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Crosslinking UHMWPE: Trade-offs
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Clinical retrievals exhibiting fatigue fractures
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Clinical fractures: initiated at sites of stress concentrations in crosslinked
acetabular liners (4 manufacturers) ranging in crosslinking dose from 4-10 Mrad.
No oxidation was detected (Ol = 0.072 - 0.1). Time in-vivo : 3 mo - 5.5 yrs.
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Liner Locking Mechanism Failure of a Crosslinked

Acetabular Liner Caused by Impingement

A 65 year-old male (240 Ibs., BMI = 30) underwent right
total hip arthroplasty in 2002 for osteoarthritis.

Implants were an S-ROM femoral stem, 28mm+3 CoCr
femoral head, 58mm Pinnacle shell, and 5 Mrad Marathon
XLPE liner (Depuy, Warsw, IN).

In September 2010, the patient presented after rising from
a chair and feeling a sharp pain in his right hip and groin
accompanied by a popping and grinding noise.

Radiographs demonstrated eccentric position of the femoral
head within the acetabular shell consistent with dissociation
of the liner.

Revision total hip arthroplasty was performed during which
displacement of the liner from the acetabular shell was
confirmed

5 of the 6 liner locking tabs fractured.






Tradeoff in Fatigue Crack Propagation and Fracture Behavior
in Crosslinked UHMWPE

(R=0.1, 5Hz)
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Fatigue Crack Propagation Resistance, Wear and Oxidation Behavior
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Fatigue Fracture Design

10® mm/cycle

107 mm/cycle

Pruitt and Furmanski, JOM, 2009;
Furmanski, Rimnac and Pruitt, DYF, 2009.



Factors affecting Fatigue Crack Propagation Resistance

Testing
— Stress ratio (R ratio)
— Frequency or strain rate
— Waveform
— Temperature

Molecular Structure
— Crystallinity
— Morphology
— Crosslinking
— Entanglement density
— Molecular weight

Environmental
— Aging
— Serum, Saline, or Air
— Oxidation
Mechanical
— Notches

— Peak Stresses and
overloads

— Multiaxial or variable
amplitude




Recommendations

-Crosslinked UHMWPE are susceptible to
fatigue and fracture in vivo. A better
understanding of fracture mechanisms is
needed.

-Special considerations for creep effects
and viscoelastic crack growth is warranted.
Static stresses in implants cannot be
discounted in implant design.

-There is a need for the development of
standard test(s) that can be used for the
characterization of fatigue - fracture
resistance and coupled design parameters
associated with crosslinked formulations of
UHMWPE used in TJA.
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