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Tissue adaptation driven by chemo-mechanical coupling with
application to bone

Based on the current knowledge of bone remodelling process, a biochemical
model is proposed which describes the essential interactions that governs the whole
bone remodelling process. Further, the influence of mechanical stimulation on bone
tissue is well known. Considerations from non-equilibrium thermodynamics are
used to quantify this effect and moreover to stress the importance of dynamic char-
acter of the loading. Particularly, the question of what constitutes a mechanical
stimulation of biochemical reactions in general will be addressed and further to
compare the importance of the two possible mechanical stimulations: shear rate
and the rate of volume variation. Consequently, a modified form of the Law of
Mass Action is derived which includes also the mechano-chemical coupling and not
only the affinity of interaction based on the difference in chemical potentials. This
rather different approach from the classical ones can predict bone density distribu-
tion as will be shown on some examples including the effect of stem insertion or
osteoporosis.
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