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INTRODUCTION 

For prosthetic sockets, the traditional plaster-casting 
fabrication methods have several negative aspects 
including: an inconsistent manual process, production 
of material waste, excessive process time, and the 
destruction of original shape data. The introduction of 
CAD technology offered improvements; however, a 
positive model is still required for fabrication. Direct 
manufacturing, the process of directly converting CAD 
information into a product, provides a means to 
eliminate the use of positive models, better control 
over socket design, and the ability to incorporate 
innovative features. Previous research in direct 
manufactured prosthetic sockets has focused on 
clinical trials and lack mechanical evaluation (Hsu, 
2010; Rogers, 2007; Tay, 2002).  The purpose of this 
research is to mechanically evaluate a direct 
manufacturing technology, Selective Laser Sintering 
(SLS), for a prosthetic socket application.  

METHOD 

Socket Design: Sockets were designed from a 
generic transtibial CAD model extrapolated to 
represent a 98

th
 percentile male.  

Procedures: Testing was conducted using a modified 

International Standard for Lower Limb Prosthetics 
(ISO 10328) in Condition II at A125 level using a 
simulated residual limb model. A total of six sockets 
were evaluated: three SLS (EOS, Munich, Germany) 
fabricated using a Nylon-12 material and three 
conventional carbon laminated sockets fabricated by 
a CFAB facility. For each socket type, two sockets 
were tested to failure under static conditions and one 
socket under dynamic cyclic conditions.  

Data Analysis: For static testing, compression forces, 
which indicate permanent deformation, were 
evaluated against the ISO 10328 A125 brittle failure 
passing criterion of 4426 N. For dynamic testing, the 
passing criterion was the completion of 3 million 
cycles, as with ISO 10328. 

RESULTS 

The results from the static testing are located in 
Figure 1.  Both the SLS and carbon laminated sockets 
passed the brittle criterion stated for ISO 10328 A125 
(Condition II). For the dynamic testing, the SLS and 
carbon laminated sockets passed the required 3 
million cycles with no appearance of fatigue stress 
(cracks), or any other structural damage. 

 

DISCUSSION 

The SLS fabricated sockets produced sufficient 
strength and desirable fatigue resistance 
demonstrating it as a viable option for prosthetic 
sockets. The static strengths of the SLS sockets were 
superior to the conventional carbon laminated 
sockets. In addition, the SLS direct manufacturing 
technology provided a more consistent process with 
minimal variability between sockets. The use of 
different materials and processes may produce 
varying results and require further investigation. The 
next step is to clinically evaluate SLS sockets. 

CONCLUSION 

SLS technology was shown to be a mechanically 
feasible option for the production of prosthetic 
sockets. Direct manufacturing technology has the 
ability to automate fabrication processes, provide 
consistent socket performance, control design 
dimensions, reduce waste, and incorporate unique 
features.  
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Figure 1. Static failure loads for the SLS and 
carbon laminated sockets. ISO 10328 Condition 
II A125 brittle passing criterion (▬). 


