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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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Table 1  Material parameters of the articular cartilage   
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Figure 7  Mises stress nephogram at different repair depths 

���� A ����B ��	��C �
��D ��� 

A 

0.0515 

0.0473 

0.0432 

0.0390 

0.0348 

0.0306 

0.0264 

0.0222 

0.0180 

0.0138 

0.0096 

0.0054 

0.0012 

S,Mises 

(Avg:75%) 

B 

0.0763

0.0701 

0.0639

0.0577 

0.0515

0.0454 

0.0392

0.0330

0.0268

0.0206 

0.0144

0.0083

0.0021 

S,Mises 

(Avg:75%) 

0.0449 

0.0413 

0.0378 

0.0343 

0.0307 

0.0272 

0.0237 

0.0201 

0.0166 

0.0131 

0.0095 

0.0060 

0.0025 

S,Mises 

(Avg:75%) 

C 

D 

0.0686 

0.0631 

0.0575 

0.0520 

0.0465 

0.0409 

0.0354 

0.0299 

0.0243 

0.0188 

0.0133 

0.0078 

0.0022 

S,Mises 

(Avg:75%) 

����� ���	 
�� 
��	 

E

r

 E

θ

 E

z

 v

rθ

 v

rz

 v

θz

 G

rθ

 G

rz

 G

θz
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Figure 1  The non-confined 

compression finite element 

model of the articular cartilage 
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Figure 2  Distribution of 

collagen fibers in different 

layers of the articular 

cartilage 
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Figure 4  Initial void ratio in each layer of the articular cartilage 
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Figure 3  Axial elastic modulus of the cartilage with normalized 

depth 
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Figure 10  Mises stress nephogram of the tissue-engineered cartilage with different shapes 
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Figure 5  Strain curves of the normal cartilage on Z direction under different compressive loads 
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Figure 8  Maximum Mises stress at different repair depths 
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Figure 6  Repair pathways at different parts of articular cartilage 

defects 
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Figure 11  Pore pressure distribution after repair with the truncated 

cone-shaped tissue-engineered cartilage 
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Figure 12  Pore pressure distribution of the normal cartilage 
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Figure 15  Flow changes at path1 repaired with different shaped 

tissue-engineered cartilage 
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Figure 14  Liquid flow nephogram of the tissue-engineered cartilage with different shapes at 1 000 seconds 
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Figure 9  Pore pressure-time curves at different repair depths 
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Figure 13  Pore pressure of the tissue-engineered cartilage with 

different shapes at 1 000 seconds 
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