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Construction of 3D Finite Element Model of

Lumbar Short Segment Pedicle Screw

Instrumentation and Stress Analysis

Name: Wang Yu
Supervisor: Prof. JIN An-min
ABSTRACT

Backgrouds

Pedicle screw fixation system strongly fixed anterior, axial and posterior column
at the same time, strengthen support and anti-torsion stiffness, and achieve better
fusion rate and clinical results. However, with the extensive application of the
technology, its operation is common case of failure, such as fracture fixation, adjacent
segment degeneration,and the most common complication is fracture fixation. In
recent years, application of finite element method in spinal biomechanics research is
increasingly wide and deep. Among these,useing of bio-mechanical knowledge, a
comprehensive analysis of the role of theory and stress distribution of various internal
fixation devices have great significance to the correct selection of surgical methods,
to rational design and use of internal fixation devices, to achieve the best orthopedic
and fixed effects, to reduce the operation failed rate and the occurrence of
complications. This subject is subvented by the Technology Project of Guangdong
Province in 2007, "The R & D and applied research of double U-shaped biology
flexible memory alloy rod fixation system " (Item Number: 2007B031003010), is a
subset of the Technology Project in fact,and provides the objectives of improvements
and evaluation of the control targets for the development of new types of flexible
pedicle screw fixation system.
Objectives

1.To establish three-dimensional finite element model of short-segment lumbar
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ABSTRACT

pedicle screw fixation system.

2. To provide three-dimensional finite element model for short-segment lumbar
pedicle screw fixation system, on the basis analysis stress distribution of screws and
rods under different loading.

3.To provides the objectives of improvements and evaluation of the control
targets for the development of new types of flexible pedicle screw fixation system.
Materials and Methods

1 Establish 3D finite element model of lumbar short segment pedicle screw
instrumentation

1.1 Image data: a selection of adult volunteers, by X-ray examination to exclude
spinal disease, PHILIPS Brilliance 64-slice spiral CT scaned him by continuous level,
scan range from L, to the greater trochanter of femur, image processed and stored in
the CT workstation.

1.2 Computer hardware: AMD Dual-Core 5000+ Hyper-Threading CPU, 4G
DDR800 RAM, 6800 GT graphics accelerator card dual-128M PCIE.

1.3 Software: Mimics11.11,Simpleware2.1,Abaqus6.51.

1.4 Modeling Methods: The geometrical model was created by Mimics 11.1
based on CT data of L5 segment.The models were imported into the Simpleware 2.1
and pedicle screw fixation system was shifted in with STL format to establish 3D
finite element models of posterior lumber internal fixation. The 3D finite element
models were imported into Abaqus 6.5 and analyzed. At the same time, according to
the geometry and mechanical parameters of screw and rod, established
three-dimensional finite element model of lumbar pedicle screw fixation system.

2 Loading and Calculation

2.1 Loading method: (1) fixed the lower surface of Ls, 500 N pressure was
loaded on the upper surface of L3, and this load evenly distributed on the surface of
each node; (2) At the same time , 15 N-m moments was loaded to simulate lumbar
anteflexion,extension,lateral bending and rotation(Considering about the symmetry of
pedicle screw fixation,only loaded left bending and right rotation).The stress of the

pedicle screws was recorded.
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2.2 The results of the qualitative observation: Showed with the stress distribution
diagram.

2.3 Design of calculation: calculated screws and rods the average Von Mises
stress: screws were evenly divided into 3 parts according to the their length, each
uniformly selected 32 nodes, and then loaded in the above-mentioned circumstancees,
calculated each node stress, calculated the average as the stress of the part; connect
rods were evenly divided into 2 parts, each evenly selected 32 nodes, each node used
the same method to calculate stress, used the average as the stress of the connecting
rods.

3 Statistical Methods

All statistical analysis used SPSS 16.0 statistical software to deal with.
Comparison of stress at different parts and under different moves used variance
analysis of factorial design, if the overall comparison P <0.05, the further multiple
comparisons (Homogeneity of variance used the SNK method,while variance
arrhythmia used the Dunnett T3 method). Test standard:a = 0.05.

