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INTRODUCTION 

 
A unique children’s upper-limb prosthesis prototype with an improved suspension 

and electronic interconnect has been developed. Silicone liners provide effective 
suspension for prostheses.  However, they have been problematic for the upper extremity 
myoelectric application. Recently, we fit a child using a silicone liner and hardwired, 
remote electrodes. During this fitting, a number of challenges were encountered, 
including wire breakage, difficulty of electrode and wire attachment, and difficulty 
donning/doffing the prosthesis due to mechanical hindrance from the wires and the 
modifications made to accommodate them. Consequently, we developed an 
electromechanical quick-connect attachment. It enables the user to easily 
connect/disconnect the prosthetic shell and hand system to/from the liner, yet still 
provides for the mechanical suspension/connection between liner and prosthesis and 
provides for the electrical connection of sensor electrodes with control electronics. For 
adults and children with upper-extremity limb loss, this development makes the use of 
silicone sleeve systems more practical. 
 
BACKGROUND 
 

The use of silicone suspensions for upper extremity prostheses is becoming more 
prevalent, in many cases replacing the use of traditional ‘hard’ shell systems [1-6] and in 
some cases enabling solutions that weren’t previously possible [7]. However, silicone 
suspensions require a mechanical and electrical connection between the silicone liner and 
the distal shell and hand system. Previous silicone suspension systems have not 
integrated the mechanical and electrical connections required, generally hardwiring the 
proximal signal electrodes with the distal electronics in the shell [3-5,8-10]. This results 
in several significant challenges for the clinician and the user, which include wire 
breakage, difficulty of electrode attachment, and difficulty of donning/doffing of the 
prosthesis [7]. There are no “off-the-shelf” solutions to these issues. Several types of 
upper extremity connectors exist for myoelectric prosthetics, but they do not address the 
unique challenges that come with the silicone suspensions. A combined 
electromechanical system that addresses these challenges and which is easy to put 
together for the clinician in the field was developed.  
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DISCUSSION 
 

The clinical group in our Myoelectrics department was faced with a client they 
could not fit with a standard suspension. As a result, they fit her with a silicone sleeve 
suspension [7] (Refer to Figures 1 and 2 below). This worked well, but the wiring from 
the electrodes to the electronics in the prosthesis posed several problems, including wire 
breakage, cosmesis, difficulty of electrode and wire attachment, and difficulty 
donning/doffing the prosthesis due to mechanical hindrance from the wires and the 
modifications made to accommodate them. These problems were addressed by our 
powered upper extremity prosthetics program group (PUEPP), which is comprised of 
clinical staff, rehabilitation engineering staff, and industry partner staff. The result was 
the design and development of the electromechanical quick-connect. The quick-connect 
design enabled the prosthesis to have two completely separate pieces that could easily be 
connected, forming both the mechanical connection and electrical connection between 
the two pieces at the time of donning (Refer to Figures 3 and 4 below). The quick-
connect also enabled the prosthesis to be more cosmetically appealing. In addition to the 
initial client who was fitted with this system, we have successfully fitted a new client 
with this system. 
 

     
Figure 1. Hardwired Prosthesis    Figure 1. Hardwired Prosthesis 

 

     
Figure 3. Prosthesis with Quick-connect   Figure 2. Prosthesis with Quick-connect 

 
This development takes advantage of components developed in other industries 

for electrical and mechanical connection. Integrating the electrical connection and the 
mechanical connection in one location alleviates the problems with wire breakage and 
difficult donning/doffing due to wires external to the mechanical connection. The two 
connector sides (proximal and distal) are guided into contact with each other and then 
locked into place with a slight rotation. This design allows the user to establish both the 
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electrical and mechanical connections quickly with a simple one-handed movement, 
which is beneficial for those with unilateral limb loss. The quick-connect has a thin 
profile so that it minimizes the length that is added to the prosthesis, which is important 
for both functionality and cosmesis. Furthermore, since a component of the connector is a 
printed circuit board, electronic functions such as gain and filtering are easily 
incorporated. This also allows the quick-connect to be more flexible for other input signal 
types, such as switch input and mechanomyograms, since the electronics to accommodate 
them are easily incorporated. The silicone suspension itself is most advantageous in the 
cases of long and short residuum. With a long residuum, the suspension does not need to 
go over the proximal joint, giving greater range of motion. With a short residuum, 
suspension can be maintained without the need for a more complex, range-of-motion-
limiting system (such as a transhumeral traditional suspension in the case of a short 
below elbow residuum). 
 

