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1] 4 = (cortical bone)®] 15 GPa2l Young's
modulus?t 0.32] Poisson's ratios 7HF = 32 Rdl2 48]
t}. 2 W H= oAk (cancellous bone)o] A Qlon], AFE-S
76 GPa2] Young's modulus?} 0.32] Poisson's ratios 7t} 1]
1 ¥+ 5989 (isotropic) 7t w53 (homogeneous) A 2 71 5]

M Force: 10.N
Components: 0,0, ~10. N

0.000 0.040 0.080 (m)
0.020 0.060

Figure 1. The basic fracture model with a metal plate fixation.

Table 1. Description of the Plates

Description

HAG - olg- 2] 291

=Hd (perfect elastic) €43 (perfect plastic)?] BHd
_ﬁ_g].g__/,\_ 3H/\4_0_ Z] 31431.0:11;].9) ZApEL wo] 71|
2191 HHo] ZTHHS 7Y o] &
o] g&of o8l Y H FEjE A

&L Titanium A E Young's modulus= 96 GPao| 0
Poisson's ratio= 0.36°]t}."” Z o] 80 mm®]] 12 mm 7H2 0.2 6712]

22 70 4] R & S7H(A, B, C, D, ER)E AkE 9l
oh AR 71EY 02N Aalzgol 1, Thed| ol FAE T

2|3t BY 3 CE 9 7kt F-22] vl gejet DY EFo=
Lol Al A5kt CAD 2 729] SHA| 2 Q18] 024% o]
Qxfo] RulE 72| & 5HHA 7|2 o] 7 & Rt H s
SHH THTable 1).

of7]oll= A& 2 mm, Zo] 25 mmo| YAREE o|-&sto] 24
5 AR FYU Hx|of] nPAIF T

.’\3

A M (finite element analysis, FEA)

43t a 4 A (FEA)= ANSYS Workbench ver. 12.1 (ANSYS
Inc., Canonsburg, PA, USA)S AF&31 0.0 3D #|2] A Zrd-e
SolidWorks 2010 (Dassault Systemes, Vélizy—Villacoublay, Tle-de—
France, France)-& ARS8l A1 AR5ttt 3% 22
£ & ZHol disfl 10 N9

=
x H]—ol:) __'_H

sk

x
4 FY0E

Height (mm)

A / Straight (normal) 2

B / Thicker in the middle 2.386
C / Thickest in the middle 2.66
D / Wider in the middle 2

E / Widest in the middle 2

Middle .

. : : Volume (mm®)
Width (mm) Height (mm)  Width (mm)

10.472 2 10.472 1,698.02
10.472 1.503 10.472 1,693.93
10.472 0.966 10.472 1,695.74
11.414 2 6.98 1,696.78
13.753 2 3.49 1,698.04
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2 g mofol e

“12]3L 1 Nm®] torques £25 THE € F-20] 501 5 6717
o35k 2ARE, 4=, A - 7 - ¢ v, F= wadl
CHFig. 1.

o5 Fejo] wetA 58 Z2xok A 5

& (deformation)S E35) A2 v| sttt

2 3

O1%t Sl=(tensile load)

o) S22 A 229 MPa, BE 194 MPa, C& 16.8 MPa, DJ 19
MPa, E¥ 14.5 MPa& Ao 7F = THTable 2). o HEP-2>
AZ 0.184 mm, BE 0.134 mm, C& 0.107 mm, D 0.136 mm, EZ
0104 mm=Z Ag o] 7P o] HIEEH U1, EFo] 7P AA ¥
= $lch(Table 3). 7P A2 EFS 7|02 ZF PEfol o2 F|of

(stress) ¥ Z|f

—y

N

W2 AF 0] 177%, BEo| 129%, CB o] 103%, D@ o] 131%= &
2 ztolE Ho Qi) % shgo] HakE f 2|of -S-2o] He]
= F22 7 FejoA mF ZE Ao 7P 7k LAke] & &
Holu, 2|t WP FHARE 7P ZHTE LEAF Abojof A
Bk

