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For the investigation of PMPC-grafted MXLPE(+E) (PMPC-MXLPE(+E)) processing condition, we
found that PMPC-MXLPE(+E), which was gamma-ray irradiated for cross—linking of 100 kGy, PMPC
grafted in the conditions of MPC concentration of 0.5 M, UV irradiated for 90 min with UV
intensity of 5.0 mW/cm?, showed the same mechanical and physical properties as those of the
PMPC-XLPE material which has already been clinically used. The surface properties of PMPC-
MXLPE (+E) after accelerated aging showed no significant differences compared to those before
aging. In addition, PMPC-MXLPE (+E) showed extremely high oxidation resistance

For the evaluations of oxidative stability and impact—-to—wear resistance of PMPC-grafted
MXLPE (+E), mechanical properties of PMPC-MXLPE (+E) before and after aging were evaluated and
we found that there were no significant differences before and after aging. We modified the
in-situ visualization friction tester so that we could simulate the stress condition of
artificial knee joints. We evaluated the durability of PMPC layer and revealed that PMPC-
MXLPE (+E) showed low friction and the damage of PMPC layer was suppressed by rehydration process
In addition, we conducted impact—-to—wear test using pin—on—disk testing machine and revealed
that the gravimetric wear of PMPC-MXLPE (+E) was reduced to 10% of that of untreated specimen.

For the evaluations of surface design and wear resistance of MXLPE(+E) tibial insert, we
investigated the contact stress of tibial insert using finite element analysis (FEA) software,

and found that posterior stabilized design was suitable for PMPC grafting. We also measured
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the contact stress of real artificial knee joint using knee stress sensor system and confirmed
the suitability of our FEA results. To evaluate the wear resistance of MXLPE(+E) tibial insert,
we conducted knee simulator test of 5 million cycles. The gravimetric wear of PMPC-MXLPE (+E)
tibial insert was significantly reduced compared to that of untreated MXLPE(+E) tibial insert.
We also revealed that the number and volume of wear particles generated form PMPC-MXLPE (+E)
insert were significantly less than those from untreated MXLPE(+E) insert.

For the investigation of anti-infection property of PMPC-grafting, we evaluated bacterial
adherence and biofilm formation on the surface of titanium, cobalt chromium alloy, and MXLPE (4+E),
using in vitro/vivo infection model. We found that the PMPC grafting prevented bacterial
adherence and biofilm formation on the surface because of the formation of a highly hydrophilic
polyzwitterionic layer on the surface of substrate, which can serve as an extremely efficient
antibiofouling layer. The number of bacterial adhered on the PMPC—grafted surface was reduced
by about 100-fold or more by PMPC grafting, regardless of the biofilm—production
characteristics of the strains

For the research for the practical application of MXLPE(+E) tibial insert as a medical
device, we designed two surgical devices: one is the inserter which can set the tibial insert
onto the tibial tray while protecting the PMPC layer on the insert surface, the other is the
balancer which can maintain the appropriate ligament balance of the knee after the surgery.
We have confirmed that the devices could be used quickly and smoothly. We also manufactured
the PMPC grafting apparatus for mass—producing which achieved PMPC grafting on the optimal
area on the insert surface. In addition, we found the best cleaning and evaluating methods for

the retrieved PMPC—grafted material in artificial joints.
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