Potential drawbacks of the development are increased electrical complexity and 
additional potential sources for noise injection, leading potentially to decreased signal-to-
noise ratios. However, we tested the prototype during the operation of a VASI artificial 
hand, and the tests showed the noise level to be acceptable compared to a version wired 
directly with no electrical connector. The increased complexity also has the potential to 
affect reliability and robustness. However, during the tests and client use these potential 
disadvantages have not been seen. Also, if we do encounter noise problems, the design 
allows us to incorporate additional electronics in the quick-connect or to change the 
connector metal (e.g., gold coating) so that the performance is less affected by noise. 
 
SUMMARY 
 
 Our PUEPP team has developed an electromechanical quick-connect which has 
improved the functionality of our prostheses which use silicone sleeve suspensions. This 
development has resolved difficult issues related to the wiring of silicone sleeve 
prostheses, such as wire breakage, difficulty of electrode and wire attachment, and 
difficulty donning/doffing. It has resulted in functional silicone sleeve prostheses which 
are easier to use and more cosmetically appealing and which should have improved 
reliability. 
 
REFERENCES 
 
1. Ramdial, S., Simmons, S., and Sowerbutts, J., “Unique Applications for Custom Silicone Liners,” 

2003 Annual Meeting of the Association of Children’s Prosthetic-Orthotic Clinics, May 14-17, p. 
27. 

2. Thomsen, S., Parente, M., and Heiser, J., “ Mesh Ventilated Socket,” 2003 Annual Meeting of the 
Association of Children’s Prosthetic-Orthotic Clinics, May 14-17, p. 27-28. 

3. Daly, Wayne K., “Electrodes Installed in Roll-on Suspension Sleeves,” Proceedings of the 
MyoElectric Controls Symposium, University of New Brunswick, August 21-23, 2002, pp. 45-47. 

4. Daly, W., “Clinical Application of Roll-on Sleeves for Myoelectrically Controlled Transradial and 
Transhumeral Prostheses,” Journal of Prosthetics & Orthotics, 2000, Volume 12:3, pp. 88-91. 

5. Daly, Wayne and Williams, T. Walley, “Clinical Application of Roll-on Sleeves for 
Myoelectrically Controlled Transradial and Transhumeral Prostheses,” Proceedings of the 
MyoElectric Controls Symposium, University of New Brunswick, 1999, pp. 59-61. 

From “MEC '05 Intergrating Prosthetics and Medicine,” Proceedings of the 2005 MyoElectric Controls/Powered Prosthetics 
Symposium, held in Fredericton, New Brunswick, Canada, August 17-19, 2005. 

Distributed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 United States License by 
UNB and the Institute of Biomedical Engineering, through a partnership with Duke University and the Open Prosthetics Project.



6. Whatmough, Ian, “Custom Silicone Liners for Upper Extremity Prosthetics,” Proceedings of the 
MyoElectric Controls Symposium, University of New Brunswick, August 21-23, 2002, pp. 48-51. 

7. Glasford, S., C.P.(c), “What To Do When All Else Fails,” Association of Children’s Prosthetic-
Orthotic Clinics (ACPOC) Newsletter, Spring 2004 Issue. 

8. Broomfield, M. and Dykes, W.G., “Experience with Custom Silicone Suspension Sleeves for Self 
Suspending Trans-Humeral and Trans-Radial Prostheses,” Proceedings of the MyoElectric 
Controls Symposium, University of New Brunswick, 1999, pp. 55-58. 

9. Salam, Y., “The Use of Silicone Suspension Sleeves with Myoelectric Fittings,” Journal of 
Prosthetics and Orthotics, 1994 (6), pp. 119-120. 

10. Uellendahl, Jack E., “Experience with Silicone Suction Sockets using Myoelectric Control,” 
Proceedings of the MyoElectric Controls Symposium, University of New Brunswick, August 21-
23, 2002, pp. 52-53. 

 
 
ACKNOWLEDGEMENTS 
 
The support of our colleagues is much appreciated. They include Steve Naumann, Sheila 
Hubbard, Martin Mifsud, and Sol Wierzba. Financial Support for this project was 
provided by the Canadian Institutes for Health Research and the Ontario Rehabilitation 
Technology Consortium (ORTC). 
 

From “MEC '05 Intergrating Prosthetics and Medicine,” Proceedings of the 2005 MyoElectric Controls/Powered Prosthetics 
Symposium, held in Fredericton, New Brunswick, Canada, August 17-19, 2005. 

Distributed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 United States License by 
UNB and the Institute of Biomedical Engineering, through a partnership with Duke University and the Open Prosthetics Project.




