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A Numerical Study on the Response of the Tibial Component in
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Abstract  In this study, the stress distribution for different tibial components was observed in order to investigate the load transfer and
potential failure mechanism of the tibial components subjected to dynamic impact loading and also to evaluate the effect of bone-implant
bonding conditions on the implant system. The 3-dimensional finite element models included an intact tibia, cemented metal-backed tibial
component, uncemented metal-backed tibial component, cemented all-polyethylene tibial component, and metal-backed component with a
debonded bone/stem interface. The results showed that the cemented metal-backed component induced slightly higher peak stress at stem
tip than the uncemented component. The peak stress of the all-polyethylene tibial component at stem tip showed about half that of
metal-backed tibial components. The all-polyethylene component showed a similar dynamic response to intact tibia. In case of debonded
bone/stem interface, the peak stress below the metal tray was three times higher than that of the fully bonded interface and unstable
stress distribution at the stem tip was observed with time, which causes another adverse bone apposition and implant loosening. Thus, the
all-polyethylene tibial component bonded fully to the surrounding bone might be most desirable system under an impact loading.
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Table 1. Material properties of the tibialrcomponents

Material Young’s Modulus [GPaj Pmssonb I‘clLlO - Yled Stress [MPa]V 7 ;S;Qit; [g/cmT
" Cortical bones shown in Fig. 5 030 122.50 S 200 _
Cancellous bones shown in Fig. 5 0.45 1.47 0.97
UHMWPE 0.5 0.40 22 0.94
Co-Cr Alloy 200 0.29 690 9.20
PMMA 2 0.19 30 1.19
E 2.2} AZR4S0 MUl 3|0 von-Mises stress - [MPa]
Table 2. Maximum von—stes stress of each tibial component un:t [MPa]
" Component Type V. M.S. LI V.M.S L2 oW I\i—é MCI V.M.S. MCz V. M. S. LLili V.M S 12
o INTAC? S __6777 o —771 6 7755 M4 @EW —77697 -
CMBT 14 2.7 74 84.4 721 81.7
UMBT 1.4 1.9 75.4 84.2 73.8 82
UMBT DEBONDED 4 1.9 74.6 81.8 80.1 80
CAPT 4.5 1 76.7 69 60.9 72 6

3

Metal tray

;i

’%
33mmstem ¢ g
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Fig. 1. FEM Model of Uncemented Metal-backed Tibial Compo-
nent
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| 2 24
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o
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Fig. 2. FEM Model of Cemented Metal-backed Tibial Component
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Fig. 9. Von-Mises stress versus time history at the cortical
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Fig. 10. Von-Mises stress versus time history at the cortical
bone of medial side (C2)
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Fig. 11. Von-Mises stress versus time history at the cortical
bore of lateral side (C1)
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