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The continuous development and availability of new 
materials of various kinds, e.g., elastomers, copolymer 
thermoplastics, and composite materials have brought a 
potentially revolutionary development in the design, 
configuration, and fitting principles of prosthetic sockets, 
especially for above-knee prostheses. All of this may re
sult in greater patient comfort, physiological, and psy
chological advantages. 

Improvements in socket comfort with concomitant phy
siological and psychological benefits are not only due to 
the materials themselves, but rather, the inherent charac
teristics of the various materials used permit socket con
figurations heretofore not possible. For example, socket 
fenestrations over selected or entire stump surface areas 
are now possible. The desirability and principle of per
mitting greater flexibility over muscular areas than is pos
sible in a rigid, laminated socket were appreciated more 
than 25 years 1 ago in the fitting and design of the "Flexi-
cage" socket 2 which consisted of nylon cords strung be
tween the proximal brim and the distal end of the socket. 
McCollough, et. al . , 3 as early as 1968, attempted fenestra

tions over selected socket areas. These attempts, however, 
were not generally successful because of the potential and 
real problems with window edema and the properties of 
the material used. These problems now have been over
come through the availability of materials which can be 
used as elastic or semi-elastic inserts, preventing window 
edema, yet permitting removal of the outer rigid socket 
shell in selected areas . 4 , 5 

Below are described several approaches allowing flexi
ble or semi-flexible stump containment, while maintain
ing the essential biomechanical characteristics required 
for interface stability to transfer body weight through the 
prosthesis to the ground, and for dynamic and safe control 
of the prosthesis. 

Two systems are curently used at the Institute of Re
habilitation Medicine at NYU Medical Center (IRM-NYU) 
to provide the characteristics described above. The first 
system consists of an inner socket laminated of Perlon 
fiber and silicone elastomer contained in a rigid plastic 
laminated socket (Figure 1). The laminated silicone elas
tomer has nearly perfect memory and permits fenestra
tions of the rigid outer socket over the posterior area 
(Figure 2), rectus femoris (Figure 3) and the adductor 
group, without causing window edema. This design 
permits greater muscle expansion than the designs de
scribed below because of the elasticity of the silicone 
material. It also provides enhanced sensory feedback, 
particularly when sitting, i.e., the patient is able to feel the 
surface of the chair or seat. The soft liner is also a boon to 
improved comfort, particularly in geriatric amputees and 
those with a history of general socket discomfort. 

The second design utilized at IRM-NYU is a Surlyn® 
inner socket (Figure 4) which permits removal of even 
more of the hard outer laminated socket (Figure 5). The 
reason larger areas of the hard socket can be removed is 
the lesser flexibility of Surlyn®. Thus, more rigid material 
can be eliminated without compromising the integrity of 
known biomechanical principles (Figure 6). 

A more recent design developed in Iceland and further 
refined in Sweden and at New York University, known as 
the ISNY socket, consists of a medical rigid frame only, 
leaving the rest of the polyethylene socket semi-flexible. 

For below knee amputations, similar systems have been 
developed at IRM-NYU and in Belgium by Van Rolleghm 
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of CEBELOR. 6 In the IRM-NYU system, a Surlyn® inner 
socket permits removal of material in the outer laminated 
socket over bony or pressure sensitive areas (Figure 7). 
This permits easy inspection of these areas and ease of 
adjustment by heating the inner socket to further relieve 
painful areas. 

The CEBELOR consists of a silicone laminated soft 
socket insert for the SP-SC below-knee prosthesis. Thus, 
it is self-suspending, provides improved comfort, and 
permits selected fenestration over pressure sensitive 
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areas, e.g., head of the fibula, distal end of the tibia. To 
prevent slippage and rotation of the inner silicone socket, 
distal and posterior plugs are laminated as an integral part 
of the soft socket to fit into female counterparts in the 
plastic laminated socket. 

Summary 
While the various systems described above employ 

different materials and socket configurations, certain 
characteristics are common to all systems. These are: im
proved muscle physiology due to greater socket flexibil
ity; enhanced sensory feedback; quicker heat dissipation 
due to thinness of the flexible stump containment mate
rial; and improved comfort, especially in the IRM-NYU 
and CEBELOR systems with the soft silicone liner. 

All these are important improvements which were 
made possible through the use of flexible or semi-flexible 
materials. Yet, the biomechanical principles of providing 
stump containment, weight transfer, and control of the 
prosthetic limb are not compromised. In the ISNY System, 
however, it is not clear how lateral and anterior/posterior 
stability of the femur is achieved, since there are no 
structural components in areas conventionally considered 
to provide such stability. This question, however, will be 
addressed in studies to be conducted in the near future. 
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