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Biomechanical Fatigue Analysis of Cervical Plate Systems by using a
Computer Simulation Based on Finite Element Method

Sung Min Kim®, In Chul Yang" and Sung Youn Cho"’

ABSTRACT

In this study, we performed the biomechanical analysis of cervical plate systems by using a computer simulation

based on finite element method to derive reliable model by analysis of design variables and fatigue behavior. To simulate

the cervical spine movement in-vivo state by surgery, we modeled the cervical plate system which consisted of screws,
rings, rivets, and plate and Ultra High Molecular Weight Polyethylene (UHMWPE) Block. The experiment of cervical
plate system followed the ASTM F1717 standards that covered the materials and methods for the static and fatigue
testing. The result of computer simulation is compared with experimented test. We expected this study is to derive
reliable results by analysis of design variables and fatigue behavior for developing a new model.

Key Words : Finite element method (- ¥+8.22 %), Cervical plate system (3 5% 2] 2 ®), Static compressive bending

test (B4 F T AlE), Fatigue test () Z A1 E), Available life (53)
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2. fEtes ZHY

B Ao AE in-vivo AEjolA AFel &2
2 2233 oA A™slr] st A9d A4S
¥ Al2" (MAXIMA cervical plate system, U&I
Corporation, Korea)oll Wi #8224 24 s)dst
o F882 FHAd o8 AT. AYH AFH A
28 RdE QF HAFMo A4S 3= Ulra high
molecular weight polyethylene (UHMWPE) Block ©}
Plate, Screws, Rings, Rivets 5- 0.2 o]Fojz z}z}o]
FEES AZs TAsed AYE 4w

Al AE1L Fig 1 3} o)

(a) Implanted system
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(b) The mesh of FE model
Fig. 1 Finite element model of implanted cervical plate
system

Table 1 The number of mesh elements

Part name Number of nodes Number of
clements
Cervical Plate
37,406 21,378
System
UHMWPE block 10,436 6,514
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Fig. 2 The cervical plate system

2.2 Ultra high molecular weight polyethylene

(UHMWPE) 2| 293

Ultra high molecular weight polyethylene
(UHMWPE) test block & 40t3MPa 3} Z-& 9%
3 2= WEe ASE2 W] AL we 5
Az 4AE Z fAGA A AT T FYE
Ae2 AdE MseiA 8 £ ©EA Fig 3%
Zo] ASTM F1717 ol A AAIsHe FZol A3 o
UHMWPE test block 2] #3t84 298 /MEsg
o}
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Fig. 3 Cervical unilateral UHMWPE block of ASTM
F1717-01
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£ d7olA AAF JF AAdY AF A&
Bl AP ASTM F1717 oA AAste Alguhy
o AT NAR NEATS AFH ANEHA
ATE A dE F Aok 7IAFH AgelA dA
g A3 4% 33 Al'Y (Static compressive bending
test)} ¥ 2 A F(Compressive fatigue test)?] 522
R FEXAL FHE AEGH dFIME F
2ol Bgstd 1 ARE vlusded ¢4 I3
A8 (Compressive bending test) S 28 A1 g4
olde] FFxd ¢ F&RAY AIAHE 1T
F H2HAe AASAT. ol ¢F Y A¥
o 7143 Ada AgHeld ARt Hgoto f

#aspde $E4S U5L 7 W) WEo

31 5= S5 =H

Fig. 4 Test set-up for Compression bending test
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AR ANge RH 4F FY AP (Static
compression bending test)= Fig. 4 oA B X A
3} Zo] Hinge pin 22 lig o] AHAIA MTS 858
Mini bionix I o] & 857} A Z oz H
AT LT £+ UEE F&3o FAYFoRT
52 A & UA=F syt FHE AEH
ojdg& B3 fdad #Me AFF 4F FY A
Y (Static compression bending test)s 7] A& AlQ
A g nNuE FI FHesrAed F&2
A3 AEF2A 5o U FEAHE A5 H=2
AL Y 2dg A= FA ook AEH ]
AL AR Adyge 2L w30 gt I3 e
M 4 33 Al AZAEE st Fig 5 9
Zo] Hinge pin & 7|5 £22 3l X &0l @3l
AfEE Aol sbedtAl slgith. UHMWPE
Block & Screw ol 9]} Hinge pin ¥ Jig ol A2 =
A F&35ch mepx fFEassd A AdEHe
BRO Bonded 208 F4&38la] Screw & A2
d ZuHE Adsen ddLFol LAste=
Hinge pin 3 UHMWPE block, UHMWPE block 3} Jig
HEL No separation £U& 7}l &¥o] &
A F A=E 3%t 4714 FEEPD F No
separation & FEF W] AL Hosis PYPLE
AEA A9 wnF L LA oL §
L&A ¢e xHdog vinAd goIL BF T
%3} Bonded o WEI%E X2F9 Aol7t &
z3eolr},

z3% s3zAe ARG on FHP

Fig. 5 Boundary Conditions of FE Model
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Table 2 Chemical components of Ti6 Al4V-ELI