Results

1.Mesh results of 3D finite element model of the normal lumbar spinal:

The model builded by mimics,simpleware and abaqus has a excellent geometric
similarity. And reproduce the L3;-Ls segmental anatomy shape, the overall visual
display surface without too much simplification.

2. Stress distribution of pedicle screw fixation system at different parts and
under different moves:The stress of axial direction in various part of pedicle screw
instrumentation is far smaller than the stress of flexion, extension, lateral bending,
and rotation forces . The stress of axial direction mainly concentrates on the
conjunction of screw-rod, while the stress of flexion, extension, lateral bending, and
rotation forces mainly concentrates on the rod. (Although the average stress of
posterior segment of screw is less than that of connecting rod,yet the stress peak in
the only screw nail is similar to connecting rod,which is also great showed with the
stress distribution diagram.)

Conclusions
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ABSTRACT

1.The method of this study is that: One common volunteer was chosen, who was
scanned by multi-slices computerized tomography (MSCT), then the 2D image data
in format of DICOM was obtained, and then, from this data, a three-dimensional
image about lumbar spinal was reconstructed with the software of Mimics. Finally
this 3D image was modified and smoothened by the software of Simpleware and the
3D solid modeling of lumbar spinal was reconstructed successfully. This method is
very quick, convenient, high efficient, precise.

2. The experiment simulated L4.s pedicle screws fixations by three-dimensional
finite element model,close to the lumbar rear decompression, internal fixation without
bone graft or with posterolateral bone graft has not fused.The lumbar spine loads and
torque loads are near normal physiological state of the waist level. The results show
that: the stress of axial direction in various part of pedicle screw instrumentation is far
smaller than the stress of flexion, extension, lateral bending, and rotation forces .
After operation ,fixation system should be made in the body to avoid stress
concentration and lead to fracture. So after operation,bed rest and wearing braces,
patients avoid spinal flexion, extension, lateral bending and rotation movements,
mainly load from the vertical compression. The stress of axial direction mainly
concentrates on the conjunction of screw-rod, which is fully consistent with the most
common fracture site of the most commonly used, the traditional rigid pedicle screw
spinal fixation system On clinical. At present, for more study of screw geometry,
there is cylindrical, conical and Gourd-shaped.But no matter how the design of the
pedicle screw system, the stress of axial direction mainly concentrates on the
conjunction of screw-rod. so the conjunction of screw-rod can not be too small in
diameter. However, the size of the human body pedicle diameter is limited, when the
screw cross-sectional area accounted for 90 percent, then increase the diameter of the
screw, there is no increase in fixation strength but easy to make pedicle burst
fractures. So a new pedicle screw fixation system, only the stress distribution, no
significant high concentration of the stress situation, at least for the screws which are
unable to strengthen , can be effective to avoid pedicle screw fixation system fracture

that the most common complications. This is one of the objectives of improvements
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and evaluation indicators for the development of new types of flexible pedicle screw
fixation system.

3. The 3D visible geometry model and 3D finite element skeleton model could
be constructed from slice section images with Mimics,Simpleware and Abaqus
software. The finite element model simulate morph and mechanics performance of
human body reliably. It is a good method to operate vitodynamics experimentation
with digitizated mechanics skeleton model. The finite element model could substitute
human body partly, it has the advantages of affluence information, purity, low-cost,
low time consuming, high efficiency, precise simulation, favorable repeatability. Also
this method can complement with biomechanics in vivo experiments each other.

4. Based on this 3D finite-elemental model of short-segment lumbar pedicle
screw fixation system , many relative studies can be expanded in the future. For
example, in the original model, easily analog newly developed U-shaped memory
alloy stick biology flexible fixation system, and further investigate the evaluation by
compare the stress distribution of the traditional rigid pedicle screw fixation system
and newly developed flexible fixation system. Same method can also be used to
compare the stress of its adjacent segment of traditional rigid pedicle screw fixation
system and newly developed flexible fixation system, and further analysis and
evaluate which is better for avoiding degeneration of adjacent segment. In short the
traditional rigid three-dimensional finite element model and stress analysis for the
further study of the latter has laid a good foundation.

