 rejected it and one
iz very doubtful. It is felt however that the dichotomy is highly arti-
ficial because it was found that acceptance-rejection was a continu-
um and the EMG-hand played very different roles in the persons
m. and different roles at different occasions for the same indivi-
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Unfortunately it is not possible to describe all findings here,
especially not about the individual EMG-hand application resulis,
although these are very fruitful to penetrate.

A general conclusion could be drawn that the EMG-hand is not
the best prosthesis, as it was found that prosthetic replacement is a
most individualistic problem, dealing with individual needs and
requirements. {Certainly it can be said that there exists fio such
thing as the best prosthesis). The introduction of the EM{i-hand
seemed to create in some cases fairly profound changes in the per-
sons activities performed (ﬂ:uantit}r and quality), attitude to pros-
theses, perception of oneself, and perceived needs. S

Occupation and sparetime activities had a certain imporiance.
Very heavy work seemed to create resistance to use the hand thodagh
in most cases of hard work it was not even tried. Active sparetitne
activities, “office” work, many social activities, and stimnulation
from family and others sgemed to promote frequent use of the hand.

It was an intereatigg finding that Attitude to Disabled People
{measured in a test) had a 1/l relationship to acceptance of the
hand, so that the ones with the most positive attitude to the
disabled were the ones that accepted the hand the most, whilst the
ﬁ:f:i with very regative and stereotyped attitudes did not accept the

Time since amputation had in this small group a clear relation-
ship to acceptance of hand so that the oldest since amputation did
reiect the hand, and the voungest since amputation were the ones
the most accepting it. (Time since amputation had no relation to
chronological age.)

There was no indication that kind of earlier prosthesis (pas-
sive or active, hook or hand) had any significance in the outcome,
nor did attitude to earlier prosthesis. This last peint is interesting
because it turned out that the EMG-hamnl after some time did awa-
ken certain needs in several of the persons; need for function and
for cosmesis of which they were not aware at the beginning. Typical
for this trend was the man who was quite satisfied with his present
prosthesis and very negative to the EMG-hand before he had tried
it at home and at work, After some weeks he felt guite dependent
on the EMG-hand and quite handicapped without it. This change
in attitude and perceived needs was present in several cases.

It turned out clearly that good technical function with the
hand was not necessarily an indication of acceptance,

It did also turn out that absence of criticism of the hand did
not mean acceptance of it but rather the opposite, Only careful fol-
lowips made it possible to evaluate the actual use of and attitude
toward the hand. _ :

Regarding stump conditions the two with the shortest and
softest stumps (just below the elbow) in the long run became the
twa who accepted the hand the most.
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It became clear that the hand’s technical reliability was very
important for its acceptance. Unreliability was very destructive for
the hand’s acceptance and if this drawback shall be overcome the
person must still find the advantages unusually great to be able to
accept it.
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