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Towards a better adaptability of hand prostheses to
improve its acceptance by amputees

Abstract

Improving the functionality of hand prostheses using non-invasive techniques controlled
by the user intention continues being a focus of interest. Although myoelectric control
has been widely studied, there are still lacks in the functionality and its applicability
in real-time. Additionally, the application of myoelectric prostheses on amputees is
still a challenge due to different factors related to non-clinical environments, as well
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as variations inherent in these subjects. This opinion includes a brief perspective of

the trends to be addressed, in order to improve the functionality of these prosthetic

devices.
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Introduction

The design and control of versatile upper-limb prostheses is a very
challenging task. While many breakthroughs have been made over the
last several decades, the difference in performance and quality between
human hands and artificial hands is quite substantial. Robotic hands
may present several degrees-of-freedom distributed among several
kinematic chains and fingers. The complexity of the mechanical
design is necessary to adapt hands for executing different tasks on
unstructured environments. Although it has been acknowledged that
a prosthetic limb does not provide a full functionality for amputated
human limb, in the last decade there have been many advances to
improve the upper-limb prosthetic restoration."* However, the
current prosthetic solutions give a reduced control capability due to
limitations of interfaces adopted for controlling the prosthesis.’ One
of the major problems is the acceptance of prostheses by amputees,
taking into account their facilities and comfort, exterior appearance,
but most of all, its functionality.® Current researches and development
of upper-limb prostheses continue to be held to mimic the human
hand in terms of dexterity and adaptive capacity. The literature shows
that movement intention should be recognized and selected by the
user, while the grasp and movement executions should be performed
automatically into a low-level control system, making sure to hold
objects and avoid slippage.’

There is an increasingly interest to provide more functionality on
the current prostheses for improving the acceptation of amputees,®
which are addressed to be able to identify dexterous tasks and
different precision grasps to increase the skills on task of daily
living.>* The myoelectric controlled prosthetic hand are able to
recognize the user intention from patterns of different daily tasks
to perform movements in a more natural way. These mechanisms
should include individual control of fingers and tasks of greater skill
for the grip of different objects, which represents a great challenge in
the design of hand prostheses. However, the superficial myoelectric
signals (SMES) generated by movements of individual fingers are

weaker than those generated by movements of the wrist. Further, the
literature has reported a non-linear relationship between strength and
muscle electrical activity in conditions of low level contractions.'
Non-linear techniques have been used to model weak sMES instead
of high forces, in order to develop control systems of high level
providing a more natural human-machine interaction.”!' In addition,
the use of a reduce number of electrodes has been proposed as a
promising improvement of the accuracy of these systems, avoiding
interferences, training and decreasing computational cost for real
time implementations.!"* Currently, one of the most important
focus of researches is to develop control strategies for real-time
using machine learning to analyze the sSMES during the control of
dexterous prosthetic hands, applied in practice with amputees. The
machine learning is trained by muscle patterns in an initial stage
of the designing through a pattern recognition system. In order to
achieve this goal, these patterns learned are required to be stable.
However, these patterns are not static, they are continuously modified
as the signal may be interfered by shift, fatigue and user-unfriendly of
retraining,'* as well as variations of patterns by the constant use of the
prosthesis. Adaptive learning algorithms may be suitable to retrain the
classification model, incorporating new data to the previous model to
improve the performance. Therefore, a long training period to obtain
a finer control is sought. Moreover, clinical parameters related to
amputees have a relationship with the performance and the number
of independent movements controlled by the amputee.'® The selection
of a suitable hand gestures for a reliable myoelectric control is an
interesting focus of research.!® The learning ability (adaptation) of the
individual should be taken into account in the rehabilitation process.
Therefore, it is important to consider the inclusion of adaptive
methods and constant learning in the pattern recognition systems, in
order to improve the functionality and adaptability of the prosthesis.

Conclusion

In conclusion, the design of myoelectric prostheses should be aim
to develop systems that are more functional for amputees, considering
that the amputee can improve their abilities to distinguish movements
from the continuous use of the prosthesis. The adaptability of these
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systems should be considered as an interesting focus of study, so that
prostheses stop being complex technology devices, expensive, but in
many cases, it is rejected by users.
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