5. The disadvantage of this test is that all the biomaterials were supposed to
homogeny, continuous and isotropy. But that is different from the fact. Because this
test only in the computer simulate simple, basic movements of lumbar spine, whether
its geometric similarity and mechanical similarity, or border constraints and loading,
there are all inevitable differences from the actual situation; and the accuracy of finite
element model depends on the number of units selected, more the number of units
selected more the model accurate, and vice versa, so the purpose of test is to provide
biomechanics and theoretical foundation for clinical. The actual clinical value of the

evaluation of the traditional rigid pedicle screw fixation system and newly developed



ABSTRACT

flexible fixation system, still need physical specimens biomechanical testing and
eventually clinical validation.

6. The finite-element method and the method of biomaterial test of the specimen
have respectively advantages and disadvantages. The two methods should make up

each other, then the more scientific and reasonable results can be obtained finally.

Keyword Lumbar; Pedicle screw instrumentation; Finite element; Stress
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Rt F AR L

Bl1-1  LoLsft)LATHES
(Figurel-1  Geometric Model of L3-Ls segment)

2.2.2 A7 CHIAY At 3T

R (K3 — 5745 BLIR JLA B G A simpleware2. 18KfF, [RINH¥AHE S MR
ET RS LASTLAS 45 A\Simpleware K BETUCAL, BULIL,HEMHE - HLBRET A
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—A W, LA RT3 R . MRRES KRN, b4
RBCHi e A0 VR 2 A1) 715 45 45 ¥ 8 B UNO Compression. MI# RIS G
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F PR CHRL

1-2  LusHE S HRERET B E (KILs s 75 BUBEHEA FROCHERY
(Figurel-2 Finite element model of L;_s segment with Ly pedicle screws fixations)



Mt FAER L
x1-1 FRITEEZEHAMEER
(Table 1-1 Material properties used in finite element models)

AL B B (MPa) AL
Material Young’s modulus (MPa) Poisson’s ratio
BRE 12 000 0. 30
WEE 345 0.20
“#iR 12 000 0. 30
HERR 4.2 0. 45
ik 1.0 0.48
Ja G 3 500 0.25
P E RS 21 000 0.30
3 4%

FIA =4 E@Z K MMinics11. 11, Simpleware2. LFIF PR ICHK fFAbaqus6. S
Th#TIERER (LL) FHEZEREERTMERS . SAERLTREE
H, EUTLLYBRBRHEWIE, BERREN, ROLTEHL. 25
M= A R 5 A S AE RIFK)LAALE GuiEl-4. 1-55TR) .
FEAHE. REE. B ERERA
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B1-3 Lo BUBEHES ROCHR
(Figurel-3 Finite element model of L;_s segment)

B1-4 Lo S HRERET R E L3515 BUBHE = 4%
(Figurel4 3D model of L; s segment with L, s pedicle screws fixations)

10



AR FERX

4 e

4.1 BEH=SEBRTHUNBEIEN: FROTERE—HTENANKEHA
Wik, TENMATHERABRTA, BREERATERROBREDHZRE.
BT EEREYNEFEEE L EEEENATAME, SARAZERR#ITHE
REBEEMRRAIARANGRGE O —FHERFR. A HER, ARTEEL
FELMENFRAARFBUNLEA, N +EREFRTEARTENHATS
BREMHERROMR, BRENNA TR, BERENHTRE. MF.
VOB B S F s AW MR L, A RITEEER KR AET T LAURBRAL
- BN EREIR AL S, KRB AR UM BN, H TS AT A
FTEXEMA%E, BBTRRMHESRE, BnTHRRNMEE. FHEK
1B THR 8L U R R IR A D I ) B, o B AT LU R IR B A4
LR LM AR, AN S, ENBRETEE, MEH
%, [FR AT B R E R A R AT, SRR P B E AT IS,
AR A EPRET, WA RREH—ERTER.

