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ABSTRACT 
 
     To achieve subconscious prosthetic control the patient feedback present must be 
employed as completely as possible. This implies the use of control methods based 
upon the principles of extended physiological proprioception. 
     The harnessing of body movements has the inherent ability to fully employ the 
principles of extended physiological proprioception. However, the present harnessing 
techniques often fail to do so and are generally of a dreadful engineering quality. 
Myoelectrical control must be considered as an open loop system. It lacks by principle any 
useful feedback. 
     The challenge for the prosthetic profession is to focus research on [improvement of] 
control options that comply with the rules of extended physiological proprioception. 
Promising future control options may result from the research into miniature cineplasties, 
in combination with neuro-muscular reorganization, and from the research into neuro-
electrodes. 
 
 
 
INTRODUCTION 
     Many prostheses are not being used. Numerous surveys of the actual use of 
prostheses have been made [a.o. 2, 7, 13, 14, 19]. Although the outcome of these 
surveys must be considered with care, as most of them are not based on a sound 
methodological approach, most are retrospective and do not use a control-group [8], 
they all indicate a 40 - 60 % of non-users for activities of daily living, vocational activities 
and leisure activities. Moreover, most studies indicate a 20 - 40 % of non-wearers. 
People with an arm defect get very frustrated about the performance of their prosthesis 
shortly after being supplied with one. So after a while the prosthesis finishes up in the 
closet. The frustration is caused by the discrepancy between the expectations and the 
reality. This discrepancy is due to inadequate information and inadequate education of 
the patient, to incompetent professionals, and to inadequate equipment [15]. 
     A patient wants and expects a prosthesis that looks naturally beautiful, that is 
comfortable to wear and that is easy to use. Unfortunately none of the existing 
prostheses fulfills all these demands. This poses a challenge to the engineers of the 
WILMER group to try and develop new prosthetic devices that more closely meet the 
needs of the patients. In our opinion these needs can be summarized as cosmetics, 
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comfort and control. These three demands are the basic requirements for a prosthesis. 
All three must be fulfilled, otherwise the prosthesis will be abandoned. This paper is 
focussed on the requirements in the control domain. 
 
 
 
PROSTHETIC CONTROL - REQUIREMENTS 
     In operating a prosthesis we have to distinguish between the actuation of the 
prosthetic device, and the control over that device. To move a prosthesis and 
counteract the gravity forces and the friction losses of the prosthetic mechanism, energy 
is needed. This energy can be drawn from an external source, for example a battery in 
the case of an electric motor driving the prosthesis. Hence, this type of prostheses is 
called externally powered. The energy can also originate from the body of the wearer of 
the prosthesis, i.e. by harnessing body movements muscle energy can be transferred to 
the prosthesis. Hence, this type of prosthesis is called body powered. 
     With control the user determines the position and/or the velocity of the prosthesis, 
the magnitude of the forces exerted on the environment, and, if applicable, the status of 
the joint or joints, that is locked or unlocked. Several control options are available, either 
mechanical or electrical. A control signal always originates from the user of the 
prosthesis. He decides when to contract a muscle in order to pull a cable or to activate 
an electrode. Ideally the control of a prosthesis does not require a lot of effort of the 
user; subconscious control is strived for as to keep the mental load as low as possible. 
Here the role of feedback must be emphasized. Control theory teaches that without 
feedback the control of systems subject to external disturbances, like prosthetic 
systems, is very difficult. The controllability of the sound human hand is very good as a 
result of many feedback paths present. If a hand is missing, many of these feedback 
paths are lost. Hence, it is of utmost importance to utilize the feedback paths still 
present. Here the concept of extended physiological proprioception comes to aid. Dr. 
David Simpson introduced this concept in 1971 [20]. Simpson depicts the prosthesis as a 
mechanical extension to the natural system of the human body. Common examples of 
such mechanical extensions of the natural system are the stick of a blind person, the 
golfer's club or the way we use a hammer. The way we use these devices shows that we 
shift outwards the points at which we make contact with the things that we observe as 
objects outside ourselves. "We pour ourselves out into them and assimilate them as parts 
of our own existence." This assimilation can be achieved through the use of the body's 
own joints as control inputs. The involvement of proprioception in the control of artificial 
limbs provides a totally different situation from that of open loop control where the loop is 
closed by vision. If vision is necessary for the control of the limb, close, careful and 
continuously monitoring of the mechanical device is needed in order to prevent difficulties. 
Providing proprioception relieves the user of this mental load. 
     For the design of a prosthetic device extended physiological proprioception implies that 
the movements and forces acting upon the prosthesis correspond with the movements 
and forces generated by the neuro-muscular system on the control site of the assistive 
device. It has to be build such that a simple and direct relation exists between the position 
of the control joint and the position of the prosthesis, between the velocity of the joint and 
the velocity of the prosthesis, and between the joint force and the force of the prosthesis, 
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Figure 1. The fulfillment of these conditions is a necessity for proper control of prostheses. 
Implementation of these relations only gives optimal controllability if the polarities of 
movements, velocities, and forces correspond to physiology. 
 
