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Simulation of Bone Fracture Healing by the Complex System Rule

Byung Young Moon” and Jung Hong Park’

ABSTRACT

The bone fracture healing is simulated by using one of the complex system rules, named cellular automata method. It
is assumed that each cell has property of Bone, Cartilage or Fibrous connective tissue. Nine local rules are adopted to
change the property of each cell against the mechanical stimulus, which consists of the strain energy density, and the
existence of bone in the surroundings. Two dimensional sheep metatarsal model is considered and the bone fracture
healing is simulated. The simulation results agree well with those obtained by using fuzzy logic model and experimental
data. The cellular automata method found to be one of the simulation methods to express the bone fracture healing. The
cellular automata method is expected to be effective in representing biological phenomenon.
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Table 1 Local rules of bone healing

Rate
Phenomenon Local rule (%/
days)
“Conn.Tissue” changes to “Bone”
Intramem- .
when the stimulus belongs to
braneous . . " i
. . “high” and there are some “Bone
ossification . .
cells in the surroundings.
“Conn.Tissue” changes to
Chondro- “Cartilage” when the stimulus 5
genesis belongs to “high” and there are no
“Bone” cells in the surroundings.
“Cartilage” changes to “Bone”
Chondral when the stimulus belongs to 5
ossification | “high” and there are some “Bone”
cells in the surroundings.
“Cartilage” changes to
Atrophy of ) .
. “Conn.Tissue” when the stimulus 8
cartilage
belongs to “low”.
. “Cartilage” changes to
Destruction ) .
. “Conn.Tissue” when the stimulus 4
of cartilage o
belongs to “pathologic”.
“Bone” changes to “Conn.Tissue”
Atrophy of !
when the stimulus belongs to 20
bone
“low”.
. “Bone” changes to “Conn.Tissue”
Destruction )
when the stimulus belongs to 10
of bone .,
“pathologic”.
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Fig. 1 Sheep metatarsal with external Fixation
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