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Martin Bionics, LLC, a leading prosthetic research and development company, is 
revolutionizing prosthetic solutions through the incorporation of advanced technologies. Through 
our work with the Defense Advanced Research Projects Agency (DARPA) Revolutionizing 
Prosthetics 2009 program and other grants, Martin Bionics is collaborating with the Oak Ridge 
National Laboratory (ORNL), to develop a prosthetics and orthotics coating based on newly 
developed nanotechnologies. 

 
The field of prosthetics has long sought to enhance design by allowing prosthetics to 

become more biocompatible, hygienic, and lighter to exhibit characteristics relevant to the use of 
these devices. The ability to alter these characteristics is highly limited by the material properties 
available for use. Until recent advances in nanotechnologies, material properties were limited in 
their capabilities; however, the incorporation of nanotechnology stands to vastly improve these 
products. 

 
These nanotechnologies will provide the prosthetics and orthotics industry a resolution to 

outstanding issues experienced by users. Many amputees complain that excessive local 
perspiration negatively affects the interface between the limb and the socket or suspension 
system (4), and evaporative mechanisms are severely limited by the low moisture permeability of 
most modern socket systems (2). Unfortunately for amputees, in vivo studies have shown that 
slightly moist skin generates more friction than either dry skin or very wet skin (5,6,1). Offering 
prosthetic and orthotic users interface materials with technology that provides greater hygiene, 
ease of cleaning, enhanced donning abilities, and reduced heat and moisture buildup will provide 
a heightened quality of life for these prosthetics users. 

 
One such technology that is currently under development through the collaborative 

relationship between Martin Bionics and Oak Ridge National Labs is a superhydrophobic1 
nanotechnology powder, which is hoped to enhance the hygienic environment of the prosthetic 
or orthotic against the body. At a microscopic and sub levels, material surfaces are typically 
uneven, and show inconsistencies along the surface. This allows biological particles to be caught 
in small groves and adhere to the surface, effecting hygiene. This nanotechnology powder, when 
applied, forms a layer of nano-scale structures that are packed tightly together across this uneven 
surface (see Figure 1). When bonded to a material’s surface the powder creates a protective 
barrier above the actual surface. Because of the small distance between the nano-structures, 

                                                 
1 Superhydrophobic nanotechnology was initially developed at Oak Ridge National Laboratories, Oak Ridge, TN 
37831. 
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particles of water, dirt and other molecules will sit on top of this layer of nano-scale material. In 
addition to this physical barrier there is a chemical component of the powder that provides a 
super-slick coating and acts to enhance the product’s moisture resistant capabilities.  

 
Together these components do not allow for adhesion or penetration to the material 

surface itself, and result in a surface that is super-water-repellent. In addition to this 
characteristic, other foreign particles unable to interact with the surface are easily swept away 
with water. This results in an enhanced cleaning effect on the surface (see Figure 2). 

 
This superhydrophobic powder is applicable to many surfaces of prosthetic and orthotic 

interface components used within the industry. An example of the benefits of this technology can 
be shown in prosthetic liners. While these liners have drastically improved overall prosthetic 
comfort, limitations persist, including hygiene issues such as sweat and odor build-up, donning 
difficulty for some patients, and difficulty in cleaning. The application of the superhydrophobic 
powder would cause sweat and odor absorption to be eliminated, providing a more hygienic 
environment for the sensitive residual limb, cleaning the material will be less time constraining 
with nearly instantaneous drying of the material, and the powders’ ultra slick surface will ease 
donning.  

 
The superhydrophobic nanotechnology is a self-bonding water repellant application 

powder designed for use as an aftermarket product on current orthotics, and prosthetic liners, 
suspension sleeves, cosmetic coverings and sockets. Later prosthetic products such as gel liners 
and suspension sleeves will soon be manufactured with the superhydrophobic powder 
incorporated in them.  

