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Dynamic finite emement modeling of human knee joint and ap-
plication in TKR

WANG Jian-ping', WU Hai-shan’, WANG Cheng-tao’.(1.School of Mechanical Engineering
Shanghai Jiaotong University, Shanghai 200240, China; 2.0Orthopaedics of Changzheng Hospital, Shanghai
200433, China)

Abstract: Objective For the research of relative motion and dynamic biomechanics of knee joint during squat.
Providing the data of relative motion and biomechanics of knee joint for research of bio-tribology. Method Dy
namic finite element (FE) model of knee and after total knee replacement (TKR), which include tibio-femoral,
patello-femoral articulations and the surrounding soft tissues, were deweloped in this research, to simulate
both the kinematics and the internal stresses during squat simulation. The kinematic simulating results and
the contact stresses distribution of a full deformable contact analysis of knee and prosthetic knee joint during
squat, were verified by comparing with the data from an unique experiment. Result The dynamic 3D relative
movement data and the contact distribution and stress of both tibiofemoral and patellofemoral joint in dynamic
deep flexion were obtained.The resulis showed that relatively higher contact stresses were distributed in three
different areas: the interface of cam-post and the anterior tibia insert, medial-posterior tibia insert and posteri-
or tibia trabecula. These were also main areas with high wear rate. Conclusions The established dynamic
FE models are capable of predicting the kinematics and the stresses during squat,and could be a efficient
tool for the analysis of TKR, research of bio-tribology and knee prosthesis design.
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Fig.1 (a) The FE model of knee after TKA, (b) The FE model of knee.
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Fig2 The relative mowement of tibiofemoral joint (a) Internal/external and abduction/adduction of tibiofemoral joint, (b) Translation of

tibiofemoral joint
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(a) Stress distribution of 0° flexion, (b) Stress distribution of 30° flex-

ion, (c) Stress distribution of 60° flexion, (d) Stress distribution of 90° flexion, (e) Stress distribution of 120° flexion
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Fig4 Stress comparison applied to insert between experimen-
tally measured and the FE results, where m refers to the medial
insert, and | refers to the lateral insert
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Fig5 Stress of0°,30°,60°,90°,120° flexion on button (a) Stress distribution of 0° flexion, (b) Stress distribution of 30° flexion, (c)

Stress distribution of 60° flexion, (d) Stress distribution of 90° flexion, (e) Stress distribution of 120° flexion
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Fig.6 The three higher contact stress regions (a) Stress on tibia of - 15° flexion, (b) Stress on tibia of 120° flexion, (c) A severely de-

graded Press-Fit Condylar polyethylene tibial insert with significant delamination on the articular surfaces is shown!™"]
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