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INTRODUCTION: 
The patello -femoral (PF) joint is frequently the source of the knee 

anterior pain due to disturbances in normal tracking, instability, and 
excessive pressure syndrome. The study of functional biomechanics of 
the entire knee joint is crucial in investigation of interactions between 
quadriceps/hamstrings activation levels, cruciate ligament forces, 
contact forces, and kinematics in intact joints, those with an injured 
cruciate ligament, and following reconstruction surgeries. Such 
knowledge would benefit preventive and treatment (rehabilitation, 
implant) procedures. Despite numerous experimental investigations on 
biomechanics of the PF and tibiofemoral (TF) joints, there exists no 
realistic finite element (FE) model of the entire knee joint. In this work, 
based on a validated model of the TF joint [1,2], a 3D nonlinear FE 
model of the entire TF + PF knee joint is developed. The response of the 
unconstrained joint is then analysed in flexion (0°-90°) under differents 
quadriceps forces (FQ = 3N, 137N, 411N) and boundary conditions.  
METHODS: 

The model of the knee joint consists of three bony structures (tibia, 
femur , and patella) and their articular cartilage layers, menisci, principal 
ligaments (collaterals, cruciates, and PF ligaments), patellar tendon, and 
quadriceps muscles (divided into t hree groups). The bony structures are 
represented by rigid bodies and menisci by a non homogeneous 
composite reinforced by radial-circumferential collagen fibres.  Each 
ligament is modeled by a number of uniaxial elements with different 
prestrain s (or pretensions). The medial PF ligament (MPFL) is 
represented by four elements, the lateral PF ligament (LPFL) by three, 
and the patellar tendon (PT) by nine. The 3D motion of the joint is 
characterized by proper joint coordinate systems imbedded in the tibia 
and patella. To simulate a fully unconstrained flexion response, the 
femur is fixed while the tibia and the patella are left free. The joint 
reference configuration at full extension is initially established under 
ligament prestrains and FQ forces. The tibia is subsequently flexed to 90° 
in presence of FQ preloads (3N for passive motion, 137N, or 411N). The 
loading is divided among quadriceps components based on their cross-
sectional areas [3] while the directions are derived from the Q-angle 
model [3] with the Q angle taken as 14°. Another boundary condition in 
which the femur is flexed to 90° is also considered for comparison. 
Three levels of mesh refinements are used.  
RESULTS  & DISCUSSIONS: 

At full extension and under a FQ=137N preload, the patella shifts 
laterally, translates proximally , and rotates/tilts medially (Fig. 1). During 
knee flexion, the patella translates laterally (5.5mm at 50°), posteriorly 
(42mm at 90°) and distally (37mm at 90°) as well as flexes (58° at 90°), 
rotates medially (16° at 90°) and tilts laterally (6° at 90°). The ACL 
Force substantially increases with the quadriceps force at full extension 
(Fig. 2) reaching 209N, 85N and 20N under FQ=411N, 137N and 3N, 
respectively. The ACL force, however, diminishes as the joint flexion 
increases (Fig. 2). The PCL force remains nil at flexions <49°, 63°, and 
70° while reaching 20N, 13N, and 7N at 90° under FQ=3N, 137N, and 
411N, respectively. The foregoing results are in good agreement with 
reported measurements [4]. The increase in the ACL force under larger 
quadriceps activations indicates a higher risk for the ACL (or its graft ) at 
smaller flexion angles in exercises that demand high quadriceps 
exertions alone without hamstrings. 

The joint resistant extensor moment significantly increases with 
greater FQ force but decreases with joint flexion angle (Fig. 3). The 
passive joint offers a small resistance <0.4 N-m. The knee extensor 
moment reaches 6.5N-m and 19.8N-m at ~10° diminishing to 1.8N-m 
and 5.0N-m at 90° flexion under FQ=137N and 411N, respectively. The 
total PF resultant contact force increases with the FQ reaching 138.5N 
and 415N at 90° flexion for FQ=137N and 411N, respectively. In 
contrast, TF contact forces decrease with joint flexion, with the lateral 
compartment (L) being subjected to a larger contact load than the medial 
one (M) (Fig. 4). In the boundary condition with the femur undergoing 
flexion rather than the tibia, the patella shift s laterally and translates 
posteriorly  and proximally. The patellar rotation/tilt , ligament forces, 
and PF/TF total resultant contact forces remain nearly unchanged.  
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