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Formulation of a Mathematical Model for
Mechanical Bone Remodeling Process
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This paper is concerned with the formulation of a mathematical model to describe mechanical
bone remodeling process. Firstly, mechanical stimulus is defined as a function of the rate-of-
deformation power per unit mass. Physiological signal transmission processes of remodeling from
the mechanical stimulus to change of bone density are described by n+1 sequential evolution
equations with #+1 macroscopic internal state variables. The evolution equations are established
on the basis of the experimental results in a literature. The value of the internal variable in the last
step specifies the balance level of bone density, which is the target of the current bone density. The
comparison of the predicted results with the corresponding experimental ones shows that this model
can quantitatively describe a time-dependent process of bone remodeling.
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Table 1 Effects of mechanical factors on bone
response

Factor Response of Bone

Effects of No Load * Bone Resorption™"*?

Effects of Static + No bone mass change after growth period™”

Load

+ Bone remodeling"®

* Bone resorption under static load, bone formation

Difference between R A
under dynamic load"®

Dynamic and

Static Load - Dynamic load is more effective than static load"®
+ Maintained under a few cycles / day,
saturated under the loading more than certain
Effects of Cycles e

ber of cycles
and Frequency Humber o oye

+ Change in frequency of bending affects bone
formation”

Effects of Overload + Bone resorption around micro crack"®
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Fig.2 Comparison of simulation results with experi-
mental results"® (n=8, £=2)

EBh, BAEFROBEEEOET, MEEHS4EO &
& D BEEMER, HEE BN % & BRI
3 2 {ER, FEES oI R U BB oINS RaF
TRMEAE, IZFEARL TR I EBbn b,

32 FIBEEBRENOERY n DEMKE  3-145
DY Ealv—yvaryTRUBEEBBORE » %8
&L, RETFNVEERERENCGHADS S, 5E
BEZ2ELT22DIB/NE R n 2l IESNE
FThsb, 22T, n=2,4,6,8 10 DHEHIONVT, 1
H¥Y7: D oflEE% 1800EE LTy I abr—vs
VEERL, IEEOEL ZRE L.

# n DEITT 5 FVOMEERE, »FEi=],
o) A E 2 EE—OEERAL, £ RIEEE
EHOPHME RF0) & RH(0) b, i RF(0) & R
12 30.67 & UZz, #EEES »F BEEELORS &Y
HOBRSWHERSZ2EHTHD, rF DREWVE
CHEFMER, R BT 2 bicE kb, —F
FIBURERTE OB n OEVPKE %5 L, RRER
PR RS, Lo, B »F & n 3HEICEE
LTBY, n 2KEL oGS, REROBRER
EEUCIT 272D EHKEETOER »* OE% LMK
Bc K& T 208D 5, i, KFFEO BRI,
AERENC Y F 208 5 TR 2 WHBEEERD

Table 3 Material constants of 7

r;:r;:OAl ' (n=2)

K=r=r=r=02 (n=4)

K=n=r=r=r=r=03 (n=6)

RER =R =g === =y =04 (n=8)

K=n=n=n=rK=r=r=5=f=r=05 (1=10)
1.5 k=2, 1800cycles

........

— N=2
sresarens N=4
3'] - 3 S PP n=6
b ---n=8
c e =1
8 ~@~ Experimental
01.3
=
[e]
m
L]
21.2
it
Q
o

—_
—_

1.0¢

0 10 20 30 40 50
Time (Day)

Fig.3 Effects of the value # on remodeling process
(k=2,1800 cycles)
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Fig.5 Evaluation of history effects of stimuli
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Fig.6 Evaluation of Eq.(14) (=2, k=2)
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