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saved in STL format, which is required for 
rapid prototyping and manufacturing. 

Sole units were manufactured at the uni-
versity using 3D Systems’ selective laser 
sintering (SLS) process with a Vanguard 
SLS System and DuraForm Plastic. SLS is 
an additive manufacturing process that 
uses a high-temperature laser to melt or 
fuse powdered thermoplastic into solid 
cross-sections, layer by layer, until 3D parts 
are built. 

The SLS process enabled the researchers 
to quickly build “one-offs,” encouraging 
freedom beyond what is afforded by other 
manufacturing processes. The researchers 
were able to cater to the different needs of 
individual athletes by adding and subtract-
ing layers of plastic to make soles either 
stiffer or more flexible.

“We could have gone to molding, but it 
would have taken us a lot more time and 
a lot more money,” says Dr. Neil Hopkin-
son, who is the principle investigator for the 
Loughborough University research project. 
“Time, cost, and design freedom were im-

proved with selective laser sintering.”

DuraForm Spikes vs. Traditional Spikes
Sprint spikes with DuraForm sole units 
were benchmarked against a range of spikes 
either purchased by the researchers or sup-
plied by various manufacturers. The testing 
used a number of existing (e.g., ASTM F911-
85) and specially developed mechanical 
testing methods at Loughborough and at 
TNO Industries in the Netherlands. 

The spikes with DuraForm sole units 
were found to generally have longitudinal 
bending stiffness spanning the mid to high 
range of stiffness compared to other spikes, 
while some proved stiffer than any other 
spikes tested.

“DuraForm is a tried-and-tested mate-
rial in selective laser sintering,” Hopkinson 
says. “We had the confidence in it. It gave 
us the right degree of stiffness for our re-
search.”

Standard sprint shoe uppers supplied 
by New Balance Athletic Shoes were 
“roughed” using an abrasive wheel. This 
prepared the area for applying a primer 
and cement (glue) to attach the sole unit. 
Once the upper was primed and cemented, 
the sole plate was attached by hand to the 
upper.  The lasted upper with the sole was 
then placed into the sole press, which ap-
plies from 50 to 60 psi (3.5 to 4 bars) of equal 
pressure around the entire shoe to ensure 
the sole plate is firmly attached to the up-
per. Once a cushioned insert was inserted, 
the sprint shoes were then ready for physi-
cal testing.

Testing Athletes at the Lab and Track
In the laboratory at Loughborough Univer-
sity, a variety of tests was performed with a 
number of elite athletes. Standard tests such 
as squat jumps and bounce drop jumps 
were used for repeatable measurement of 
performance using sole units of different 
stiffness. Equipment used included a Vicon 
3D motion analyzer (recording at 960Hz) 
and a Kistler force plate (recording at up to 
1000Hz).

On the track, the influence of sprint spike 
stiffness on joint angles was measured at 
different stages of a 100-meter sprint (at 10 
meters and 50 meters) using high-speed 
digital video that captured 1,000 frames 

per second. Angles were measured using 
strategically placed markers on spikes and 
on bare feet at Loughborough University’s 
High Performance Athletics Centre. The 
results helped the researchers quantify the 
effects of spikes on kinematics in the foot 
during sprinting.  

Athletes were told that the sprint spikes 
were customized with selective laser sinter-
ing technology, however, Toon says, “They 
saw them as another pair of high-perfor-
mance shoes.”

The Future of Athletic Footwear
Professor Mike Caine, Director of Lough-
borough University’s Sports Technology 
Institute, says, “The vision is for this tech-
nology to be in place for 2012 to help boost 
the medal-winning opportunities of Team 
GB’s sprinters. It could also be applied to a 
number of other sports.”

“The long-term aim of this research is to 
allow members of the public to have their 
own personalized footwear,” Hopkinson 
added. “Achieving success with elite ath-
letes will prove to be the catalyst, allowing 
our processes to be applied to everyone.” n

Julie Graham is the communications specialist at 3D 
Systems. You can send e-mail regarding this article to 
DE-Editors@deskeng.com.

The process of designing and building 
custom sprint spikes:
>Take 3D digital scans of shoe lasts
>Import scans into CAD software
>Create various designs in CAD to  
   test stiffness
>Build sole units on a selective  
   laser sintering system using a  
   tough thermoplastic
>Test customized sprint spikes  
   with varying stiffness on the  
   sprinter in the lab, then at the track.
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Geometry from existing lasts was imported 
into SolidWorks and soles were designed.

The spike soles were manufactured in a  
Vanguard selective laser sintering machine.


