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INTRODUCTION 

Targeted Muscle Reinnervation (TMR) surgery 
(Kuiken et al., 2009) and pattern recognition (PR) are 
two synergistic technologies that greatly enhance 
prosthesis control. Through nerve transfers to spare 
‘target’ muscles, TMR provides increased access to 
motor control data for high-level upper limb amputees. 
Pattern recognition algorithms decode this information 
to enable intuitive control of many degrees of freedom 
(DOFs). Even in bilateral amputees, TMR has 
previously been performed on only one limb. In 2011, 
TMR surgery was performed bilaterally for the first 
time. The patient was subsequently fit bilaterally with 
Complete Control PR control systems (Coapt LLC). 
This case study outlines the successful clinical fitting 
and functional outcomes of a bilateral upper limb 
amputee using PR-controlled myoelectric prostheses 
after TMR. Surgeries were performed at Northwestern 
Memorial Hospital (NMH) in Chicago; prosthetic 
fittings and occupational therapy took place at the 
Rehabilitation Institute of Chicago (RIC).  

METHOD 

In 2010, a 43-year-old male lineman sustained a 
severe electrical burn injury and required a left-side 
amputation at the shoulder-disarticulation level and a 
right-side amputation at the transhumeral level. TMR 
surgery was first performed on the patient’s left side in 
January 2012. Four months later, TMR surgery was 
performed on his right side; a gracilis muscle free flap 
was surgically transferred from his right leg due to 
loss of the biceps muscle. In August 2012, the patient 
was first fit with a conventionally controlled 
myoelectric prosthesis on his left side. Occupational 
therapy (three, one-week visits, with daily sessions 
each lasting about 90 minutes) began at this time and 
focused on myosite strengthening, developing a home 
exercise program, prepositioning, and grasping and 
releasing in various planes of movement. At 
discharge from therapy, he was able to pick up and 
release light objects on a table. However, he could 
not perform his identified goals of feeding himself or 
drinking from a cup or bottle. 

In September 2012, the patient was introduced to PR 
control on his right side through custom software 
(CAPS) (Kuiken et al., 2009) and a virtual reality 
system. Training, which totaled five hours, included 
establishing repeatable and unique movements. The 
patient used an IRB-approved research prototype PR 
controller for three months at home on his right side. 
In November 2013, both of the patient’s prostheses 
were fitted with Coapt Complete Control PR system. 
At this time, the patient received occupational therapy 
for four days and used PR control on his left side for 
the first time. 

RESULTS 

During the November 2013 fitting, using the 
commercial PR systems, the patient quickly became 
proficient at using both his prostheses. He was able to 
perform the same movements on both sides (e.g., 
hand open with the right and left electric terminal 
devices (Motion Control) at the same time, as well as 
opposing movements (e.g., wrist pronation on the 
right and wrist supination on the left), also at the same 
time. Additionally, in outcome measures (the Box and 
Blocks and Clothespin Relocation tests), the patient 
demonstrated comparable functional control on both 
sides using PR, despite the different amputation 
levels. In the Box and Blocks test, he was able to 
move an average of 10 blocks using his left-side 
device, even though it was his first experience of 
using PR on his left side.  

Using the PR system, the patient easily controlled 
elbow function. He also demonstrated proficiency at 
retrieving and placing crushable cups in a cupboard, 
folding towels, pouring water from a bottle to a cup, 
drinking from a water bottle, feeding himself finger 
foods, and carrying a laundry basket. At his six-month 
follow-up visit in May 2013, the patient was able to 
perform several functional tasks, including eating with 
a fork, preparing simple meals and cleaning up, and 
completing yard work. 

DISCUSSION 

Although the patient received much more 
occupational therapy training for conventional 
myoelectric control than for PR, he was unable to 
perform functional tasks using conventional control. 
With PR, the patient could perform the same 
movements and opposite movements bilaterally and 
at the same time for all DOFs. The cognitive load 
imposed by conventional control would make such 
movements very challenging to perform, indicating 
that PR control is more intuitive. 

CONCLUSION 

Pattern recognition is now commercially available, 
and TMR continues to be performed in hospitals 
worldwide. Together with effective occupational 
therapy, these technologies provide improved 
prosthesis control for upper limb amputees. 

CLINICAL APPLICATIONS 

TMR is a clinically accepted procedure. PR is now a 
viable option that clinicians can consider in the 
treatment of individuals with upper limb amputations. 
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