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Abstract

Mathematical models are used to better understand the mechanics of musculoskeletal structures in general, and knee joint in particular. This presentation deals with three dimensional mathematical anatomical modeling of human knee. The anatomical structure of the knee includes both patello-femoral (PF) and tibio-femoral (TF) joints, specifically 1) three bony structures: femur, tibia, and patella, 2) six ligament structures: both cruciate ligaments anterior (ACL), and posterior (PCL), both collateral ligaments lateral (LCL), and medial (MCL), posterior capsule, and patellar ligament, and 3) quadriceps tendon. The biomechanical model of the knee is a forward dynamics model to simulate knee extension exercise. Two joint coordinate systems, PF and TF, are employed to describe the knee motion. Twelve nonlinear springs, representing ligament fibers, model the ligament structure. The articular contact is considered deformable. The mathematical dynamic model of the knee consists of 24 motion differential equations and a variable number of algebraic equations describing the articular contact. Articular surfaces are modeled using Coons’ bicubic surface patches.  The resulting Differential-Algebraic Equations (DAE) system is solved using iteratively a DAE solver (DASSL) to find the differential variables followed by the evaluation of the algebraic variables. Numerical simulations of knee extension predict the screw-home mechanism, opposite loading patterns in the anterior and posterior fibers of each cruciate ligament, opposite loading patterns in the anterior and posterior cruciate ligaments. Contact forces are found to be larger on 1) the medial side of the tibio-femoral joint, and 2) the lateral side of the patello-femoral joint. These results are in agreement with experimental data available in the literature.
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