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Feedback of sensation has long been the dream of developers (and wearers) of prosthetic hands,
and many earlier efforts have made progress, but never a practical commercially-available system. Although grip force feedback (GFF) is an obvious shortcoming in a hand prosthesis, it has
been slow to develop because of the innate difficulties of providing consistent and accurate feedback information to the wearer of an electric hand. A truly useful GFF system must provide, 1)
true clinical relevance (we feel it should demonstrably improve control of grip force, contribute
to a more natural feel, and represent an acceptable ratio of cost to benefits provided), and 2) technically provide a practical system which can operate for months reliably, and be small enough to
install into a cosmetic-looking prosthesis.
Early development was conducted at the University of Utah in the 1980’s, (Ref.1) resulting in a
concept termed: Extended Physiological Taction (EPT) in which the feedback of pinch force was
presented to the TD wearer (in laboratory experiments) via a “pusher motor”, providing a force
against the wearer’s skin proportional to the gripping force of the TD. The “mock prosthesis”
shown in Figure 1 (left) allowed experiments to be conducted, with non-amputee subjects, to
verify the improvement of grip force control by a myoelectric controlled TD, using a TD with
GFF. Later, a much smaller “pusher” device (shown at right in Fig. 1) was developed which
could practically be installed inside a prosthesis.

Figure 1 – The concept of Extended Physiological Taction (EPT) was coined to describe the
“natural” system of providing GFF to the wearer by means of a pushing device, so that grip
force would have an exact correlate to pushing force against the wearer’s skin.
Relative simple pushing devices were developed, in initial experiments by Goulding, et al, and
~20 years later at Motion Control, in a much smaller “pusher” device(shown at right). However,
a variety of drawbacks were perceived, not the least of which were size and power consumption.
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The technical issues requiring solution have significant challenges. Specifically, to yield the
practical system presently used, progress was necessary on these topics:
Servo Control to optimize force control for the wearer. A significantly more complex servo control is required to allow the wearer of a GFF system to truly control the force with the precision
that the feedback system promises. The drive of the two-speed transmission, found in the MC
Hand, is capable of producing very high pinch force, from only a moderate increase in control
input by the wearer. This requires a kind of non-linear controller, which allows much higher
resolution of the force once the two-speed transition gears down to the higher force gear ratio.
Sensor Development:
Also, as shown in Figure 2, both position and force feedback are utilized in the new servo control, so a position sensor is required in the GFF hand, which had not been part of the MC Hand
system heretofore.
Highly rugged force sensing is also required with the MC Hand and ETD devices, for practical GFF in everyday usage. The mounting of the strain gage elements, as well as the routing of
wires in a protected manner, among other issues, are all part of the technical challenges which
have been refined and tested thoroughly as part of the development process.
Feedback Mechanism
As described, both ‘pusher’ type feedback and vibratory feedback devices have been explored.
The presently used system utilizes a vibration device, which makes a very acceptable compromise between size, energy consumption, low adaptation rate by wearers, and ease of installation.
A preliminary installation is shown in Figure 4.

Figure 2 - Technical issues with GFF included evolution of the servo control system (shown simplified on left) which includes both position as well as force feedback. The feedback mechanism
(right figure) may be installed wherever appropriate within the socket, and may also be moved to
optimize comfort and minimize accommodation.
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Figure 3 - Results of in-house testing to validate improved control. Tests with non-amputees are
considered relevant, because the control method is exactly the same, i.e., dual-channel EMG,
and the change of performance attributed to GFF can be presumed to be very similar.

Ongoing Clinical Testing:
Wearers of these preliminary hands and ETDs, field trialed for over two years, can detect the
level of grip force applied by the TD fingers, through vibratory feedback inside the socket. Aside
from the sensation of grip force, reported clinical advantages for the wearers include better control of the grip force, as well as safety in the operation of high-strength TDs.
In summary, the feedback experiments showed:
• A small, easily-installed vibrator unit can be placed anywhere the wearer prefers to
receive the feedback, and can be moved to new locations, without requiring a new socket
fabrication. Field trial fittings indicated preferred placements.
• The grip force may be detected to very low levels of force. Feedback may be selected by
the wearer to be at three specific levels of force, or a continuous feedback above a specific
level.
Preliminary field trials will indicate the initial contact level of force preferred, as well as
the user-selected levels of force at which the wearers choose to have pulsed vibration feedback, or continuous feedback.
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Figure 4 - Actual installation of the feedback element, producing vibration sensed by the
wearer’s skin, is a process of trial and error, at times. Several locations were used, some only
temporarily, in the check socket stage of fitting with this wearer, including the location shown at
left. The finished prosthesis, shown at right then could accommodate the vibration device at the
preferred location, although changes are still possible if accommodation is experienced by the
wearer, resulting in diminished sensation by the wearer. This prosthesis includes the GFF with
an Electric Terminal Device (ETD), which also has the advantage of not requiring a glove or
hand shell.

Our experience has definitely shown that the availability of grip force feedback in an electric
hand prosthesis is effective at improving the wearer’s control of grip force, and the sense of a
‘more natural’ interface between the wearer’s and their prosthesis. Definitive and measurable
results remain to be performed, beyond this preliminary anecdotal evidence. To date, the system appears to be very promising, and appreciated by the wearers who have had a chance to use
it so far.
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