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Tribological Comparison of PE-UHMW Artificial Cervical Intervertebral Disc under In Vivo and In Vitro Conditions
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Abstract : The tribological properties of metal and ultra-high molecular weight polyethylene (PE-UHMW) based cervical
intervertebral disc prosthesis (TDA) ‘were investigated under in vivo (head flexion-extension movement) and in vitro [ISO
18192-1(2014)] conditions. Analytical lubrication regime analysis was conducted by adopting Hamrock & Dowson minimum film
thickness equation. Numerical wear simulation was performed using the cross-shear dependent Archard wear equation. Abrasion
and adhesion wear of PEFUHMW TDA was then quantitatively predicted for five million cycles. The results show that membrane
thickness percentage A value is always below unity, disregard the different working conditions. This may indicate that boundary
lubrication is dominate and surface asperities contact is likely. According to the volumetric change of PEFUHMW TDA, the in
vivo wear rate was one order of magnitude lower than that of in vitro, and volumetric loss ratio tended to be stable after 1 million
cycles.Among the adopted three testing conditions, ISO-standard condition results in the highest volume wear rate of 0.822 mm?® /
million cycles. Meanwhile, the gravimetric wear loss of ISO-standard, 1SO-alternative and head flexion-extension are 0.768,0.607,
0.025 mg/million cycles, respectively. In the future, it is necessary to carry out in-depth experimental comparative study, and to
systematically study the influence of different head movement types on the in vivo wear of PE-UHMW TDA.

Keywords : artificial cervical intervertebral disc ; in vivo ; in vitro ; wear simulation ; lubrication analysis
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