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Finite element analysis of callus generation in fractured bones according to the strain
distribution

Suk-Hun Kim', Myong-Gil Park’, Song-Tao An’, Sung-Kyum Cho’, Seung-Hwan Chang**+

ABSTRACT

In this paper, finite element analyses were used to estimate the strain distribution at the fracture site of a
tibia bone. A stainless steel bone plate and various composite bone plates were considered to find out the best
conditions for callus generation while bone fracture was cured for 16 weeks. Through this research, the
appropriate load condition which makes the strains between the appropriate range(2~10%) was sought. From
this analysis, it was found that lower level of external load is needed for the appropriate strain for the case of
composite bone plate application and it was also found that the composite bone plate had potential advantages
for effective bone fracture healing relieved stress shielding effect.
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Material properties of stainless steel and WSN3k

Table 1
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Table 2 Material properties of bones
Property Cortical bone Trabecular bone
N Ep=18,400
Young;[;:;vdulus Fy=7,000 E=1.061
¢ E;=8,500
vi=0.12
Poisson’s ratio v, 37 v, 225
Via® 0.14
Table 3 Material properties of Callus
Times Property (MPa)
0 Weeks 6.00 (Empty)
After 4 weeks 0.19
After 8 weeks 28.00
After 12 weeks 30.60
After 16 weeks 75.00
45" All dimensions in mm 3 2 AA A
Fig. 2 Bone plate geometry and screws.
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Fig. 3 Geometry of the simplified tibia.

HoRIEZo BAAAE AABidck 28 M § o] 4

Hi 7hge) 85 Al 72 BRY 5 Qlou3] B =&

e AR 24 Abolof YA ZA] 7FZ(Central callus)st
b

SAT AE T AT Aol we} uials F4

A
aQ

7hEel 4% Gardner[3)8] =E-& #mstol Table 33
t

ol

Sofstgdnt. AR 2 Aws|7el wheh g S4o] A Tﬁ%
o wel ol 2R B ARt WEE e s
OEES M A ST A5 Hofsle ag nek m.,

A7)0, 4, 8, 12, 1653pelA 7hakel 714
Fo 248 A Aol

td
TR
(10ram) 8 41¢] GRS Folaal dtgct

Bone Platc(6418)

Screw(380)

Gap(752)
Tibia(17864)

Fig. 4 Mesh generation.



32 FARS AR - B E S =

HEE MBS E R

Friction coefficient is 0.4

Fig. 5 Contact condition between a bone plate and a tibia,

Fig. 6 Load condition for screws.
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Initial gap
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Fig. 7 Gap configuration.
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Fig. 8 Gap displacement ratio at the fracture site; (a) 0 Weeks (b)
After 4 weeks  (c) After 8 weeks; (d) After 12 weeks; (e)

After 16 weeks
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Table 4 Load condition for generation of 2~10% gap displacement ratio

(100%~=70kg)
Heali .
CaME | Stainless steel | WSN3k [£15];r | WSN3K [£4S]ur
period
0 Weeks 25% 10% 5%
After 4 25% 10% 5%
weeks
Table 5 Load condition after 8 weeks (100%=70kg)
Healing - <
; Stainless steel | WSN3k [+£15]ar WSN3k [+45],r
period
After § 200% 200% 200%
weeks
After 12
200% 200% 200%
Weeks 200% 00% 00%
After 16 200% 200% 200%
weeks

Fig. 9 Stress at the fracture

site after 8weeks.
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Table 6 Average stress at the fracture site after 8weeks (MPa, Von-Mises ko3 7]
stress) s
Heang [ g e | WSNBK WSN3k o =EL 2009WE FYTYIL $4ATA AT Xl
period [£15]sr [£45]ar o
ofgt A9,
8 weeks 1.866 1.889 1.938
12 weeks 1.861 1.897 1.934
16 weeks 1.809 1.850 1.887
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