4.2 SV BIEHEHES RIBE N EE REN =T RO E T HIRKREX: &
=R, NTFEMARTBMNGST, ERE. FAERRER ESCHERIYEE
FE, HEARIR R A R — R 38 SR BB A F AR (ALIF. PLIF, CF), B
WRSER. AMhERAXERNERE, HEREEE “HI%” B—RASFH
IRABH S RIBAT B E REMKRBNNA. FE2%ENNERTHENEENEY
RIBRSC AR st e e, B IR, BlmSCh S S MR E € H=HE
MEE R WDick R4 RF R4 AFRZE. CDRZ. USS RAHSE, HHAC
SR RERMEE. MR RRGE, kT T RPIHENIEE . HES R R
SKEZE B FRGTEMRBTERERNFE RN A E €SB EBE XX
RESZNH, HFERRKEOFRGIEBREE: HISRIBTHZE. KTAR,
EEWBNERAL. 5%, EZEFTURTMAM S, PETBAIMERA.
NRFAGRATHAE, BIAEE R E SR T KBSOEST, MALTRFES
AT LR S RARNSET. BT ISR . o B B 1 BB A R A Wb, 7

11



F—% HBYRBREHEIRFONEARL ARG ZSARASYES

AN EEBNY, BT RERMEMASE, EREETBRERGR . BEH,
HZSEUZETMAG N, EEMMERR. FHEEEE L WTREBMMA,
IR B R R, HARBX N KIS TE B LR, SR Bk (] 2 A0 /)
KTMABKE, EEER, HEEENME, AZEFIETRIHERZA.
NRATIBATHER . B b ial BN 1% A [ 78 55 B4R 35 B G iE — AN A
JIEEEE, BB LUEE RN S R (BN ] — BRI 58 hn & 2 5B
71, BEEEREERNRE, EESBUFEEENEE. FRIE TR, BRX
FEri. BTCAERARI 5 VE R AT B ISR T, Mo =,
>N AN S B . U BRI RES S REY HFER X, By
DY BEHERE 5 RIRET R GE N B S8 N 2 A+ 4 R B . KEHR R 1 e
WU BRI A RMFERTTE, BREBERERENBE. AR
ST BR GRS ] AFE TS _E B A SHHE R R R 7 m B S, R ]
EB o DB A Sy AR, TR AT X A% G R M B ME S AR AT B E R A0
I 3 53455 55 BRI ) S P B S R R RO R ) A A L4, B B 1R I RO R AU REHE A
G/ PIkan

4.3 HFMERE: BT AEEREZ, JLATESKARNERE I T A R LA
BRI AR, BUEARALACAD. CAE A" HEH#IT = HHK.

4.3.1 mimics: BEHTEYNERERITHMNTE A ERRIEREEH, BXREN
M. HETHERRARE, ERETHNSHHERE, MmmEst, /i
DA 24 81 B = 3 PRI CAD R At B IME R FF & R BRI R AR S5 —F
FETRERERAAENE R TRNAE, REXNELMMAINSHITHRE, A
BEHHERRGHIT=RERE. ERXHEMEIRECBEIUIEHRKEE, B
AXRFIZF T E R e R R BR AWK SR, Tt FAREHRRERANT .
BE, XTEMREANALBERFINEFRYERNTEERN. TR
BIHRITHER, FrOMRK—BRRE], SIS0 %8Rs iR g
REFHITRT . ERACEEICEEREEYHEERTHINELAT, H
AMimicsT] EUREFAIAR SRR B, BRI EIE (CT. MRD , 2

12



, Mt F 8

SEIDMERI T AR, ARG H B MCAD GHENUBEBIRIT) « FEA (BRTH
¥, RPCHRE R ED #5 R, AT LAZEPCHL_EH#EAT KA SUE i 85 st 2, B AiMimics
EALME: O X EH patran, nastran. abaqus. fluentflansys, & FEMimics=
EREAOBEDREMEEOBEE, FTUBEAZTRITKRG A EE&E
THBRTES . MR, MimicsHith MEER, BWIRATFRITRGEERH
AT RIS . RTTIR BIH5AN A PRITEK A, AN AT AL B R AR AT LU
R Hh xtMimi cs i H A T PO A& AL B BEAT AR RS X1 4o A FiMimics X PR BEAT IR
Bl EALAIACER, fREESI =R, o ATIREVEOE B ok AbaqusH R LK
BRI BRI R, BRI EBE " A R R

