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1st and 2nd Generation 
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UHMWPEs for Total Joints



Initiate and maintain 
periprosthetic bone 
resorption

IL-1, PGE2, IL-6,
Collagenase, 
Gelatinase

Particle Disease - Osteolysis



Wear Mechanisms in vivo - THR

SEM analysis of 138 clinical 
and autopsy retrieved 

acetabular components

Jasty et al., JBJS 1994
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1st Generation Highly Crosslinked 
Polyethylene - Simulated Hip Gait



RSA 28mm Cemented all-poly; Durasul vs. 
Conventional – Malchau 2006 AAOS-Hip Society
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Irradiated
UHMWPE

Melting No oxidation

Annealing Oxidation

Preserve 
mechanicals in 

short term

Large decline in 
mechanicals in less 

than 3 years

Slight decline in  
mechanicals

No change in 
mechanicals in over 

7 years

1st generation Xlinked UHMWPEs
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1st Generation Highly Crosslinked UHMWPEs
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Vitamin-E Stabilization of Free 
Radicals
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Accelerated Aging of Vit-E/UHMWPE
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Manufacturing Scenario

120ºC Vitamin-E 
for 16 hours

Homogenize at 
120ºC in inert 
for 24 hours

UHMWPE stock Machine Dope with
Vitamin-E 

Package and 
SterilizeIrradiate
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Diffusion Model
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100kGy VitE-UHMWPE (diffused)
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Elution of Vitamin-E

• Effect on long-term oxidative stability
– In vitro forced elution study
– Joint simulator elution study

• Local soft tissue response
– Rabbit and K9 studies

• Effect on bony in-growth
– K9 total hip study



Elution – Effect of articulation
Simulated Hip Wear + Accelerated Aging
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CR Knee 100kGy Vit-E/UHMWPE 
(diffused)
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Forced elution in boiling hexane 
(72hrs)

0.00

0.05

0.10

0.15

0.20

0.25

0.00 0.20 0.40 0.60 0.80 1.00
Depth (mm)

a-
To

co
ph

er
ol

 In
de

x

No hexane extraction

Hexane extraction 72 hours

Hexane extraction and
accelerated aged



Forced elution: Hexane Extraction + 
Aging
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Animal Studies with Vitamin-E

• Rabbit knee injections
– 2 week (n=3) and 12 week (n=6) 10mg of vitE

in emulsion or solution; carrier control: no 
inflammation in soft tissue in either groups

• Sub-Q plugs in rabbits
– 3 and 12 week (n=6) implantation with vitE

doped and control plugs of PE
– both groups showed acute inflammation at 3 

weeks and no inflammation at 12 weeks



K9 Total Hip Model
Bone In-Growth
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2nd Generation: Vitamin-E

• In comparison to 1st generation, goals with 
2nd generation were to achieve:
– Wear resistance equivalent to 1st generation
– High oxidative stability
– Better mechanical properties
– Better fatigue strength
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1st Generation Highly Crosslinked 
Polyethylene - Simulated Hip Gait



RSA 28mm Cemented all-poly; Durasul vs. 
Conventional – Malchau 2006 AAOS-Hip Society
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Crosslinking And Free Radicals

0

5
10

15
20

25
30

35

W
ea

r R
at

e 
[m

g/
m

ill
io

n 
cy

cl
e]

Aged Unaged

Highly Crosslinked
Without Free Radicals

(Longevity)

Highly Crosslinked
With Free Radicals 

(Crossfire)

~3 Mrad gamma
In Nitrogen

Conventional

Muratoglu et al., 
CORR, 2003



Explants – Oxidation Study: Wannomae, JOA 2006
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Case Study: Crossfire™ explant (33 months in vivo)
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Case Study: Longevity explant (54 
months in vivo)

• Removed because of 
dislocation

• No oxidation

• No changes in 
crystallinity

Before melt

After Melt



TKA performance can be compromised 
due to…

• Osteolysis secondary to 
adhesive wear

• Delamination



UHMWPEs for TKR: Effect of Resin

Virgin
UHMWPE

GUR 4150 and 
4120 + γ in air

Shelf and in vivo 
degradation

Himont 1900 + 
γ in air

Shelf and In vivo 
degradation

Delamination

Delayed 
delamination

Himont 1900 is no longer available. Production discontinued.



UHMWPEs for TKR: Contact Stresses

UHMWPE
insert
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UHMWPEs for TKR: Effect of Sterilization
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Case: γ in N2 sterilized tibial insert
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Highly Crosslinked UHMWPE for TKR
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NKII Cruciate Retaining –
Simulated Gait

Aged conventional 
at 5 MC

Aged crosslinked 
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Backside Changes
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Effect of counterface roughness on 
wear
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Irradiated
UHMWPE

Melting No oxidation

Annealing Oxidation
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mechanicals in 

short term

Large decline in 
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1st generation Xlinked UHMWPEs
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Residual Free Radicals in X3
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Mechanicals – VitE/UHMWPE Blend
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Mechanicals – VitE/UHMWPE Blend
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Property Comparison
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POD Wear Comparison
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Fatigue Crack Propagation
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Oxidative Stability: Long Term Aging
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Environmental Stress 
Cracking
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Bending Fatigue Comparison
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Summary
• X3

– Low wear
– Contains free radicals
– Prone to oxidation
– Long-term performance is questionable due to compromised 

oxidative stability

• VitE Stabilized Radiation Crosslinked UHMWPE
– Low wear
– No compromise on oxidation resistance of virgin UHMWPE 
– Higher strength and higher fatigue
– Suitable for high activity patients and also for more 

demanding joint implant designs
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