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Abstract: [Objective] To investigate the effect of pillar metal augment used for tibial bone defect in revision knee arthroplasty on the

stability of the tibial implant and the bony stress on the tibial plateau. [Methods]| Bone defect was created in the medial tibial plateau of a 3D
computational model from a composite tibia model, and revision knee arthroplasty was simulated. Cement was used for repairing the tibial
bone defect in the traditional revision model (TRM), while pillar metal augment was used for repairing tibial bone defect in the pillar metal
augment revision model (PMA). Stem and cone metal augment were used in both revision models. As load was applied to the models, the mi-
cromotion at the bone—cement interface and the von Mises stress on the bone of the medial tibial plateau were measured and compared be-
tween these two models. [Results] Although there was no significant difference in the micromotion of the cancellous bone-cement interface
of the medial tibial plateau between the TRM and PMA [(1.1£0.3) pm vs (1.0£0.4) pm, P=0.365], the TRM proved significantly greater than
the PMA in term of the cortical bone—cement interface of the medial tibial plateau [(2.7+1.2) pm vs (2.6+1.2) wm, P=0.032]. In addition, the
TRM had significantly lower von Mises stress on cancellous bone of the medial tibial plateau than the PMA [(0.2+0.0) MPa vs (0.7+0.1) MPa,
P<0.001], whereas there was no significant difference in von Mises stress on the cortical bone of the tibial plateau between the TRM and the
PMA [(4.0+1.3) MPa vs (3.9+1.3) MPa, P=0.071]. [Conclusion] The pillar metal augment used for tibial bone defect in revision knee arthro-
plasty does improve the stability of the prosthetic component, and increase the stress on cancellous bone of the tibial plateau.
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Figure 1. Bone defect model of the tibial plateau.
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Table 1. Number of nodes and units of each component

w0 RERSEAe LT ¢
S I 269 114 168 838
P 280 473 189 525
R Bk 35346 21419
Jig4 A BdA 22 425 13 958
FERAT 45575 30255
KU 114 940 70 593
HETE 4 Jmrh ik 31990 19 901
B4 R Hhk 38597 23 854
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Table 2. Material properties of each component

A A (MPa) TR L
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Figure 2. Revision knee arthroplasty model. 2a: Traditional revision model, the medial tibial plateau bone defect filled with bone cement;

2b: Pillar metal augment revision model, the medial tibial plateau bone defect repaired with pillar metal augment.
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Table 3. Micromotion of bone—cement interface of medial
tibial plateau (um, ¥ +s)

HBAE EGTFARBR I 48 AT AR AR P
L/NDIGES 1.1£0.3 1.0£0.4 0.365
4= 2.7+1.2 2.6x1.2 0.032
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4 6.2 MPa. HHIE & @AM AR A A BT f R )
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Figure 3. Micromotion nephogram of the tibial plateau bone—cement interface. 3a: Micromotion nephogram of the cancellous bone—ce-

ment interface in traditional revision model; 3b: Micromotion nephogram of the cortical bone—cement interface in traditional revision

model; 3¢: Micromotion nephogram of cancellous bone—cement interface in pillar metal augment revision model; 3d: Micromotion nepho-

gram of the cortical bone—cement interface in pillar metal augment revision model.
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Figure 4. von Mises stress nephogram of the bone under the pillar metal augment on the tibia plateau. 4a: Cancellous bone stress in tradi-

tional revision model; 4b: Cortical bone stress in traditional revision model; 4c¢: Cancellous bone stress in pillar metal augment revision

model; 4d: Cortical bone stress in pillar metal augment revision model.
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