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There are online videos that appear to show electrically powered
prosthetic (artificial) hands to be near-perfect replacements for a
missing hand. However, for many users, the reality can be quite
different. Prosthetic hands do not always respond as expected, which
can be frustrating. A prosthetic hand is controlled by muscle signals
in the remaining part of the person’s affected arm, using sensors
called electrodes. The electrodes are embedded within the socket,
which is the part of the prosthetic arm that connects it to the person’s
arm. When they activate their muscles, the hand can open, close, or
change its grip. If the socket moves, it can pull the electrodes away
from the skin. As a result, the muscle activity signaling the person’s
intention cannot be properly detected, and the hand will not work
very well. In this article, we explain why socket fit may be the most
important part of a prosthetic arm.
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PROSTHESIS

A prosthesis is an
artificial (prosthetic)
body part. You may
also see this used in the
text in the plural form,
prostheses.

AMPUTATION

Amputation is the
surgical removal of a
limb. This may occur
following an accident
or due to

certain illnesses.

RIGID

Something rigid is not
flexible, it cannot be
bent out of shape.
Semi-rigid means that
it has some flexibility to
it, but will still hold its
shape well.

MYOELECTRIC
PROSTHESIS

A myoelectric
prosthesis uses
electrical signals
generated within the
muscles, to control the
movement of a
prosthetic hand.

! For an example, see
https://youtu.
be/F_brnKz_2tI.

Figure 1

Examples of
myoelectric prosthetic
arms. Some hands
simply open and close
in a pincer-shaped
movement. Others
have individual control
over each finger,
allowing the hand to
form different grasp
shapes (for example, a
pointed finger allowing
you to click a computer
mouse button). You
can see that the hand is
connected to a forearm
section (outer layer),
which has an inner
socket for the person to
slot their arm into. This
inner socket is molded
based on the person'’s
own arm, either using a
plaster cast mold or a
scanner and computer
software.
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INTRODUCTION

Imagine you are carrying a drink and your hand suddenly opens,
or that you are reaching for your glass and your hand will not
open. It is not hard to see how disruptive it is when you cannot
rely on your hands to do what you want. Unfortunately, this is
the reality for some prosthesis users. A prosthesis is an artificial
(prosthetic) body part. In this article we are referring primarily to
prosthetic hands.

When someone is missing a hand (either from being born without
one or losing it through amputation) they are often provided with
a prosthesis. The prosthesis is usually designed to look like a
real hand, and it aims to provide some of the capabilities of the
missing hand.

There are three common types of prosthetic hands [1-4].

» Passive—the hand can either be rigid, or capable of being shaped
open or closed using the other hand, to help perform tasks;

» Body-powered—uses shoulder or arm movements to pull a cable
and make the hand open or close; and

o Externally powered—uses batteries to actively open and close the
hand; most are controlled by muscle signals (Figure 1).

In this paper we focus on the third type, which are called myoelectric
prostheses. Online videos sometimes give the impression that
myoelectric prostheses are a near-perfect replacement!. But, for
many users, they do not always do what is expected; sometimes
myoelectric prostheses open when they should not, or do not open
when they should.

Hero Arm multi-grip
prosthetic hand
(individual finger control)

BeBionic multi-grip
prosthetic hand
(individual finger control)

Outer
forearm
Inner Electrode layer

prosthetic
socket
Prosthetic
socket

Typical single-grip prosthetic hand

Battery  (open/close in pincer-shaped movement)

Access to dial on
rear of electrode through hole

Figure 1
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ELECTRODES

Electrodes involve
metal plates which
conduct the electrical
signals generated in the
muscles, and
electronics which clean
up and magnify the
signals. The signal can
then be sentto a
controller to tell the
prosthetic hand how
to move.

Figure 2

An electrode used to
control a myoelectric
prosthetic hand. The
three metal plates must
keep a good level of
contact with the skin to
conduct the signal. On
the back of the
electrode is a dial that
allows the scale of the
signal to be adjusted,
like adjusting the
volume on a TV or the
sensitivity on a video
game controller. There
are also wires that
transmit the signal to
the controller in the
hand. The black rubber
‘legs” hold the
electrode in the socket.

PROSTHETIST

A prosthetist is a
clinically trained
professional who works
with a person who has
lost a limb. They guide
the person in choosing
the right prosthesis,
and design, make and
fit the socket.
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HOW DOES A MYOELECTRIC PROSTHESIS WORK?

Myoelectric prosthetic hands rely on small electrical signals generated
by the muscles ("“Myo” comes from the Greek word for muscle). When
you want to move part of your body, signals are sent from your brain to
the skeletal muscles, through nerves. This triggers a chemical reaction
that causes the muscle to shorten or contract (you may be familiar
with the term “flexing” a muscle). As a side effect, a small amount of
electrical current flows through the muscle, which can be detected by
metal plates (called electrodes) placed on the skin. If the electrodes
sense that the person is attempting to contract the muscle, they
can activate the prosthetic hand to move. You may be surprised to
learn that this technology has been around since 1944 [5], although
there have been many advances in the design of prosthetic hands
since then.

HOW DO WE DETECT MUSCLE SIGNALS?

Figure 2 shows an electrode used in a prosthetic arm. The three metal
plates sit against the skin to capture the electric signal. They work best
when a layer of sweat has built up between them and the skin, reducing
the electrical resistance. Inside, there are electronics that clean up and
magnify the electric signal.

