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Figure 1.Transtibial Sockets made 
using the Rostock Max V2 printer. The 
left image was made using the PC-Plus 
filament and the socket in the right 
image was made using ABS. 

 
 
INTRODUCTION 
The application of 3D printing to the field of Orthotics 
& Prosthetics is advancing rapidly.  This technology 
has been used to successfully fabricate transtibial 
sockets, nasal prostheses and transradial prostheses 
(Hsu et al. 2010, Palousek et al. 2014, Gretsch et al. 
2015).  Knowledge of the strength and durability of 
the materials used to print sockets using 3D 
technology is vital for determining which materials to 
use (Gerschutz et al. 2011), as safety and 
effectiveness are critical considerations. Because of 
the impending changes in the reimbursement system, 
which could affect the products that an O&P 
practitioner can offer, 3D printing may play an 
increasing role in O&P by offering patients a broader 
array of customized devices. 

 
METHOD 
The primary goal of this study was to test the tensile 
strength of a standardized prosthetic socket 
fabricated  using three different materials on a 3D 
printer, compared with previously published results 
using conventional fabrication methods. The second 
objective was to compare the time and cost 
associated with each method. We used a previously 
generated 3D model of a transtibial socket used in a 
study by Gerschutz et al. 2014 as the standardized 
model. The materials used in our tests were carbon 
fiber infused ABS filament, polycarbonate (PC-Plus), 
and ABS. All three materials were processed on the 
same Rostock Max V2 printer and tested for static 
failure as well as tensile strength. 

Procedures: This study will replicate a prior study 
performed by Gerschutz, Haynes, Nixon and Colvin. 
However this study will be testing materials used for a 
3D printer and will be considered a definitive socket. 

Data Analysis: Statistical analysis will be conducted 
on the tensile strength and impact values according to 
ASTM Standard D256 and D638 with a one-way 
analysis of variance with a 5 percent significance 
level. 

RESULTS 
This project will report on the amount of tensile 
strength and the impact break classification for each 
of the three materials based on information gathered 
from studies done by Gerschutz et al. 2011 and 2012. 
The results concluded by Gerschutz et al provided a 
significant difference between the three types of 
socket materials used. Carbon fiber provided the 
highest tensile strength at yield point comparatively 
(Gerschutz et al 2011). We similarly expect the 
carbon fiber filament to produce a higher tensile 

strength at yield compared to the PC-Plus and ABS 
filaments. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
The application of 3D printing is making extreme 
advances. There is little information on the strength 
and durability of the materials being used to print 
prosthetic sockets.  It is essential to evaluate these 
materials to ensure that the best product is being 
provided. 
  
CONCLUSION 
With the increase of technology and decrease in cost, 
3D printers are becoming more accessible to the 
public. If carbon fiber 3D printers were implemented in 
daily use for prosthetics, time and cost could be cut 
down drastically. It is in the patient’s best interest to 
be able to create a socket using the best material on 
the market at a price they can afford.  
 
CLINICAL APPLICATIONS 
The findings from this project will be useful in a 
clinical setting when deciding which process to use to 
fabricate a definitive socket, as well as, which material 
to use that will be less time consuming and costly but 
efficient at the same time.  
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