4.3.2 ABAQUS B —ZEIhfEs& KM TRBHRINA BT, KA RABATEREM
SRR R R T B 2 R AER M. ABAQUS BE—EEK. @
BRMER LR TTE. JEHE &M RB MR R, LRI T
B eeE, HPaESR. 8K, B TME. E66E. RS,
] R 48 B M R R DL R H RS RS T R RN E AR TR,
ABAQUS BR T REMBR KBS (RLF) / AL#) HIRE, &7T IR H fh TRE UK
HFZ RS, FlniES. REY . RaBaau. FEMT. X h%¥0
B (FRAkBE / MABE M) RIEBMAFHT. ABAQUS ARFRMITIZ
Rizhee, HERARRXAEREESR. KEME B LT gk A RAE
RASOBEAH K. Fitn, FEREHMEEBEHEIEETITE X E—if
B4 JLAT R ST B30 TSR 5 M N R A R B TR 45 & ile k. ZE R BB E P, &
EEEFEEERE, AP RFRE-STREEE, G4W0LARR. MR
B ARFMRERR . E—ANIELESVTF,  ABAQUS A8 B BEFAINE
T ERMSRE. WA NEGEREESE, I RELFETSHURIEE
VSRR A B BRSBTS SO B AR S i I B
WHEE R . ABAUS A B A E KM S K Hk— ABAQUS/Standard M
ABAQUS/Explicit. ABAQUS &AL &—AMNAMEXFRMBNMELH - R, BIA
VIR H AT S AL Ee — ABAQUS/CAE . ABAQUS iyl ol URIRHL T ¥ H

13



F—%F BYEREEIRETNAZZAGZGARAREES

HEBR AR R . ABAQUS %) 2 HuA b R IV REBORIH FRITHMF, ATRASMTR
HHE AN LN FERR, e R AT 8 IR B e K 2% B 12 AR 0L 6
LRI, ABAQUS AMETT LU —FF M S EM S W E IS, FIEE &
AR ALK AT AIBTF .  ABAQUS BI R4 4 mUMXS T H AR R 2T 8K
R RM—TE 8. B1TABAQUS RF5HINHTRE AR A R R AT FEAEE
BABAQUS & EE Tk, BT ABTF P ZHIRM. ABAQUS =i K&K
REHE RPT R P#RIEE EXAIIER . AbaqusXIELk it i BRI R A &
pttErE, RRNFHIELERRTTRME, EWENHEBLIELNE R,
B A B P K85 (9 IR TTSCE AR R i KA AT 2| o

4.3.3 5HMKRARTE-H=4FRoRYENRELREFERN, RENKRE
HEM, TEDAERE R WSE K E RS T AR PR A T #4101
o RITEEXIEREL, EOMEIERS ERREE: #HENETR
th JELTE. BATLRUAMFMEL, HERESHKBEE, L, Lk
FERL SRR . PR R 238 R 4T DI FR P I el A R R 22 R | 42 1 B i
e WERTGIEEEZEY N FESRNARE, EFREMEER RITHEEEK
BRI, WERKZ R SKRE, ZHERERRAT ZHR, HE
Hredl. MRRENLIR, BEEERGERE. ZR=ZFLRFMEN.
BEA FHEVERRENEAR KRR, RIEIEISESE AR BT B
o WHBIKIHE LR, FREMBEHRAERTLEHE, XERFEANKER
LRI . BEERRITELD I EPRRATTRR, BHE K E U .
AR AR A E R, BT EEMENERRE. . G
. MEERRES. Bl BFRN. BEMAXSE, XEUHEREEYSHNEER
firl, AARTIEREFAREN: AaTEBRTE, SHEMTEEHN
REERERE, ZARURSMELBFAFRETEL TR . ALRAREEE
FEMECTHUR R T IR BIEER, LWEUMFACTRE#TERERLTHE
%, R Habaqus® RITHAFR M RAEY G A LA B AA M, Myt
BT RN BB S RRST N B e R = A TR XAMERIT Y A

14



Ad F X
FTHEBBINEACHARTIFMSE. BRERETERNS SR, SFENHR
B, BBE, X%, WP, REPHEOMN SN YE S F R
W, BUROERER RS, £F R ERIE LR EY
TRtk

5 Mg

5.1 SR FH64HRECT R 5 JR 4 34T W2 B ECTH 6 —~ 3R 18 =i KI5 A DICOME 4
—Mimics11. 1134k B 2 FE M ) = 4E Bl 1R —Simpleware2. 1A B f5 3R A
R B ML B R TR — i, R—HMRFNARTEET R, UX
T DS AR R E AR AEE SR ZEE AR TE. RE.
R HEREM A

