qr| AT =83 AQ, A274 A 7%, pp. 1103~1109, 2003

B AEATHYS
we] A5 APZel B

2oty

1103

o] 43
AT

- *ok
57, A =
o — —

(20029 8¥ 229 H4,2003d 42 289 AHAIEE)
A Study of Adaptive Bone Remodeling by Cellular Automata Method
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Abstract

An adaptive bone remodeling is simulated by using the cellular automata (CA) method. It is assumed that bone
tissue consist of bone marrow, osteoclast, osteoblast cell or osteoprogenitor cell. Two types of local rule are adopted;
those are the metabolism rule and adaptive bone formation rule. The metabolism rule is based on the interactions of
cells and the bone formation rule is based on the adaptation against the mechanical stimulus. The history of load and
memory of mechanical stimulus are also considered in the local rules. As a result, the pattern of distribution of the bone
tissue is dynamically adequate and it is similar to intact cancellous bone.
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Table 1 Metabolism rule

Osteoprogenitor cell changes into
Activation |osteoclast when bone cells older than 18
time steps exist in the surroundings.

Bone cell which is older than 18 time
steps is absorbed and osteoclast emerges
Resorption |when more than one osteoclasts older
than 2 time steps exist in the
surroundings.

Osteoclast changes into osteoblast when
more than 4 bone cells exist in the
surroundings or when osteoblast older
than 8 time steps exists in the
surroundings.

Reversal

Osteoblast older than 8 time steps

Formation -
changes into bone cell.

Osteoblast disappears and

osteoprogenitor cell emerges when bone

marrows exist in the surroundings.
Bone marrow changes into
osteoprogenitor cell when bone cells
exist in the surroundings.

Quiescence

Table 2 Special rule for simulation stability
Osteoprogenitor cell or osteoblast changes into bone
marrow when no bone cells exist in the surroundings.
Osteoprogenitor cell, osteoclast, osteoblast or bone
marrow changes into bone cell when 8 bone cells exist
in the surroundings.
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Fig. 1 Adaptive bone formation rule
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(a) in case of one-legged stance

(b) in case of hip abduction
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(c) in case of hip adduction

Fig. 3 Three types of load pattern

(al) after 4 iterations

(a2) after 10 iterations

0 400

(a3) after 20 iterations

Fig. 4(a) Bone density distributions in case of one-legged stance
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(b1) after 4 iterations

(b2) after 10 iterations

(b3) after 20 iterations

Fig. 4(b) Bone density distributions in case of hip abduction

(c2) after 10 iterations

(c1) after 4 iterations

0 400

(c3) after 20 iterations

Fig. 4(c) Bone density distributions in case of hip adduction
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(a) after 4 iterations

(b) after 10 iterations
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Fig. 5 Bone density distributions in case of multiple motion
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