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Abstract

BACKGROUND: Uncertainty of repairing articular cartilage defects is highly associated with the mechanical behaviors of the defected area,
and the mechanical environment varies with the defect shape, depth and load.

OBJECTIVE: To study the mechanical behaviors of articular cartilage defects under physiological load by finite element analysis.
METHODS: The axisymmetric model of articular cartilage injury and repair based on transversely isotropy was established using ABAQUS
software. The mechanical behaviors of the defect zone repaired with different repair shapes (cylindrical, frustum of a cone, orthorhombic prism,
elliptical column) and depths of tissue-engineered cartilage under compressive load were analyzed.

RESULTS AND CONCLUSION: The simulation results showed that there were significant differences in the mechanical behaviors of the
defect area repaired with tissue-engineered cartilage in different shapes and depths. The stress concentration was the most obvious at the
middle-layer defect repair, and the stress distribution was more reasonable at the deep (whole) layer defect repair. Furthermore, the
distribution of the stress field and the liquid flow field at the cylinder-shaped tissue-engineered cartilage repair was the closest to the normal
cartilage. That is to say, the tissue-engineered cartilage in cylinder or frustum-cone shape is recommended to repair cartilage defect.

Importantly, the middle-layer repair is inadvisable.

Subject headings: Cartilage; Numerical Analysis, Computer-Assisted; Stress, Mechanical; Tissue Engineering
Funding: the National Natural Science Foundation of China for the Youth, No. 11402172; the Key Project of National Natural Science
Foundation of China, No. 11432016; the Natural Science Foundation of Tianjin, No. 15JCZJC32800
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F1 XTERBMRSH

Table 1 Material parameters of the articular cartilage

W)z A AL AR R
E. Eq E, Vig Viz Voz Gre G, Ge:
layer1 0.808 7 0.808 7 0.084 7 0.3109 0.1037 0.099 297 0.307 9 0.037 8 0.037 8
layer2 0.791 2 0.7912 0.126 7 0.3102 0.083 4 0.073 687 0.300 4 0.037 6 0.037 6
layer3 0.759 7 0.7597 0.1754 0.3107 0.056 1 0.057 606 0.290 6 0.037 4 0.037 4
layer4 0.694 5 0.694 5 0.394 0.307 2 0.037 8 0.035 078 0.266 8 0.037 2 0.037 2
layer5 0.6429 0.6429 0.573 5 0.305 5 0.028 9 0.028 586 0.2453 0.037 0.037
layer6 0.624 0.624 0.580 4 0.3037 0.028 7 0.028 276 0.2393 0.036 9 0.036 9
layer7 0.593 2 0.593 2 0.667 4 0.3016 0.027 2 0.025 598 0.2291 0.036 8 0.036 8
layer8 0.470 2 0.470 2 1.044 8 0.288 1 0.02 0.018 857 0.180 1 0.036 7 0.036 7
layer9 0.226 6 0.226 6 1.666 0.226 1 0.0103 0.010 419 0.090 1 0.036 9 0.036 9
layer10 0.077 0.077 2.05 0.2 0.004 0.003 486 0.032 0.037 0.037
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