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Introduction
Chondrocytes are surrounded by a pericellular and territorial 
matrix (Fig. 1), which together with the chondrocyte form a 
chondron. Together, the pericellular and territorial matrix 
are thought to protect the cells from external loads. During 
OA, their properties and structure change. These changes 
may play a mechanobiological role in cartilage 
degeneration, but in order to understand this, it must first 
be known how chondrons are formed and maintained.

Fig 1: SEM images of chondrons. The woven tail at the basal 
side is indicated by the white arrow, and the woven 
structure between cells by white stars [1].

Driessen et al. developed an adaptive collagen remodeling 
algorithm with which they could exhibit that the collagen 
structure in heart valves and bloodvessels are consistent 
with the load-induced matrix strain distribution [2,3].  The 
goal of this study is to verify if the remodeling algorithm of 
Driesen et al. can predict the collagen structure in a 
chondron.

Material and methods
Collagen fibrils are assumed to align with a preferred fibril 
direction, i.e. determined by the positive principal strain 
directions [2,3] (Fig. 2A).  

Fig 2: A) The preferred fibril direction lies between the 
positive principal strain directions and, B) Rotation of the 
fibril direction to the preferred fiber direction . 

Collagen fibrils are assumed to reorient towards this 
preferred fibril direction at a rate, dθ=κα, where α is the 
angle between the current fibril direction and the preferred 
fibril direction, and κ is a positive constant that determines 
the maximal amount of rotation per increment (Fig. 2B). After 
updating the fibril direction the new strains in the tissue are 
computed and the new preferred fibril direction is 
determined. This process is repeated till homeostasis is 
achieved. This remodeling algorithm was implemented in 
our fibril-reinforced swelling model [4].

A cluster of 2 chondrocytes in the deep zone of articular
cartilage was modeled (Fig. 3). Two initial fibril directions 
were included, with an angle of 45  and -45 degrees with 
the horizontal axis, respectively. The edges of the model 
were confined in horizontal direction and the bottom plane 
in vertical direction. Apart from its internal swelling 
pressure the model was loaded with an external pressure of 
0.3 MPa. 

Results
Regardless of the initial orientation of the collagen fibrils, 
the homeostatic orientation was the same. In the inter-
territorial matrix, outside the chondron, the collagen fibrils 
were all aligned in the radial direction (Fig. 4), which 
corresponds with morphological observations [5]. Close to 
the cell, the fibrils were oriented along the edge of the cell, 
forming a capsule around the cell. Above and below the 
cell, a more random structure was seen, which resembles 
the tail-structure characteristic for a chondron [1]. Also 
between the cells a random structure was seen, which 
corresponds to the woven structure in Fig. 1. 

Figure 4: Predicted collagen structure (rotated 90 degrees, 
clockwise).

Conclusions
The collagen remodeling algorithm as proposed by 
Driessen et al. [2,3] was generally consistent with the 
collagen structure in and around a chondron. 

Acknowledgement
This project was supported by a grant from the AO 
Foundation, Switzerland.

References:
[1] Kääb et al., Cells Tissues Organs (2003) [2] Driessen et 
al., J Biomech Eng (2005) [3] Driessen et al., J Theor Biol, 
(2004) [4] Wilson et al., J Biomech, 38:1195-1204, (2005) 
[5] Clark, J Orthop Res, 9:246-257 (1991) 

Mechanical regulation of the chondron collagen fiber network 
structure

W. Wilson, N.J.B. Driessen, C.C. van Donkelaar, K. Ito 
Biomechanics & Tissue Engineering, Bone and Orthopedic Biomechanics

e1

→

α dθ

ep

→

ef

→

ep

→

A B

ef,new

→

e2

→

Fig 3: Schematic representation of 
two paired chondrocytes and the 
surrounding extra-cellular matrix 
(ECM), together with the used 
boundary conditions. Due to 
symmetry, only the shaded part 
was modeled.
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