. Regulation
Part Material Use
Element Composition Reference
Nitrogen  <0.05
Carbon <0.08
Hydrogen <0.012
Plate Ti6Al4V Iron <0.25 ASTM  Medical
system -ELI Oxygen  <0.13 F136 device
Aluminum 5.5~6.5
Vanadium 3.5~4.5
Titanium  Balance
AFE AEHOIMS AT BAYAE ASM

F136-02a 7 ASTM D638-00 ol 2] A3}l Table 3 3}

o] Cervical plate system 3 UHMWPE block ol Z
Zt B8

Table 3 Material properties of cervical plate system and

UHMWPE block
Young’s . P
Pat  Material  Modulus P(’:iic;“ s Ylelzibj;:“gth
(MPa)
Block UHMWPE 1.1le+3 0.42 -
Cervical
Plate  Ti6AMVELI 1.le+5 0.33 795
System

33 3N tx 38 AME

NNIAH AR B 5% #Y AFE (Static
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compression bending test)}< ASTM F1717 o4 A&
8t Hhel o] UHMWPE block o Screw £ 1.0 N-
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HZE STk FFE A EH)AAAME
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ASTM F1717 oA &7&= 32089 10 B}
2 37 137 W9 FHEE Fig 6 ¥ Ho] 5
cycle/sec o] £52 AA & FI AEA9 HY
e g 71TeR T FE Avkste AAEATH
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Conslant Amplituce Load
Ralia

Fig. 6 Constant sinusoidal load amplitude

Miniumload
Loadratid R) = >10 (1
oadratio(R) Maximumlaod @
AFE AEFdHolAY BEH A" FHE

A&7 A J2HAL Ti6AI-4V 9] S-N curve
= ASTM STP 1425° o) A A A5} ©llo]E] 2 Ansys
workbench 10.0 o J& sl ZFAAA S Wigh IJ=
ez 7 7t=e 27 Goodman Theory &
ALste] Ay HE:F Al&"Ho] Ui =N
2 -?raﬁ-’\ﬁﬂﬂ Azt Z8AL =3Th
Ao g AEAYE & o= Goodman theory
9} Soderberg theory 2 A}2-3HE=H Goodman theory
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Fig. 8 The diagram of the Goodman theory
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(a) Deformation of simulation

(b) Deformation of compression bending test

deformation of compression bending test
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Fig. 9 The diagram of Compressive bending test

Fig. 10 Compare with deformation of simulation and
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Fig. 12 Cracks at 118.666 cycles
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Fig. 11 Result of the compression bending test

T B ANE AS MR 22% A0lE
Holv A7t EHA oY Husrg o A9 gkl
W AL A Fig 11 oA B @ 5 Ak .

o2 B dATdM Aus BEE ABolMe Table 4 Fatigue Simulation Data of the Plate
AL frdex E‘%—M 2o} 44, sF2
TEHEEY Fol FEAE Fa gvu 2 F

Fig. 13 The crack position of the simulation analysis
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Loading History (N)  Awailable Life (cycle)

gon Wy é#oﬂ ya AL #1319 0 5.0e+6
= NTRR a e 37 e 20 5.0e+6
40 5.0e+6
42 " =234 60 5.06+6
ASTM F1717 ol A& S 2 A1E A] 5,000,000 cycle 80 4.7¢+6
& FE5Eos FASE glon B AFgME 100 1.0e+5
AAR Agst BFH ANEBYolA HH =2F 120 5.0e+3
5,000,000 cycle & F8 FHom FAso ATE 140 0
AAEA 7IAH HJ2AY 43 596N o FF 160 0

o] A7kd W e AF{ Alxg g &4

o] WA gktor} 596N R} & 3hFo] Q7 HE] *]?J”?l ZAze} B4dEA dF HoH
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ovf 1453N o =E3HAA 1 cycle o] £ HY A2 EE §3a4ARd $£9L BAFE
o Az @ & 4 et ASTM FI717 A= 5et6

AzH4g B3 £9, 225 59 AHE  cycdes F T FH2E Ao AbH=
CEEEAT. ABYolAS B A5 A¥E  &Fo] FESE I £ Fashl "o

101



A4 - P

ANE - 244G AL FRA A257A AsE

Fig. 14 oA & & UKol 7|44 H=zAg dd
596N HE F™o] FHIA ZirdE AL I}
g 7 dsden A FHlAANAE 80N o dtFl
A 4.7e+6 cycles 2 T o] Z4dtr] Al&AeEA F
A% 9 #L2E 1USN 9 FF A7t A
5000cycles 9 & JeRiSIch 7AAR Ade
1453N, Algdold A& 140N 9 313 A7} A
A2 A= HEA9 0 cycle ol £E3 = AHE
Hglon o= HA Hig oJojH & oujste A
o},

~———Expenment
——FEM

Availible Lite {cycle)

0 T T T T T 1 T 1
0 2 40 60 8 100 120 140 160 180

Axial Force (N)
Fig. 14 Fatigue sensitivity curve of the plate
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