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that envelops him from head to toe, enabling him to dry off with-
out a towel or assistance from someone else. Other adaptations 
to Esmond’s home include a foot-operated soap dispenser, a 
computer mouse he can move with his foot, and a speakerphone 
that has large buttons so that Esmond can operate it with his toes. 
Esmond is also working with a certified trainer to learn to drive 
his truck with adaptations. They are currently exploring whether 
they can minimize the adaptations so that others also can drive 
the vehicle.

Shawn Swanson, OTR/L, national director of occupation-
al therapy services for AAD, came aboard in February 2009 to 
help O’Steen find solutions so that Esmond can be independent 
in everyday life, with or without a prosthesis. Because this was 
O’Steen’s first upper-limb-loss patient, Swanson provided assis-
tance and resources regarding preprosthetic rehabilitation as 
well as high-level bilateral prosthetic training and TMR therapy. 
“Along with three on-site visits to Indiana, we took advantage of 
today’s computer technologies and had several web-based con-
ference calls to make sure Brooke, Hank, and Hank’s family felt 
comfortable with the rehabilitation plan,” Swanson says. “It was 
a real team effort, including Hank and his family, the prosthetist, 
the technicians, and the therapists, in coming up with creative 
ideas to help Hank achieve independence.”

Although these challenges are common to high-level upper-
limb amputees, TMR patients face some unique ones as well. 
Occupational therapists “have to think outside the box,” Swanson 

says. “Preprosthetic and prosthetic training is going to be a little 
different. Generally, patients do visual imagery and muscle con-
tractions on their own for several months. After the nerves have 
regenerated at about the five- or six-month mark, we do more 
visual-feedback evaluation and training. The muscle-site evalu-
ation is done by palpating the residual limb and placing five or 
six electrodes where the contractions are felt to locate the best 
signal sites. We try to look for good separation of signals for such 
movements as ‘hand open’ without a lot of crosstalk or feedback 
from muscles that might be trying to contract at the same time.” 
An important goal is strengthening reinnervated muscles to gen-
erate electrical signals detectable by surface electrodes. Although 
this goal is similar to developing traditional myoelectric con-
trol, the exercises are slightly different because of the redirected 
pathways from the brain to the targeted muscles. “As a result, the 
occupational therapist must thoroughly understand peripheral 
nerve distribution, including which nerves are anticipated to 
reinnervate which muscles, in order to perform the appropriate 
strengthening exercises.

Neither the surgeon nor the OT can be certain which nerve 
fibers will reinnervate the host muscle...,” notes a 2009 article, 
“Occupational Therapy Protocol for Amputees with Targeted 
Muscle Reinnervation,” by Kathy Stubblefield, OTR/L; Laura 
Miller, PhD, CP; Robert Lipschutz, CP; and Kuiken, published 
in the Department of Veterans Affairs’ Journal of Rehabilita-
tion Research and Development (www.rehab.research.va.gov/
jour/09/46/4/pdf/stubblefield.pdf). Once multifunction pros-
thesis training begins, having the prosthetist available is helpful, 
since frequent adjustments to electrode gains, EMG thresholds, 
and electrode location in the socket are necessary, the article 
notes.

“While waiting for the nerves to reinnervate, patients can use 
their regular prostheses, being careful not to use co-contraction 
for switching from one component to another, as we need to 
encourage isolation of the native and reinnervated sites,” Swan-
son explains.

The rehabilitation training period for TMR patients is gen-
erally longer and more extensive, but the end result—faster, 
more efficient, easier, intuitive prosthetic control—is consid-
ered worth it.

Evolving toward Tomorrow
Although Star Wars hero Luke Skywalker didn’t need much time 
to adapt to his prosthetic hand, thought-controlled prosthetic use 
in real life today generally requires intense, dedicated effort by the 
user, the prosthetist, the therapist, the surgeon, and the physiatrist, 
not to mention prosthetic manufacturers’ development of innova-
tive new componentry. The trailblazing rehabilitation techniques 
being used to help Esmond and others with high-level upper-limb 
amputation to achieve optimal function and independence are still 
works in progress—but they are definitely on their way. And who 
knows what dazzling breakthroughs will appear on the horizon 
as today’s experimental technologies become tomorrow’s clinical 
realities.  O&P EDGE
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Boston Digital™ TMR Arm

Liberating Technologies’ Boston Digital TMR Arm is 
intended for patients who have undergone Targeted Mus-
cle Reinnervation surgery.  This prosthesis accepts up to 10 
input signals and operates 5 devices. All Boston Arms now 
have a new high-capacity Lithium-polymer battery with a 
molded urethane forearm and battery cover and are com-
patible with all manufacturers’ terminal devices including: 
bebionic, iLimb, Sensor-Speed and ETD.  They accept a vari-
ety of input sensors such as: multiple myoelectrodes, Touch 
Pads™, positional-servo transducers and switches, allowing 
the prosthetist to tailor the system to the needs of the patient. 
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