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and fit. The information that comes from 
measuring such parameters can help O&P 
practitioners adjust prostheses and provide 
necessary treatment for amputees.

In terms of materials, prosthetics re- 
searchers, practitioners and manufacturers 
are taking ideas from other industries. New 
materials, such as those used in aerospace, 
are being explored in prostheses design, 
including lightweight, high-strength 
composite and nanocomposite materials 
for socket structure, adaptive shape-chang-
ing materials for prosthesis volume change 
management, and phase-change materials 
for interior thermal management of the 
socket. 

Many advanced prosthetic components 
and systems are designed using new and 
emerging technologies, including micro-
processor knees (C-Leg) and bionic ankles 
(iWalk), the Defense Advanced Research 
Projects Agency’s smart ARM, targeted 
muscle reinnervation and volitional 
control of prosthesis using electromyog-
raphy (EMG) signals from residual limb 
muscles. These new prosthetic devices/
systems or technologies have played key 
roles in improving amputees’ quality of life.

The C-Leg prosthetic controls the flex-
ing of the knee through the use of sensors, 
microprocessors and hydraulic cylinders, 
allowing the amputee to walk at varying 
speeds and navigate different terrains. By 
using robotics to replicate the calf muscles 
and Achilles tendon, the iWalk BiOM 
feels and functions like a natural leg. With 
the iWalk BiOM, users experience natural 
walking mechanics and increased stability, 
mobility and confidence. The Revolution-
izing Prosthetics program launched by 
DARPA in 2006 has created two high-
tech arms, the Gen-3 Arm System and 
the Modular Prosthetic Limb, which can 
offer unprecedented range of motion and 
control. 

In terms of amputation surgery, 
targeted muscle reinnervation (TMR) 
is a recent technique developed by Drs. 

Gregory Dumanian and Todd Kuiken of 
the Rehabilitation Institute of Chicago. 
TMR enables mechanical arm movement 
by taking nerves that once carried motor 
signals from the brain to the missing arm 
and connecting those nerves to others 
located near a large muscle, such as the 
biceps or pectorals. 

When TMR patients think about 
moving their hand, the resulting command 
is routed to their chest muscle. This muscle 
serves as a biological loudspeaker, boom-
ing an electromyography signal to external 
electrodes placed on the skin. When the 
electrodes pick up that signal, processors 
translate the EMG into useful information, 
which drives the myoelectric arm. 

Progress toward the volitional control 
of prosthetic devices has been made using 
the EMG signals from the amputees’ resid-
ual limb. EMG signals are a rich source 
of neural information. When an ampu-
tee generates a muscular contraction, it 
generates some myoelectric signals. These 
myoelectric signals are extracted to actuate 
the appropriate degree of freedom.

The enhanced comfort  
of SOCAT
Clearly the O&P industry is at a turning 
point. The Georgia Tech Manufacturing 
Institute, in collaboration with Florida State 
University, Advanced Materials Profes-
sional Services, Prosthetics and Orthotics 
Associates, Quantum Motion Medical and 
St. Petersburg College, is tackling the hard-
to-conquer challenge of socket design and 
manufacturing. As part of the $4.4 million 
U.S. Department of Veterans Affairs’ VA 
Innovation Initiative, the research team 
is addressing prosthetic socket design on 
behalf of military amputees. 

Known as SOCAT (socket optimized 
for comfort with advanced technologies), 
the advanced socket research and develop-
ment program seeks to develop a design 
that offers prolonged comfort and built-in 
real-time monitoring and control capabili-
ties for various socket conditions using 
advanced materials, sensing and manu-
facturing technologies. Figure 2 shows 
a schematic of the design concept of the 
multifunctional SOCAT system. 

optiMized prosthetics 
Figure 2. This schematic shows the multifunctional socket optimized for comfort with 
advanced technologies (SOCAT) system for prosthetic limbs.
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