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Effect of tibial prosthesis riser length on knee biomechanics after unicompartmental knee arthroplasty
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Abstract

BACKGROUND: Unicompartmental knee arthroplasty can effectively treat severe unilateral knee osteoarthritis. It has been found that posterior tibial cortical
fracture is prone to occur after unicompartmental knee arthroplasty. The fracture begins at the keel groove of tibial osteotomy. The tibial prosthesis riser length
affects the biomechanical results of the knee joint after unicompartmental knee arthroplasty.

OBIJECTIVE: To investigate the effect of tibial prosthesis riser length on knee biomechanics in unicompartmental knee arthroplasty, and to find out the
relationship between prosthesis riser length and anterior and posterior tibial diameters of patients.

METHODS: Computed tomography image data and commonly used unicompartmental prostheses were selected from a 37-year-old healthy female with

no history of knee disease. A natural knee joint model was established and a unicompartmental prosthesis model was built. Eight different lengths of tibial
prosthesis risers were established, with a minimum length of 31 mm and a maximum length of 34.5 mm in 0.5 mm increments, for comparison with the
commonly used hospital prosthesis riser length of 33.2 mm. The material of the femoral component and tibial disc was cobalt-chromium-molybdenum alloy,
and the tibial spacer was ultra-high molecular weight polyethylene. The biomechanical changes of the knee joint were observed using finite element analysis
software loaded with 1 000 N over the femur.
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RESULTS AND CONCLUSION: (1) The tibial stress was minimal at a tibial prosthesis riser length of 33 mm; the anterior cruciate ligament stress was minimal;
the lateral meniscus stress was minimal, and the femoral prosthesis stress was minimal. The remaining components were less stressful. (2) The subject’s medial
tibial plateau anterior-posterior diameter length was 53 mm, and by calculating the ratio, the optimal ratio of tibial prosthesis riser length to anterior-posterior
tibial diameter should be about 62%. If it is lower than this value, aseptic loosening of the prosthesis may occur, and if it is higher than this value, fracture of

the bone cortex at the anterior-posterior end of the tibia may occur.
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Figure 1 | Intact knee model unicompartmental knee arthroplasty
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Table 1 | Material properties of each component
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Figure 4 | Three views of the tibia with the region of interest
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Table 2 | Stress in each component of various tibial prosthesis riser
lengths
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Figure 8 | Tibial stress nephogram at various tibial prosthesis riser lengths
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