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Numerical analysis on damage evolution of rectangular articular

cartilage with micro-defect under compressive loads

JIANG Yan-long, MEN Yu-tao, CHEN Ling, YE Jin-duo, ZHANG Chun-qiu, FU Hu
( School of Mechanical Engineering, Tianjin Key Laboratory of the Design and Intelligent Control of the

Advanced Mechatronical System, Tianjin University of Technology, Tianjin 300384, China)

Abstract: Objective To study the damage propagation and evolution mechanism of cartilage under compressive
loads. Methods The fiber-reinforced porous elastic model of cartilage with micro-defect was established by using
finite element method, and the process of damage evolution under compressive loads was simulated and ana-
lyzed with parameters. The patterns of stress and strain distributions on cartilage matrix and collagen fiber at dif-
ferent damage extension stages were obtained. Results The strain in the surface and forefront of cartilage dam-
age increased significantly with the increase of compression displacement, and they were obviously in positive
correlation; in the process of damage evolution, there was a trend that cartilage extended to the deep and both
sides simultaneously; cracks and damage in cartilage extended preferentially along the fiber tangent direction.
With the aggravation of cartilage damage, the lateral extension speed was significantly faster than the longitudinal
extension speed. Conclusions The process of cartilage damage extension has a close relationship with the distri-
bution of fibers. The damages in matrix and fiber promote each other. The evolution speed and degree of carti-
lage vary constantly in different layers and at different stages. These results can provide the qualitative reference
for prediction and repair of cartilage damage, as well as the theoretical basis for explaining pathological phenome-
na of damage degeneration and its clinic treatment.

Key words: Micro-defect; Cartilage; Damage evolution; Compressive load; Damage criterion; Finite element
analysis
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