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Fracture Healing Simulation Considering Blood Supply and Mechanics Conditions

WANG Mo-Nan'

Abstract
simulate and predict the complex regenerative repair process for tissue. For mechanics condition of fracture fixation and

A fracture healing model considering mechanical environment and blood supply conditions is proposed to

biological factors, a dynamic spatio-temporal model is developed to simulate the complex interactions of mechanical sta-
bility, revascularization and tissue differentiation in secondary fracture healing. Unlike previous study, a three-dimensional
finite element model is established. The blood perfusion regarded as a spatio-temporal state variable is included into the
model to simulate the revascularization process. With finite element method and fuzzy logic, the dynamic model can
describe the callus mechanics and biological processes of tissue differentiation. The callus healing process is simulated in
Visual Studio 2012 by forward Euler integration method over equidistant time steps iterative loop. Finally, the model
predicates the course of interfragmentary movement of two groups with a different axial stability. Through the comparison
with the experiment data, it turned out that the simulation result distributed within the scope of the average deviation
of the experimental data, which corresponds well to the experiment curve trend and value. The agreement of simulation
results with experiment results verifies the accuracy of the fracture healing model and the advantage of the simulating
healing process.
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Table 1  Material properties of tissue types
ML R (MPa) TARA L

B 10000 0.36

mMH 4000 0.36
LFUERCE 200 0.45
PR 3 0.30

4D R 2, 15
0deTFe = 6d° / BTedV =
Ve

5d°T / BTDBd*dV (3)
V€

Hr, Fe @AEMAER T EMSERC R ). iT 5
PR R LIRS 0d° JRAT R, PAILAS 3 -7 i

F* = K°d° (4)

o, K FROYER TR R

TE L DY TR AR A FRIC T iR b, SRV 5
R B 0 U e VA 45 A RO R 5K
R X T n BreethoriRdl Az = b BRUE L
A EIAEMERIE. AR B AR, ARy
R AR Ll IEHERE FEIAA LU I3 A2 2 R 5
ERZRE, BE R LU AT K.

TEA FRICR AR o, RIS eR AT A
FRICH RER) KA, #£ void Deal::GetShift(-) Hitfr
P ZRIUALAS, WS pR o0 1 o

1) bool CMathEasyFun::lu(double *a, int
*pivot, int n) //LU 43§

2) bool CMathEasyFun::guass(double const
*lu, int const *p, double *b, int n) //fh LU 43
TN R R A

1.3 EIEERAS U NIF R

/\I:':|7
Eg = é(ﬁl + &9+ 63) (6)
Yo i= 12\/(51 —e2)2+ (61 — €3)% + (62 — €3)

X (6) I RAS S — AR F R AE, R
NI AR, ERBRIRAE. €1, 62, &3 REM
A, 3 (T) S R i 5K R s B AR IV A, RFRTEAR
A
14 SMEERNFIRE

%ﬁﬁéﬁﬂ%ﬁ*ﬁ%%%%@ﬁ%mlw?
4 Claes SEHEAT 148 37 1) B A B i Ao 6 37 7
I ST EPIXITB/J wE 1 Prs.

e ’
HH
: 20 N/mm

R ’FT f“
4 600 N/mm

5004
4001
2 3001
200]

1004

% 02 04 06 08 1 12 14
7% /mm
B 1 ANEE SRS B 1547 R
Fig.1 Structure of external fixator and

mechanical behavior
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Fig.2 Force-displacement curve of the fracture

healing system
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Table 2 The fuzzy rules of the fracture healing
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