2. &= SI=(compressive load)

| 222 AT 792 KPa, BE 712 KPa, C& 722 KPa, D& 683

KPa, E¥ 698 KPaZ A0l 7P £ 3-THTable 2). o HZ& A

@ 1.04x10° mm, BE 1.05%10° mm, C& 1.06x10° mm, D&
1.05%10° mm, E¥ 106%10° mm& C&¥3} E&o] 7} wro] v
PRI, Ago] 7H A A HEF A chTable 3). HA T AL &

Table 2. Maximum Stresses [KPa] in the Plates

S HE

wgol © AW /1 B WEE 52l C EF Aol
W Aol 1922 71 ol T4 plosfeka & 4 glek
4% 3ol 312 o 2| §o] Hek 82 1% 45l
Aok oRIH R w24 419] 713 7P thife] 5 Sl
Agton], 21t HRe FUAANE 7 T L Afolof]

{1

II

Y Yo s 4 9o of

¥ 215 MPa, BE 184 MPa, C&
& 179 MPa, E& 143 MPa& A@o] 74 =tHTable
2. ZM HE-S AF 1.97 mm, BE 147 mm, CF 1.21 mm, DF 1.51
mm, EZ 123 mm& AFo| 7P wo] "= $Ith(Table 3). Z|th
S2o] deje B2 7 PN 5% 24 Ao 7P 7k
UALe] & Bitoln], o §i1g2 FHoA e 7P 288y
ATHA] ol A B S ThHFig. 2).

S oA 2l S22 AY 24.8 MPa, BE 24.2 MPa, C3
24.2 MPa, DE 24.5 MPa, E@ 244 MPa& A®o| 7Fg %4 tHTable
2). Zt g2 AF 0241 mm, BE 0.239 mm, C& 0.238 mm, DF
0.240 mm, E¥ 0240 mm2 Ag o] 7 gho] W& & QI Tth(Table 3).
4tH go| del= P23 X ¥EE Hols R Ay w
ATk
= w3ollA 2o -3 A% 843 MPa, BE 79 MPa, C3
732 MPa, DE 71.8 MPa, E@ 71.1 MPa& A®o| 7Fg % tHTable
2). 2t HE-S AF 0504 mm, BE 0460 mm, CF 0437 mm, DF

pds

ool
_\;

=3
=} oo
(o] han IR

Tension 22.9x10° 19.4x10° 16.8x10° 19x10° 14.5x10°
Compression 792 712 722 683 698
Anterior bending (+y) 215x10° 184x10° 160x10° 179x10° 143x10°
Posterior bendng () 24.8x10° 24.2x10° 24.2x10° 24.5x10° 24.4x10°
Lateral bending (+X) 84.3x10° 79x10° 73.2x10° 71.8x10° 71.1x10°
Torsion 640x10° 599x10° 565x10° 594x10° 565x10°
Table 3. Maximum Deformations [mm] in the Plates
Type A Type B Type C Type D Type E

Tension 0.184 0.134 0.107 0.136 0.104
Compression 1.04x107° 1.05x107 1.06x107 1.05x107° 1.06x107°
Anterior bending (+y) 1.97 1.47 1.21 1.52 1.23
Posterior bendng (-y) 0.241 0.239 0.238 0.240 0.240
Lateral bending (+x) 0.504 0.460 0.437 0.450 0.412
Torsion 0.785 0.652 0.591 0.676 0.672
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wz] - A -

0450 mm, EZ 0412 mm= Ag o] 7P wol W& = SItHTable 3).
=]

i 5o dels P2 Y ¥de Bole FE2 A% w

0.070 (m)
— —

0.018 0.053

o

1.4267e8 max
1.2682e8
1.1097e8
9.5114e7
7.9262e7
6.3409e7
4.7557e7
3.1705e7
1.5853e7
432.38 min

0.000 0.040 0.080 (m)
[ — S
0.020 0.060

0.0012303 max
[ 00010936
[ 0:00085687
0.00082018 —
= 0.00068348 -
0.00054678
u 0.00041009
.1 0.00027339
bl 0.0001367
0 min

0.000 0.040
0.020 0.060

0.080 (m) 1%@
Figure 2. Stress and deformation distribution for anterior bending. (A)
Load type: bending by +y directional force 10 N. (B) Stress distribution
(unit: Pa). (C) Deformation distribution (unit: mm).

