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Introduction 
High energy radiation of ultrahigh molecular weight 
polyethylene (UHMWPE) is a line-of-sight process and 
chain scission and crosslinking occur randomly. At the 
micro- and macro-scale, the morphology and material 
properties can be expected to be non-uniform, which 
might compromise the long-term performance of the 
polymeric bearing material. A novel thermal treatment of 
UHMWPE at high temperature has demonstrated the 
potential to alleviate the local non-uniformity and achieve 
an overall uniformity in the microstructure and material 
properties1.  It is hypothesized that such a UHMWPE with 
uniform microstructure should have improved mechanical 
properties and wear performance.  
Methods 
GUR1050 compression molded (CM) bars were irradiated 
at 0, 50, and 75 kGy and subsequently subjected to high 
temperature treatment (HTT) up to 250oC. The three HTT 
materials and the virgin GUR1050CM were mechanically 
tested for the J-Integral fracture toughness following 
ASTM D6068. Pristine fracture surfaces were created 
from liquid nitrogen treated samples and a permanganic 
acid etching technique was employed to remove the 
amorphous material. The exposed lamellar structure was 
analyzed using a JOEL JSM6335F FESEM operated at 
1kV and a working distance of 4 mm. 28 mm acetabular 
cups were machined from the three groups of the material 
and wear tested using a hip simulator up to 5 million 
cycles. In addition, 28 mm cups machined from 
GUR1020CM and irradiated at 30kGy under nitrogen was 
used as control.  
Results  
Figure 1 shows micrographs of permanganic acid etched 
fracture surfaces. There was no discernible difference in 
the lamellar microstructure between the HTT samples and 
the virgin material. The lamellar microstructure among 
the three HTT samples also looked similar indicating that 
HTT did not noticeably alter the crystalline morphology 
of UHMWPE. The lamellar thickness was in the range of 
about 50 to 100 nm.  However, HTT had a noticeable 
effect on the fracture toughness. The J-Integral value 
increased from 38.8 to 44.6 kJ/m2 (Table 1). Fracture 
toughness was negatively impacted by radiation induced 
crosslinks. The J-integral value decreased to 25.7 and 
22.4 kJ/m2 when the material was subjected to 50 and 75 
kGy radiation respectively. HTT seemed to fail to 
mitigate the descending trend of fracture toughness. Hip 
simulator wear test showed the proper ranking of wear 
rates for the four materials evaluated. The HTT sample 
had a wear rate of about 42mm3/mc which was a 
significant improvement over the virgin material with the 

reported wear rate2 from 80 to 120 mm3/mc.  The wear 
rates for the two HTT irradiated materials were 8 and 5 
mm3/mc respectively.   
 

Table 1 J-Integral fracture toughness (kJ/m2) at a=0.5mm 
Virgin 

1050CM 
(G1) 

HTT  
+ 0kGy  

(G2) 

HTT  
+ 50kGy 

(G3) 

HTT  
+ 75kGy 

(G4) 
38.8 44.6 25.7 22.4 
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Figure 1 Microstructure of permanganic acid etched fracture surfaces 
 

Table 2 Hip simulator wear 
1020CM 
+ 30kGy 

HTT  
+ 0kGy  

HTT  
+ 50kGy 

HTT  
+ 75kGy 

19.04  
+1.28 

41.62 
+2.78 

7.69 
+ 1.03 

5.17 
+ 0.95 

 
Conclusion  
Although HTT seemed not to alter the crystalline 
morphology, it was demonstrated in a separate study that 
HTT could cause the gel content of UHMWPE to increase 
significantly indicating an increase in the crosslink 
density, which occurred mostly in the amorphous region, 
The increase in crosslink density was confirmed by the 
more than one fold reduction of wear rates.        
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