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INTRODUCTION 

While able-bodied individuals can perform complex 
manipulation tasks without looking at their hands, 
myoelectric prosthetic hand users rely heavily on 
visual feedback to control the closing speed and 
stopping force of their prosthesis. Reducing the visual 
attention required to operate a myoelectric prosthesis 
would make using these devices more intuitive and 
natural. 

In this work, highly sensitive and compliant tactile 
sensors (NumaTac, SynTouch) were integrated into a 
myoelectric prosthetic hand. When opposing contact 
is detected by the sensors during a grasp, the gain of 
the EMG signals delivered to the myoelectric 
controller is reduced, a process similar to a natural 
spinal inhibitory reflex. This improves the control of 
low force grasps without compromising speed or the 
ability to achieve maximum forces. This study 
explores subject performance in a bimanual fragile 
grasping task with and without vision.  

METHOD 

Subjects: One 23-year-old male transradial congenital 

amputee and three able-bodied individuals with no 
amputations. 

Apparatus: Two prosthetic hands, an unmodified 
OttoBock VariPlus Speed (VPS), and a VariPlus 
Speed that has been modified with NumaTac-sensors 
and a contact-detecting reflex (NT). 

Procedures: Each subject was asked to pick up a 
fragile object (saltine cracker) with their dominant 
hand, pass to their prosthetic hand (or non-dominant 
hand for able-bodied subjects), then place the cracker 
in a cup without breaking it. Each timed trial consisted 
of 10 cracker transfers. Amputee performance with 
each of the prostheses was compared to the average 
task performance of three able bodied individuals for 
each visual condition (AB). This was performed with 
and without a blindfold for all cases. 

Data Analysis: Five trials were recorded for each 
condition to find average speed and accuracy and 
comparisons were made between the VPS hand, NT 
hand, and able-bodied individuals (AB). 

RESULTS 

In all cases, loss of visual feedback inhibited speed of 
fragile item passing. For the prosthesis user, 
bimanual passing with the NT hand was found to be 
significantly faster and showed fewer grasping failures 
(cracker breaks) when compared with the unmodified 
VPS hand. In addition, the blindfold hampered the 
VPS task speed significantly more than either the NT 
or AB test conditions. The blindfold slowed AB speed 

by an average of 2.2 seconds, NT by 2.7 seconds, 
and VPS by 18.2 seconds. 

 

DISCUSSION 

When using a traditional myoelectric prosthesis (VPS), 
blindfolding makes the grasping task significantly more 
difficult, demonstrating that users are relying heavily 
on visual feedback. However, with the reflex-enabled 
hand (NT), the loss of performance when blindfolded 
was comparable to able-bodied subjects (AB). This 
suggests that reflex-enabled and able-bodied grasping 
require a similarly low amount of visual attention. 
Additionally, fragile grasping with the NT hand was 
faster blindfolded than the VPS hand without a 
blindfold.  Future research will be aimed at validating 
methods of evaluating visual and cognitive burden, 
and the conduction of a clinical take-home study to 
evaluate the utility of a myoelectric contact reflex in 
activities of daily living.  

CONCLUSION 

Contact-detecting sensors are a simple yet effective 
advancement in prosthetic research. They enable 
prosthesis users to perform faster and more accurate 
fragile grasps, greatly reducing the need for visual 
feedback while grasping, which may increase the utility 
and ease of use of prosthetic hands. 
 

CLINICAL APPLICATIONS 

Contact detecting sensors may be incorporated into 
prosthetic hands in the future to restore a more 
natural and intuitive grasping ability for amputees 
using myoelectric prosthetic hands. Additionally, the 
experimental method may be adapted into an 
outcome measure to assess the importance of visual 
feedback for the use of different prosthetic hands.  
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Figure 1. Average bimanual task performance speeds 
for each hand with full vision and while blindfolded.  


