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Finite element analysis on bio-mechanical behavior of composite bone plate for
healing femur fracture considering contact conditions

Suk-Hun Kim’, Seung-Hwan Chang”

ABSTRACT

In this paper, finite element analyses for estimating the behavior of fractured femur just after the operation
were carried out by using ABAQUS 6.71. A stainless steel bone plate and composite bone plates with various
stacking angles were considered to find out the effect of bone plate properties on bone fracture healing. In
order to simulate the actual state, contact conditions between the plate and bone and fractured bones were
imposed on the finite element models and the whole analysis was divided by two steps; screw fastening step
and load bearing step. The stress and strain distributions at the fracture site for the cases of the stainless steel
and composite bone plates were analyzed and compared with. From the analyses it was found that the
composite bone plate had potential advantages for effective bone fractures healing relieving stress shielding
effect.
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Table 1 Material properties of stainless steel, WSN3k and bones

Stainless Cortical
Property steel WSN3k bone Trabecular bone
, E: 70
Young’s
191 E, 70 18 1.061
modulus(GPa) E. 10
Poisson’s ratio 0.3 vz = VAl 033 0.225
=013

15 | All dimensions arc in mm

Fig. 1 Bone plate geometry[4-5].

Cortical Bone

Trabecular Bone

All dimensions are in mm

Fig. 2 Geometry of the simplified femur and screw.
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Fig. 7 Stress distribution in axial direction in bone plate; (a) Stainless
steel bone plate (b) Composite bone plate [+45].r
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Fig. 8 Average stress in bone plate and bone.
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Fig. 9 Stress distribution in axial direction in fracture site; (a) Stainless
steel bone plate (b) Composite bone plate [+45]qr.
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Fig. 11 Stress distribution in radial direction at the fracture site (a)
Stainless steel bone plate (b) Composite bone plate [+45]qr.
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Fig. 12 Contact process between the bone plate (a) Before contact
(b) After contact.

wpeby 23l o8] Azl Haww
A2 wgstel AEWAL SelA Hul, oju, Adeles
Ape tEze ZARt e Be A4S B DA
wet oElze] Wige] Adidom vt ety ww

AR} =S

Rt o

F



M23% # 18 2010. 2 Q%24 D YEE A SRR 2] AA o5ty A% BE fekasd 7

FnEA
gl A9ue quiEel Myl A 1age o e D AT, R ol2g o8k = A Hgel s iRt
o 71AE3] =23, A244, A2%, 2000, pp. 329-337.

- 2) 5T, A5, “TH RS % 2GR 14T 712
A W B Bk g astalA, 420, A5,
2007, pp. 7-12.

Keith Tayton, John Bradley, “How stiff should semi-

Perren[9]2] <15Lo) E}Et‘ﬂ

7(
AESYo] $24% HE 2919 e BAL A
A

of HERINA F7hAe 4

=

=

D PR L N o
=
=

¥ uebs EEARE ¢ rigid fixation of the human tibia be?” The journal of
3 Hgsh= AT o3t FEH 4T AHe FHgh Bone & Joint Surgery, Vol. 65-B, No. 3, 1983, pp.
2] AA QoA FastA wLesor sk Arolct 312-315.
4) K. Fujihara, “Performance study of braided carbon/PEEK
composite compression bone plates,” Biomaterials, Vol.
5. é 2 25, Issue 17, August 2004, pp. 3877-3885.

5) S. Veerabagu, K. Fujihara, G. R. Dasari, S. Ramakrishna,
7129 AgolglA TARS AUAA B AAoR st “Strain distribution analysis of braided composite bone
of oAl ZA AZo| BEAZ of7|3 & gtk B =Ro| plates,” Composites Science and Technology, Vol. 63,

A HozsiEsigmol AAATHYT TATO] HHHFAS Issues 3-4, February-March 2003, pp. 427-435.

6) A, “drielmo] gt wuiv)ze) 4%y dFAEA
355 =5], A|15d, A6, 2007. 11, pp. 62-72.
Dieter Christian Wirtz, Norbert Schiffers, “Critical evaluation

of known bone material properties to realize anisotropic

=

TS g mywe EaA AA2A L YA
B4 5 AANEE SAH BAstel %
H

Age weh gz 9dat s

7

-~

ol HEsh= dE Alwstalth a4 1Adws dedst FE-simulation of the proximal femur,” Journal of Biomechanics,
EQERE diAdlste] T4 59 a&AdS =olux A8 Vol. 33, Issue 10, October 2000, pp. 1325-1330.
3t A4S o]&ste] FEF WYyt $HS ALl 8) T. N. Gardner, T. Stoll, “The influence of mechanical

AT A AAE HEQ} o] AgolglA TATL S stimulus on the pattern of tissue differentiation in a long
Wﬁ%ol AstA WS AL sholslqint vl Balaa bone fracture - an FEM study,” Journal of Biomechanics,
2 AAE wATe mRu Aol vad Fold SHEm Vol. 33, Issue 4, April 2000, pp. 415-425.
= 7179 oF 2 9glt). o] b= (Callus) YA ZAsto] 9) Stephan M. Perren, “Evolution .of the Internal Fixati.0n
ge mudel A MRS 8 & 9o ojusih Eak A of Long Bone Fractures,” The journal of Bone & Joint

Surgery, Vol. 84-B, No. 8, 2002, pp. 1093-1110.
Helgla DS ZERLI7F opd A diEzo] At
A WESYL WY BYYR mTe Y T R
Roll we M WA uehd BE nyw
< 7129 s aggEYg 24 AR S T A
= weEt. B a7 v el 9 AAATHL 7
A= B3z 13w AAG Ao a3 JHEE AF
& 4 e Aoz sldEc Hoh FEE A L
W pzo TR|Hl Pt oy B4 U AR wE
sEx7e Yot wag Ao meEc
% 7]

o LR 20094 % Foyrhstm SATAATE A|Lo]



