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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.

&l A ah= 3 A
AA AR RS THIE AS ¥ 5 At
Key Words : B3| & 1% 3HComposite bone plate), 72 (Tibia), 53+ 434 (Finite element analysis), 3 S (Strain)
1. A2 I FEsHL Q= AEY & dWE Aol ot ¥ A= A
a7h w4 ok ol BEARC B #HH fsol
g7Folm(Tibia)= ZAzoletie Eeu AA9 k52 A o, o]=dh a2 YA fslixe o] AT JF=
Hog Aesh= W F SR vlaz 7] FHo] WSk = AL dslstd FAZy AT FEHEEE H55H
wojolth. NbHoR JBR BREHL ABW 22 wel Y fEstelol Gk ojn] HAYRS] SHL olgdtel WA AF
o WASYS w, Aelels 7 wYBE Bl Yol B PA BAYES Iusp] 5 HAARES HET nRWY
floll ddii 2372 Fdste] 1A= ARTHEE AT T7b 3E vk QUH1]. EZE Perren[2]9] Aol ofsf &4

kil A bl
gioh ey A QA uATS =0 g or osle] 28 T Alo]o] HFFo| sl AAlo & PFS F= AoR
o & AK(Stress shielding effect)S G5}, o] wjio el W

ox ML ]
flo 2k

* Zopfata | A
20,
(<]

ot Zoftfstu 7] AlBsHE, W AIARHE-mail:phigs4@cau.ac.kr)



\ Trabecular Bone
Cortical Bone

orma} uhgEo] Az o

30 ANE -9y - EE - 247 - FED LA e 2k
Fste] 7P F& 2E FEES HAtka dHA Sk & 3. 237 Ay
AT Aole TREE & A$RE AAs] B4l sk
B3| 224 5 425E 8279 Y7t 7PE w|gHon B B AFolas ARl SsiA] selEe] A= ¥A
As|Eo] o]so]ATH3]. o] 7|zto] ZAs|Ee| s =aer W AFAFAIE T JTLR AL B e dAAR
A7lolu], ol 9bA olFe AR WHEe] 2 gy w  OIFA HTAHR(WSNIK SK Chemical)S g3t el =
A Bk BAR ST Aolo MYES TyWe) Byz 3 SOAUT Table 1o B "AAFCIRA =ej=dad
A Bol & WFoR AL Sl s Tepnd & = WNSKS 2 W S4E vEids. ASeAed oE 4
Roli 2l s 7 nATY 7] o2 BAe e TR SAAS Asl fRtedsdids sk
Balga nAT diste] A 2o HEBS Woln s WSN3k HeiAm nwre] e A ApAIilE st
2702 A, A7) hE 2ar B4 weke mejst O A [FlShn [45]re] HSeAzh aeEdd. 59
o] oataas|ae AAEAT:. sAols AMe Setaxss [FSlre] ASEAME THAe A9 BE9 del ¥d =4
=z g@ol ABAQUS 6.70] AME Elolom, sexmng 16 MR FEo FA(18GPa)E 7
FAAE 5DA0F, 45, 8%, 127, 165)2 o] 4 oA
o] TAE WMHAET 515o] U3t AL AlAFATH Table 1 Material properties of stainless steel and WSN3k
Property Stainless steel WSN3k
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Fig. 1 Geometric information of tibias.
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Fig. 2 Bone plate geometry and screws.
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Fig. 3 Geometry of the simplified tibia.
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Table 2 Material properties of bones

Property Cortical bone Trabecular bone
y E;=18,400
Y°“"9(,\S/|F[21;’d”'“5 E»=7,000 E=1,061
E5=8,500
V12=0.12
Poisson’s ratio v23=0.37 v=0.225
V13=0.14

Table 3 Material properties of Callus

Times Property (MPa)

0 Weeks 0.00 (Empty)
After 4 weeks 0.19
After 8 weeks 28.00
After 12 weeks 30.60
After 16 weeks 75.00
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Fig. 8 Gap displacement ratio at the fracture site; (@) 0 Weeks (b)
After 4 weeks (c) After 8 weeks; (d) After 12 weeks; (e)
After 16 weeks

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

(100%=70kg)
Healin .

perio dg Stainless steel | WSN3K [£15]r | WSN3K [£45]ar
0 Weeks 25% 10% 5%
After 4 25% 10% 5%
weeks

Table 5 Load condition after 8 weeks (100%6=70kg)

Healing | sesinless steel | WSN3K [£15]r | WSNSK [£45)r
period

After 8 200% 200% 200%
weeks

After 12 o o o
Weeks 200% 200% 200%

After 16 200% 200% 200%
weeks
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Fig. 9 Stress at the fracture site after 8weeks.
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