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INTRODUCTION 

Targeted muscle reinnervation (TMR) is a surgical 
technique that restores physiologically appropriate 
electromyographic (EMG) signals to high-level upper-
limb amputee patients. The TMR procedure is 
growing in popularity and excellent functional 
outcomes have been achieved using conventional 
EMG amplitude control techniques (Miller, 2008). 
Pattern recognition has been suggested as an 
alternative control method that may be particularly 
effective for TMR patients (Kuiken, 2009); however, a 
quantitative comparison between the two methods 
has not yet been completed. In this contribution, we 
compare the functional performances of a previously 
proposed pattern recognition system (Simon, 2011) to 
the patients conventional control system during three 
simple performance tasks.     

METHOD 

Two individuals (1 female with a transhumeral 
amputation and 1 male with a shoulder disarticulation) 
who received TMR surgery more than 5 years prior to 
the experiment completed in the study. Both patients 
had extensive at-home experience using a 
conventional myoelectric-controlled prostheses and 
significant within-lab experience using pattern 
recognition-controlled prostheses.  

Patients wore a prosthetic arm system comprised of a 
powered elbow, wrist-rotator, and terminal device. 
The arm system was configured to operate with a 
conventional amplitude control system equivalent to 
the control system used by each patient on their daily-
use prosthesis, or with an embedded pattern 
recognition controller prototype. Prior to testing, 
patients were given ample time to practice with each 
type of control.  

Performance measures included: 1) a blocks and box 
test (number of blocks moved in two min) (Miller, 
2008), 2) a block stacking test (number of blocks 
stacked in three min) (Simon, 2011), and 3) a 
clothespin relocation test (time to move three 
clothespins) (Miller, 2008). Tests were performed in 
two separate, randomized-order sessions 
(conventional control or pattern recognition). 
Following testing, subjects provided qualitative 
feedback about each control system.  

RESULTS 

Patients showed substantial and consistent 
performance improvements in all tasks while using 

the pattern recognition compared to conventional 
control (Figure 1). Significantly less time was spent 
configuring pattern recognition control compared to 
conventional control. 

 

Figure 1. Average performance measures for both 
individuals using conventional amplitude control (direct 
control) and pattern recognition. 

 
DISCUSSION AND CONCLUSIONS 

We quantitatively show that pattern recognition 
significantly outperforms conventional amplitude 
control for TMR patients whereas previously we had 
only anecdotal evidence. With recent advancements 
in pattern recognition control, setup is now 
straightforward with minimal adjustments, allowing for 
a large reduction in time spent configuring the 
patients’ system compared to conventional control. 
Qualitatively, all individuals strongly preferred using 
the pattern recognition system. They found it to be 
more intuitive to control, smoother to operate, and 
more consistent in its performance. We believe that 
these results will also apply to individuals with a 
transradial amputation and we are actively 
researching this population.  

CLINICAL APPLICATIONS 

TMR is increasing in popularity and pattern 
recognition may be used synergistically to provide 
even better control. This has the potential to positively 
impact the outcomes of high-level amputees with 
significant functional deficits.  
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