A .
—&— Tension
--=- Compression
--a- Anterior bending
. --X-= Posterior bending
. -*- Lateral bending
—___ -—— Torsion
6.00 - Tt
——-e
5.00 -
‘T 4.00 1
=)
. 3.00
2.00 - . S —
__________________________ A
1.00 - T
0.00 s ' ¥ ' : '
A B c

3 sl L2 u Ao & FEo | Nm9 torqueE & 3|4
g & Aoz b koo vls dAlH oz g5 A=
S22 2 Holgich 314 5150l o 522 AT 640 MPa,
BE 559 MPa, CE 565 MPa, D@ 594 MPa, EE 565 MPa& A 0]
7F = tHTable 2). 2|t -2 A¥ 0.785 mm, BE 0.652 mm,
C% 0590 mm, DY 0.676 mm, EQ 0.672 mmZ AF o] 7P To]
HP = QA THTable 3). 2|t S-2lo] A= F-23t 2t ¥gS &
Ol F-2-2 oA thE sk 2t
FPH oz Foumol At o] e o) $2L vjms) &
AT} YEol ML 7 e 2 g2 % /P He 2o Wy
o] TR HY FYoINE 71 2 Arh S 7 gL =
o WL 2 5 ATHFi 3, 4. 3 FETE FEYo] i
A 2 4 Boluh A F3lo] thaf A 71 ofshrh
A &4 AT
o] 7]&e] &7l vt 2 S5 ZHo] ofd Al H|,
Z 923 glo] ohd 23t vlof H-gotwS o " A5
ok A zkait,
SHH ARl 1ot 2 4530 7hed| FEs E55H| of
B )
—&— Tension
--#- Compression
--&- Anterior bending
00 - --x-- Posterior bending
7. -*-- Lateral bending
-~ -—8— Torsion
6.00 TTe——
——-e
5.00 A
‘T 4.00
‘o
. 3.00
2.00 e .
_________________________________ .
1.00 K g
e $imim i X
0.00 = T = T & 1
A D E

Figure 3. The graphs show maximum stresses according to the shapes of metal plates. (A) The stress peaks at torsional force. The thicker the middle
of plate is, the smaller the stress is. (B) The stress peaks at torsional force. The wider the middle of plate is, the smaller the stress is.
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Finite Element Analysis of Stress and Deformation according to
the Shape of Plates for Internal Bone Fixation

Jun-Hee Moon, Ph.D.¥, Jee Hyoung Kim, M.D., Bong-Gu Lee, Ph.D.", Song Lee, M.D., and Dae Geun Kim, M.D.
Department of Orthopedic Surgery, Seoul Sacred Heart General Hospital, Seoul, *Department of Mechanical Design, Yuhan University,
Bucheon, ' Division of Machines and Automobiles, Yeungnam College of Science and Technology, Daegu, Korea

Purpose: To determine the metal plate that has almost the same volume and weight as the conventional plate, but has improved
properties by changing the shape using finite element analysis.

Materials and Methods: The bone is assumed to be of 100 mm length, 20 mm outer diameter and 12 mm inner diameter,
respectively. There is a fracture line that is perpendicular to the major axis of the bone at the center. The two pieces of bone are
joined together using a metallic plate that is made of titanium. Six holes are located, with an interval of 12 mm. We suppose that
screws of 2 mm diameter and 25 mm length are inserted in six holes. The metallic plates are of 5 shapes (A, B, C, D and E) in total.
Shape A is the standard or nominal type. Shape B and C are thicker at the center of the plate, respectively. Shape D and E are wider
at the center. Six types of load are applied to each of those plates: tension, compression, anterior flexion, posterior flexion, lateral
flexion and torsion. We compared stress, deformation, maximal stress and maximal deformation, according to the six types of load.
Results: Our deliberate investigation using finite element analysis showed that increasing the thickness or width at the center of
metallic plates lowered the maximum stress and deformation. In particular, maximal stress and deformation could be reduced by
33.5% and 38.6%, respectively, in the anterior bending situation. Compression showed lower stress and deformation in type C or D,
but the absolute quantity was much smaller than others, for example 0.01-0.001 times.

Conclusion: As for the internal bone fixation plates with the same volume, the wider or thicker in the middle the plate become, the
less deformation and yielding it bears.

Key words: fracture fixation, bone plates, mechanical stress, finite element analysis
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