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Mo#va#on	
  for	
  Study	
  
-­‐  900,000	
  TJR	
  annually	
  in	
  U.S.	
  and	
  
majority	
  u#lize	
  UHMWPE	
  

-­‐  Simple	
  mechanical	
  characteriza#on	
  
methods	
  are	
  needed	
  for	
  material	
  
comparisons	
  and	
  retrieval	
  analysis	
  

-­‐  Numerous	
  clinical	
  formula#ons	
  of	
  
UHMWPE	
  in	
  varying	
  crosslink	
  dose,	
  
thermal	
  treatment	
  and	
  an#oxidant	
  
chemistry	
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Compression:	
  Stress-­‐Strain	
  Curves	
  

0 0.02 0.04 0.06 0.08 0.1 0.12
Strain (mm/mm)

0

5

10

15

20

25

30

35

40

St
re

ss
 (M

Pa
)

AO
GUR 1020
Vitamin E

Nanoindenta#on:	
  Load-­‐Displacement	
  Curves	
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  and	
  
nanoindenta#on	
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Yield Strength: 
Use of 0.2% offset 
method  
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•  Sample size per 
material group = 5 

Tip-radius: 20 um 
Load-Rate: 30 uN/s 
Hold: 10 seconds 

Nanoindenta#on:	
  Load-­‐Displacement	
  Acquisi#on	
  
(1)	
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  rado	
  =	
  0.46	
  for	
  UHMWPE	
  [1]	
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Overview:	
  Nanoindenta#on	
  Theory	
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Nanoindentation: Load-Displacement Curves

Residual depth (hr)
Max-Depth (hmax)

Elastic depth (he)

he/2hp

Max Load

UnloadingLoading

Determina#on	
  of	
  reduced	
  elas#c	
  modulus	
  and	
  hardness	
  

Pm:	
  max	
  load.	
  
	
  hr:	
  residual	
  depth.	
  
	
  he:	
  elas<c	
  depth.	
  

	
  hmax:	
  depth	
  of	
  penetra<on.	
  
	
  hp:	
  depth	
  of	
  the	
  circle	
  of	
  
contact	
  from	
  the	
  specimen	
  

free	
  surface.	
  
	
  he/2:	
  distance	
  from	
  the	
  

boMom	
  of	
  the	
  contact	
  to	
  the	
  
contact	
  circle.	
  	
  

a:	
  radius	
  of	
  circle	
  in	
  contact.	
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Results:	
  Nanoindenta#on	
  and	
  compression	
  
mechanical	
  proper#es	
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Conclusions	
  
•  Our	
  study	
  shows	
  a	
  strong	
  
correladon	
  between	
  modulus	
  
measurements	
  made	
  though	
  
nanoindentadon	
  and	
  
compression.	
  

•  Nanoindentadon	
  provides	
  a	
  
tool	
  for	
  the	
  surface	
  
characterizadon	
  of	
  UHMWPE.	
  
The	
  method	
  provides	
  a	
  valid	
  
technique	
  to	
  determine	
  
modulus	
  and	
  hardness	
  across	
  
climical	
  formuladons	
  of	
  
UHMWPE.	
  

Ongoing	
  work	
  
U<liza<on	
  of	
  nanoindenta<on	
  	
  
for	
  the	
  characteriza<on	
  of	
  reduced	
  
modulus	
  and	
  hardness	
  in	
  retrievals.	
  
	
  	
  
Correla<on	
  between	
  surface	
  	
  	
  
proper<es	
  and	
  microstructure.	
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