BACK FRONT

Gain
(signal scale)
adjustment

Rubber legs
(locate the electrode
in the socket)

Plastic

K casing S

Wires passing signal
and power between
hand and electrodes

Figure 2

Professionals trained to make well-fitting prostheses are called
prosthetists. A prosthetist takes a plaster cast of the person’s arm and
creates a 3D model of it. Then, working with a technician, a prosthetic
socket is built using this model (usually from a semi-rigid material such
as plastic or carbon fiber). The socket is the part of the prosthesis that
the person slips their arm into (Figure 1). The socket can be designed
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Figure 3

The electrodes fit into a
hole in the inner socket
that is shaped around
the person’s arm. From
the outside (left image)
you can see one of the
black rubber “legs” that
slot into the material to
hold the electrode in
place. The outer,
forearm-shaped layer
(shown in Figure 1)
connects over the top
of this inner socket,
covering the back of
the electrode.
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to be tighter around certain parts of the arm, to hold it in place, and
looser around other, more sensitive parts (such as scar tissue or the
area over bones); this is a bit like fitting a shoe. It is very important for
the prosthetist to get the right fit.

The electrodes are held in place in the prosthetic socket by little
rubber legs (Figures 2, 3). During normal use, the socket can move
around slightly over the muscles and bones. Since the electrodes are
connected to the socket, they may move around too. If the socket is
loose and moves around too much, the electrodes may be dragged
to a position where they are less able to pick up the muscle signals, or
they may lose contact with the skin completely.

OUTSIDE

. Rubber legs locate

into a hole in‘the
socket between'the
layers of material

his side of the
‘electrode would
touch the person’s
arm

" INSIDE

Figure 3

WHY IS MOVEMENT OF THE ELECTRODES A PROBLEM?

We live in an electrically “noisy” environment, surrounded by power
lines and radio signals. The human body acts like an antenna, picking
up electricity and becoming charged. That is why we sometimes get
static shocks. These noisy signals on the surface of the skin can be
up to a thousand times larger than muscle signals [5]. Therefore, the
electrode’s electronics must be able to filter them out.

If the contact between the skin and the electrodes changes, the filter
does not work as well. The unwanted noisy signals may be mistaken
for a muscle contraction, causing the prosthetic hand to open or
close unexpectedly. This could cause someone to drop something
or grip something without warning. If the electrode loses contact
with the skin completely or moves so that it is no longer above the
correct muscle, it may also be unable to detect intended signals. This
may leave someone stuck holding onto something. There is a good
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example in Tara Simms PhD thesis where a student was embarrassed
that they could not let go of their headmaster’'s hand after shaking
it [6]. This unpredictability can limit how much the person trusts the
prosthesis and how well they can control it.

EFFECTS OF UNEXPECTED HAND MOVEMENTS

To understand how common the problem of unexpected hand
movements is, data were collected from 20 people in the
United Kingdom, wearing prostheses provided to them by the National
Health Service [7]. They were asked to move their arm up and down, as
if reaching up to a shelf or down into a drawer. During the movements
(24 in total) they did not attempt to open or close their prosthetic hand.
Seventy percent (14 people) experienced their prosthetic hand moving
when it should not be.

If the hand opens/closes when it should not, although frustrating, does
it actually relate to how well someone can use their prosthesis? To
measure this, we asked the prosthesis wearers to do a simple task:
pick up a cylinder and put it into a tube. We recorded whether the
task was completed smoothly (without dropping the cylinder), how
long it took, and where they looked. We found that people whose
hands opened/closed unexpectedly in the previous task were also less
successful at and slower to perform the cylinder task. They also spent
more time looking at the hand, which suggested that they did not have
much confidence in its performance.

We wanted to explore how people chose to use their prostheses in
their daily lives. For 1 week, participants wore a small sensor, like
a Fitbit or the sensors in a smart watch, on each wrist, to measure
their arm movement. We used these sensors to calculate how many
hours the prosthesis was worn and how much each arm was used. For
someone with both arms and no health problems, we observed about
50% use of each arm. With prosthesis users wearing their prostheses,
many were still around 80% reliant on their unaffected arm. This
means that, even though they were wearing prostheses designed to
help them complete everyday tasks, they chose to use their healthy
arms instead.

Interestingly, the number of times the hand activated unexpectedly
in our earlier laboratory study had no relation to the amount of
time people wore their prostheses at home, or how reliant they
were on their prostheses. This suggests that some people may put
up with an unpredictable hand if it can help them to achieve their
other goals.
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POSSIBLE WAYS TO REDUCE ELECTRODE MOVEMENT

With the current design of the electrodes and the socket of prosthetic
arms, it is unlikely that we will be able to remove unwanted
movements. People are looking into other solutions. One rather
complex and expensive solution is to implant the electrodes beneath
the skin, in the muscle itself [8—10]. Other solutions involve placing
the electrodes within a stretchy, elastic sock, which would hold them
against the skin [11]. Other new ways of holding the electrodes in the
socket to prevent them from moving around as the socket moves are
also being developed [12]. Some of these new technologies need more
research before they can become widely available.

SUMMARY

In summary, we have described some upper-limb prostheses,
including myoelectric devices. We have explained how these are
controlled and used some of our research studies to illustrate the
problems which can be experienced by users in the real world. Finally,
we have introduced some of the ideas which are being investigated
to overcome those problems. Whatever the solution, we hope we
have convinced you how important it is to get a good socket fit, so
that the signals generated by the user can be reliably detected by
the electrodes.
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