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The Research Progress of Finite Element Analysis on the Biomechanics of Knee Implants
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Abstract: Knee joint implants are widely used to replace damaged tissue in the knee joint, restoring normal function
and normal stress distribution within the joint. Finite element analysis (FEA) can use limited and interconnected elements
to accurately and quickly calculate the knee joint stress , and intuitively display the knee joint stress distribution after im-
plantation. In this paper, we review the literature of finite element method in the field of biomechanics of knee implants
through databases such as CNKI, Web of Science and PubMed. We take artificial knee joint, artificial meniscus and ante-
rior cruciate ligament graft as the main topics, and analyze the influence of implants on the stress distribution of postopera-
tive knee joints under different materials, structural settings and implantation conditions. The current technical problems
and future development directions in this field are presented.
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,_I

CT and MRI data of knee joint (*.DICOM) |

I Extract bone and soft tissue by using MIMICS software |

Establish the three-dimensional _
model of knee joint

Optimize the surface of bones and soft tissues through GEOMAGIC software

‘I Assemble the components of the knee joint in SOLIDWORKS software |

Key parameters for knee joint FEM I

Material properties, contact conditions, constraints and applied forces |

I Perform FEA in professional software (ANSYS, ABAQUS, etc.) |

E1 BRXTFEMEZESTHERTRE
Fig.1 The basic process of knee joint FEM modeling and analysis
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F1 BXTFEMWigk o5 REHEE
Table 1 Knee joint FEM material property settings

[tems Kedgley™ Wan'"' Bao'"’
10—node tetrahedral mesh 10—node tetrahedral mesh
Mesh linear tetrahedral mesh
(C3D10M) (C3D10M)

Cortical i1 bod E=16.2 GPa . i1 bod

rigid bo rigid bo
bone 8 Y ©=0.36 8 Y
Cancellous E=389 MPa

rigid body rigid body
bone ©=0.30
Articular E=13 MPa E=5 MPa E=15 MPa
cartilage ©n=0.42 ©=0.46 n=0.47

axial direction
E=20 MPa; u=0.20;

radial direction

Meniscus
E=20 MPa; u=0.20
circumferential direction
E=150 MPa; ©=0.30;
anterior cruciate ligament 216 N/mm
) posterior cruciate ligament 130 N/mm
Ligament

anterior medial ligament 169 N/mm

posterior medial ligament 207 N/mm

E=20 MPa; u=0.20

E=20 MPa; ©=0.20
circumferential direction

E=140 MPa; u=0.30

axial direction

E=20 MPa; u=0.20

axial direction

radial direction
E=20 MPa; ©=0.20
circumferential direction E=

120 MPa; u=0.30

radial direction

Neo—Hookean hyperelastic

Mooney—Rivlin hyperelastic model

model

E is the Young s modulus, p is the Poisson’s ratio, and C3D10M is the improved 10 —node tetrahedral element. Using C3D10M element to

calculate stress is more accurate.

Femur cartilage ~ Femur
Cortical bone of tibia

Trabecular bone of tibia
Tibia

Posterior view Anterior view

ACL MM )

LM
LCL

MCL

Tibia cartilage
Fibula
PCL

B2 X9ARERMEENENEXT FEM"
Fig. 2 Knee joint FEM with different sizes of tetrahedral

elements'"”’
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Femoral

/ tunnel
\
\

FEM of knee joint. A showed the FEM after implantation; B
showed the placement of different long—distance grafts in bone tunnels.
FgkF: the site near the femoral fixation of the graft; FM: the mid—point
between the femoral fixation of the graft and the distal port of the femo-
ral tunnel; FD: the site near the distal port of the femoral tunnel; TP:
the site near the proximal port of the tibial tunnel; TM: the mid—point
between the tibial fixation of the graft and the proximal port of the tibial

tunnel; TgF: the site near the tibial fixation of the graft.
3 ACLE#BRARFBHFEM™

Fig. 3 FEM after anterior cruciate ligament replacement

surgery"*’
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