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Orthopaedic Biomechanics

Osteocyte-regulated turnover
of acellular calcified cartilage
Cox, L.G.E., van Rietbergen, B., van Donkelaar, C.C.,
Huiskes, R., Ito, K.

Introduction

Results

Long bones grow through cartilage expansion. This
cartilage is resorbed by osteoclasts and new bone is
formed by osteoblasts (Fig 1).

Model
In a piece of bone with a growth plate on top, calcified
cartilage is resorbed and new bone is formed at the bonecartilage interface (Fig. 3).
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Fig. 3: Bone and cartilage remodelling in bone with a growth plate.

Fig. 1: Bone growth and subsequent calcified cartilage turnover.

When bone growth is simulated by incrementally adding
rows of calcified cartilage, some parts of calcified cartilage
are resorbed early, while other parts persist at larger
distance from the growth plate (Fig. 4).

In mature bone remodelling, osteoblast and osteoclast
activity is regulated by mechanosensing osteocytes. In
cartilage turnover, osteoblast and osteoclast activity is
probably also controlled, but remarkably, calcified cartilage
does not contain cells. This raises the question: how is
calcified cartilage turnover regulated?
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Fig. 4: Bone and cartilage remodelling in growing bone.

Hypothesis: Calcified cartilage turnover is regulated by
osteocytes at the bone-cartilage interface.

Methods
Model
We investigated our hypothesis with an earlier developed
theory that describes the metabolic processes in bone as a
result of tissue loading sensed by osteocytes (Fig. 2) [1,2].

Histology
Calcified cartilage is present at the bone-growth plate
interface, but also at larger distance from the growth plate
(Fig. 5), which is in agreement with the simulations.
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Fig. 5: Rat tibia with bone tissue in green and calcified cartilage in red.
Formation

Fig. 2: Left: Bone remodelling of a single trabecula. Right: Schematic
representation of the mathematical model [1].

Conclusion
The previously developed theory for osteocyte-regulated
bone remodelling can also explain the replacement of
acellular calcified cartilage with bone tissue.
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