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Analysis of Sports Injuries Mechanism Using a 3-dimensional Finite Element Model
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The aim of this study was to clarify the condition inside the knee joint at
onset of injury, including ligament and meniscus injuries, by constructing a three-dimensional (3D)
finite element model of the bones, ligaments, meniscus, and other parts of the knee from a magnetic
resonance image (MRI) and simulating the condition when an individual sustains a sports injury.
Using a finite element model enabled visualization of the condition inside the knee joint at the
time of the injury which ordinarily cannot be seen through the surface of the skin. As the angle of
flexion, valgus and rotation of the knee joint increased. The tensile stress on the medial
collateral ligament was the first to increase. Compression stress was then added to the lateral
meniscus. Following, high tensile stress was generated for the anterior cruciate ligament.
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Material properties Density (g/cmd) Youngs Modulus Poissons Ratio
_(MPa)

Bone (Cowin 1989) 2 17000 0.36

Meniscus  (Pena 2006) 1.2 59 0.49

Ligament An approximation model : Mooney-Rivlin

W =c1o01 = 3) + co1(J2 = 3) + 2001 = 3)* + €11 (1 = 3)(2 — 3) + co2(J2 — 3)*

C10= 25MPa, ¢y = 408MPa (RIKEN, Mechanical Property Database)
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