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Long-Term Mechanical Property Prediction of the Proximal Tibia
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Abstract: Objective To analyze long-term mechanical properties of the proximal tibia after unicompartmental
knee arthroplasty (UKA) and total knee arthroplasty ( TKA), and explore the causes of UKA and TKA failure.
Methods The healthy, UKA, TKA proximal tibial finite element models were established. The density distribution
and stress distribution of the proximal tibia were predicted using Wolff’ s bone reconstruction theory combined with
the finite element method. Results The average stress in UKA lateral ankle was basically unchanged, but with
an increasing tendency. There was a 2% increase in average density, the average density of the medial ankle
was reduced by 13% and the average stresses were reduced by 11%. There was a 1.5% reduction in average
density, and a 14% reduction in average stress in TKA lateral ankle. The average density of the medial ankle was
reduced by 1.4% , and the average stress was reduced by 19%. There was a 10% increase in average density at
the prosthetic end, and a 15% increase in average stress. Conclusions Implantation of UKA and TKA prostheses
can cause stress shielding, which may be the main cause of post-operative loosening of the prosthesis. There is
an increase in the stress at the end of TKA prosthesis, which may lead to the failure of TKA. The average stress
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on the non-replacement side of the UKA increases with the bone reconstruction, which may lead to worsening of

osteoarthritis on the contralateral side of the UKA in the medium to long term. The results of this study may
provide data support for reducing probability of UKA and TKA complications.
Key words: unicompartmental knee arthroplasty ( UKA) ; total knee arthroplasty ( TKA) ; proximal tibia; bone

remodeling; bone density
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Fig.2  Stress distribution of healthy tibia and ROI distribution of the tibia
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