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Introduction 
   The load response of a knee joint is determined by 
multiple contacts between cartilage layers and between 
cartilage and meniscus. These soft tissues consist of 
collagen fibers, proteoglycan matrix and a fluid. Accurate 
contact geometries have been used in the finite element 
modeling of the knees [1, 2]. However, the influences of 
fluid flow and site-specific collagen orientations have not 
been reported in computer knee modeling. The objective 
of this study was to conduct a nonlinear analysis for 
determining the influence of collagen network on the 
deformation and fluid flow in the knee cartilages using 
the real joint geometry, true tissue thickness variations 
and actual fiber orientations. 
 
Methods 
   The solid model was generated from the MRI data of 
a healthy male. The finite element model (Fig. 1) 
consisted of 7 segments，including tibia, femur, two 
menisci and three articular cartilages. The thickness 
variations of meniscus (Fig. 1 right) and articular 
cartilages (Fig. 2) were also determined from the MRI 
data (maximum thickness of meniscus 6.6mm; cartilages 
thickness 1.5-2.3mm). We began with simple 
compressions of the knee. Therefore, the patellar and 
ligaments were not included in the current configuration. 
   The interactions among the tissue layers were defined 
as contact surfaces, which allow frictionless small sliding. 
The ABAQUS automated surface-to-surface contact 
option was used. The soft tissues and bones were meshed 
independently, and cartilages were attached to the bones 
using the TIE option in ABAQUS. 
   The cartilages were meshed by C3D20P elements. 
The whole model contains a total of 88,096 elements. 
Because of their greater stiffness as compared with other 
tissues, the bones were considered as linearly elastic. The 
meniscus and cartilages were modeled as fiber-reinforced 
fluid-saturated materials [3] to simulate their multiphase, 
inhomogeneous, anisotropic and nonlinear material 
properties. Collagen fibers in meniscus were aligned in 
radial and circumferential directions, while fiber 
orientations in articular cartilage were assumed to follow 
the split-line pattern. A user defined material model was 
incorporated in ABAQUS to define the multiple 
properties of the collagen network in the cartilaginous 
tissues [3]. 
 
Results and Discussion 
   A relaxation loading protocol was used.  A 
compression of 50μm was applied in 1s on the top of the 
meshed distal femur while the bottom of the meshed tibia 
was fixed. 

   The surface displacement of the cartilages exhibited a 
complex pattern that was not only determined by the 
surface and boundary geometries, but also by the collagen 
network (not shown). This pattern was time-dependent in 
nature. The complex displacement pattern may also be 
associated with the complicated shearing patterns in the 
cartilage, a consequence of the complex contact geometry 
and site-specific fiber orientations. 
   The fluid flow in some locations did not take the 
shortest way to dissipate (not shown). This was probably 
because the fiber reinforcement was site and direction 
dependent, producing anisotropic pressure gradients. 
   The preliminary results indicated that the collagen 
network changed the patterns and magnitudes of tissue 
deformation and fluid flow in the knee cartilage. The 
site-specific collagen orientation may play an important 
role of improving the joint load bearing. The current case 
was limited to small deformation and small intra-articular 
sliding to avoid difficulties in obtaining numerical 
solutions. We are currently working on refining the 
meshes and the numerical results. In particular, we need 
to improve the results of the surface fluid pressure. 
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Fig. 1  Finite element model of the right knee.  
The menisci were also shown on the right. 
 

    
Fig. 2  Femoral and tibial cartilages in the finite 
element model.  4 layers of elements were 
actually meshed in the thickness direction. 


