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The hard outer case of the socket offers 
another design challenge. Although the 
socket must be sturdy enough to withstand 
a human’s body weight, it should accom-
modate normal body fluctuations. In the 
first few months to a year after amputation 
surgery, human limbs will change shape 
and volume during the recovery period. 
They also swell and contract as vascular 
dilation and contraction takes place each 
day. The rigid case of current prosthetic 
socket design does not allow for this fluc-
tuation and can constrict a swollen limb 
or cause friction from “pistoning” of a 
contracted limb. 

Finally, thermal management inside 
the socket is another key issue. Studies 
conducted by the VA Center of Excellence 
for Limb Loss Prevention and Prosthetic 
Engineering and Prosthetic and Orthotic 
Associates found that activities like walking 
and running can increase skin temperature 
by 5 degrees Fahrenheit. The situation is 
worse for amputees who are athletically 
active, where practitioners have observed 
the local temperature at above the knee 
dermal sites rising to 118 degrees Fahren-
heit, approximately 20 degrees higher than 
average skin temperature in a standard 
temperature environment. 

This elevated temperature produces 
more sweat, increasing the skin’s moisture 
level. Elevated moisture and temperature in 
an enclosed space like a prosthetic socket 
allows for microbial growth, which can 
cause skin infections or, if the skin is 
broken, blood poisoning.

Breaking the mold: 
Developing the ideal  
prosthesis 
Understanding these challenges can help 
develop new designs and manufactur-
ing processes for custom-fit prostheses. 
New prosthetic components/devices and 
manufacturing processes have been incor-
porated in recent years. For example, some 
new prostheses have pressure sensors 

attached, although most have proven inef-
fective. Conventional sensors are limited 
in their ability to measure pressure points 
in numerous locations, and their bulkiness 
doesn't allow them to be integrated prop-
erly into the design. 

An ideal prosthesis should allow the 
patient to perform normal daily activities, 
provide needed comfort and fit, and ulti-
mately become an integral part of a patient’s 
body. It should tackle current design flaws 
to accommodate volume change within 
residual limb(s), offer an engagement 
mechanism between the socket and the 
limb, and provide sensing and control/
compensation for whole field pressure for 
enhanced comfort and fit.

Through the use of evolving technolo-
gies and materials, orthotic and prosthetic 
(O&P) researchers and manufacturers are 
developing a more holistic approach to 

design and production of these intricate, 
custom-made products. For example, 3-D 
printing could create prosthetic devices 
that are more aesthetically pleasing and 
fit the specific individual. Using the 3-D 
geometry of a residual limb obtained from 
an optical scanner, 3-D printing can in a 
short period of time produce a prosthetic 
socket that perfectly fits the limb. 

Another emerging manufacturing 
technique with great potential for O&P 
application is printed electronics, which 
incorporates tiny flexible sensors or elec-
tronic components into the socket and liner 
in precise locations. This provides sensing 
capabilities with little or no added weight 
and size while intruding minimally into the 
socket and liner structures. These sensors 
and electronics can track and/or adjust 
temperature, moisture and pressure inside 
the socket to provide enhanced comfort 

a step in the right direction

prosthetic design
Currently, there are two types of lower extremity prostheses: transfemoral 
(to replace the leg missing above the knee) and transtibial (to replace the leg 
missing below the knee). These prostheses consist of three basic components, 
as shown in Figure 1.

The socket acts as the interface between the existing limb and the 
mechanical support system. The extension, or pylon, replaces the length of the 
lost limb and may include a knee joint if the amputation is above the knee. 
The final component is an artificial foot. 

the 
basics 
Figure 1. Each type of 
lower extremity prosthesis, 
like these from the 
Ottobock company, has 
three basic components: 
the socket; the extension, 
or pylon; and the artificial 
foot. 
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