 
In addition to the nanotechnology powder that is being utilized, further nanotechnologies 

will be available for industry advancement. Other research groups at ORNL are currently in the 
process of refining carbon nanotube2 technology. These structures are made of carbon atoms 
bonded together in a circular helix pattern of adjustable lengths. The results of this bonding are 
very durable string like nano-structures. Due to their carbon element, one of the strongest natural 
substances, and the strong bonds, these formations are difficult to break. When embedded into 
materials, such as the silicone used in the prosthetics industry, these structures lend their strength 
to the material resulting in a more durable product.  

 
In addition to obvious benefits of stronger materials, longer lasting components or thinner 

more life like cosmesis, carbon nanotubes allow for coloration of the material, thus possibly 
eliminating or reducing the need for dyes in the cosmesis. Nanotubes light absorption bands are 
diameter dependent and can be changed through tuning of nanotubes production conditions. 

 
Other nanotechnologies as well hope to bring benefits to prosthetics and orthotics 

industry.  A recent survey of 90 amputees found the most common cause (72%) for reporting a 
reduced quality of life was heat and perspiration within the prosthetic socket (3). In addition to 

                                                 
2 Nanotubes and initial research obtained from Oak Ridge National Laboratories, Oak Ridge, TN 37831. 
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the issues relating to subjective measures of amputee comfort, an increase in skin temperature is 
also thought to cause an increase in the occurrence of residual limb skin irritations. Studies have 
shown friction blisters form more rapidly when the skin is warm, rather than cool (1). 

 
Nanotechnology offers an innovative way in which to address the issue of dissipating 

heat that accumulates in the socket. This nanotechnology based graphitic foam material3 can be 
incorporated into materials resulting in more thermally conductive products that allow for a 
transfer of heat through these solid devices. 

 
The ligaments of the graphite foam are capable of more than 4 times the thermal 

conductivity of copper, as shown in preliminary experiments in the laboratory. Grinding the rigid 
graphite foam into a powder, and adding it to silicone or latex, results in a flexible material with 
enhanced thermal conductivity. In most particulate additives, a volume fraction of additive 
between 10% and 20% is enough to realize an increase in the thermal or electrical properties. By 
modestly increasing the thermal conductivity of the material from 1 to only 2 W/mK, a 
substantial increase in the performance of the products ability to dissipate heat will be observed. 
This will provide a cooler environment for the residual limb and thus a more comfortable and 
healthier life for the patient. 

 
In addition to the nanotechnology developed at ORNL, Martin Bionics is pursuing other 

available technologies that would yield benefits when applied to the field of prosthetics. The 
implementation of nano-scale silver particles4 into the textile products used in prosthetics is 
expected to improve the hygiene of the interface environment. Silver, long known for its 
antibacterial properties, is able to reduce the growth and spread of many types of microscopic 
organisms resulting in a reduced chance of infection. It is also these organisms that are 
responsible for the odor that is often associated with many prosthetic products. 

 
In this application the silver is ground into nano-scale sized particles and embedded in 

textile products (see Figure 3). This can be done for any cloth material and proves to be quite 
durably and long lasting. Though currently limited to cloth, early tests have proven successful 
with subjects able to wear articles of clothing for a week at a time with no odor. This process 
could be applied to the socks placed over a residual limb, or any textile component to achieve a 
more hygienic environment for the sensitive limb tissue. 

 
Martin Bionics is working to mesh these new advancements in nano-technology into the 

field of prosthetics and orthotics. Nanotechnology promises to change the world around us by 
altering material properties, and this new classification of enhanced materials are already 
demonstrating fascinating benefits. 

                                                 
3 Graphite Heat Dissipation Foam and information regarding thermal conductivity properties obtained from the 
laboratory of James Klett, Oak Ridge National Laboratories, Oak Ridge, TN 37831 
4 Nano-Scale Silver Particle incorporation done by X-System, Broken Arrow, OK 74012 
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