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Evolutionary simulation of the emergence of the
mechano-regulated endochondral healing process

The ability of tissues to adapt to the mechanical environment is a remarkable
feature of the skeleton. Several mechano-regulation theories have been proposed
for describing how the mechanical environment modulates mesenchymal stem cell
differentiation into bone, cartilage and fibrous tissue. Despite the biological com-
plexity of the process, these theories have often been able to predict osseous healing
through both membraneous and chondral healing, with reasonable success [1,2].

It is intriguing to wonder about the emergence of these healing processes, in par-
ticular the endochondral ossification process, in evolution and whether the ability
of mechano-regulation has been involved in the emergence of new healing processes
through natural selection. Early vertebrates, like cartilaginous fishes, could mod-
ulate their tissues to the mechanical environment and it is likely that evolution
worked with adapting the skeletal tissues to the local conditions rather than in-
volving major changes in cells or tissue types [3].

This study shows how the mechano-regulated endochondral ossification process
could have emerged in evolution by being favoured in natural selection. The com-
bination of a mechano-regulated tissue differentiation model [4] and a genetic algo-
rithm for simulating evolutionary change [5], used in this investigation, was further
able to capture inter-population variability in the mechano-regulated response and
arrived at results that are in agreement with experimental studies of mechano-
regulated differentiation and maintenance of bone [6,7].
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