 
 
 
 
 
 
 
 
 

 
 
 
PROSTHETIC CONTROL - OPTIONS 
     The control of a prosthesis by harnessing movements of the body has the inherent 
ability to fully employ the principles of extended physiological proprioception. Proper use 
can be made of the feedback paths present. When controlling a prosthesis with 
myocontrol no use is made of the feedback paths left. Myocontrol must be considered as 
an open loop system. The actual EMG-signal is considered as a by-product of a muscle 
contraction in "…….a similar manner to considering the exhaust of a car as a 
manifestation of the engine's rotation. In both cases the output is approximately 
proportional to the activity of the motor. There is equally a lack of accurate and suitable 
afferent communication…….." [20]. Although body powered prostheses have the 
inherent ability to comply with the rules of extended physiological proprioception, most 
body powered prostheses of today fail to do so because of lousy engineering. Current 
research efforts focus on the elimination of the complaints associated with the present 
harnessing techniques [3, 11], and on ways to more fully employ the force feedback by the 
use of voluntary closing terminal devices [16, 18, 21]. 
     Another control option that complies with extended physiological proprioception is 
cineplasty. Many decades ago direct muscle attachment or cineplasty has been employed 
for prosthetic control. Cineplasty offers excellent feedback capabilities, however, it seems 
incompatible with the cosmetic demands put upon a prosthesis. Today, the cineplasty 
routine might go through a revival with the modifications as proposed by Dr. Dudley 
Childress [4, 5]. Childress and his team have experimented with small exteriorized tendon 
cineplasty to control an externally powered prosthetic servomechanism [9, 22]. Another 
suggestion made by Childress is the creation of prosthetic control sites by the fusion of 
small muscle areas with the overlaying skin by removal of the subcutaneous fat tissue. In 
combination with the neuro-muscular reorganization option, presently investigated by Todd 

Figure 1 A diagram depicting the essentials of extended physiological proprioception for the design of a 
prosthetic device. Extended physiological proprioception implies that the movements and forces acting upon 
the prosthesis correspond with the movements and forces generated by the neuro-muscular system on the 
control site of the assistive device. 
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Kuiken [12], the cineplasty becomes a promising option, especially to enable the control of 
multiple degrees of freedom. 
     Yet another potential control option may result from the research into neuro-electrodes. 
If and when it becomes possible to record neuro-activity through implanted electrodes for 
ultimately a man's lifetime, and if and when it becomes possible to stimulate nerves 
likewise, a powerful multi-degree of freedom control source will be rendered available [1, 
6, 17]. 
 
 
 
CONCLUDING REMARKS 
     The challenge for the prosthetic profession is to render available prosthetic devices 
that do not end up in the closet, but really answer the user’s needs. Therefore, to 
achieve subconscious control, research should focus on [improvement of] control 
options that comply with the rules of extended physiological proprioception. Promising 
future control options may result from the research into miniature cineplasties, in 
combination with neuro-muscular reorganization, and from the research into neuro-
electrodes. 
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