5.2 MRS A58 i Abaqus K1 X B B = 4 AT LB AL HEAT PR RI 9> B R
Wi, ATEILEEAR AR, REBENNFEHERE, WE—EREEEN
KIEGBIFAHETHEER, FRREFEFENHEGR, NERTHENEK
BT B2 HRI %57

6 SEM

[11 Zhong ZC ,Wei SH ,Wang JP.et al. Finite element anaylsis of the lumbar spine
with a new cage using a topology optimization method[J].Med Eng
Phys,2006,28(1):90-98.

[2] Wilcox RK. The influence of material property and morphological parameters
on specimen-specific finite element models of porcine vertebral bodies[J].
Biomech,2007,40(3): 669-673.

[3] Wheeldon JA, Pintar FA, Knowles S, et al. Experimental flexion/ extension data
corridors for validation of finite element models of the young, normal cervical
spine[J]. Biomech,2006,39(2): 375-380.

[4] Sairyo K,Goel VK,Vadapalli S, et al. Biomechanical comparison of lumbar

spine with or without spina bifida occulta.A finite element analysis[J].Spinal

15



F—F ATBRHEIRETABRZRAARGZAARAREE S

Cord,2006,44(7):440-444.

[51 #/E, BIE, HEETFCTEREI AN EHEHR=FA RTRE M
R A BT KZEHER(ERBER), 2006, 28(9) :1189-1191.

[6] #k*EHE, K&, FHIL BIER, ZHRESREFOERTHND.PE
WK FE, 2005, 23(1) :96-99.

[71 FR3K, =456 RITBIETNERR IR . D BEES, 2006, 26(2) : 154-155.

(8] SKEE, FRMWG, BrttiE, i, F.LELEAGMAGERT/LARYE
BRI . Mot EHUE B( BiE—), 2006, 22(3): 249-252.

9] HRRABFEFEGLEE. FRREREAR M) dbx: BEHRA, 2006.

14-16.
[10] Escott E J,Rubinstein D. Free. DICOM image viewing and processing software

for your desktop Computer: what’s available and what it can do for you
[J] .Radiographics,2003,23 (5):1341-1357.

[11] Chen CS,Cheng CK,Liu CL.A biomechanical comparison of posterolateral
fusion and posterior fusion in the lumbar spine[J]. Spinal Disord
Tech,2002,15(1):53-63. |

(12] D%, BA&, &g, FEHERGE A RBESARKXKHRITHRI]L4
BEZGE, 2007, 27(4): 282-286.

[13] f4#, Butkse, XUk, ki, SHESEIUIINHEI-T BUHEN 17047 tL
B .AFHES¥EZE, 2006, 38(4):305-308.

(14] kK8, FIL, #4%, S ANEEFHEART/UTEEKERD]. S ERK
fRE¥2E, 2003, 21(5):531-532.



e
B_E ENVREEESREBITABRERA
BRI N Sy 734t

1 5%
FTERCRERELR. 28K, MHARWEHRYE, TEYWEEY
BRI TAE, SRR KM EI%. EZHER, SFERART RN
YT, TERUE. IR AOR B, MR A R — i R A
BIFERTT . NTTATIERA S RV IRE . 7 IE W R B LR R R
WEMSEREANRERNE 0. BEERFRENERZS, SESMER
FAR, WHREEHER. METHETREAR. H B RHEREER, EMEH
RABSAERE, UHAAETRARRLAE. XHEETRARERRT
BT AR, T A T BRI a W AR RS A, PSR
OB AR RIEERARE AR, B8 A% B KR5S RBATR A A
%8 TRIFHEEREY. HS T RN E R R AH R RE, fEFE
TR, B BEE, BT XHRAMEORIE, 8 T RERE EAI
PR . (BB ANTENA, RFERRBEHEOIFERDSR, w0k E
Wisd. AGEVEGREY, Hoeh DU S REEREWRE N R L. & 20 ERAR
TLHELEA R HEF R N A BB SR KES, BREY M
iR, RSP E S SR R, SMATRL N S 0L, X F IERE T
R, SEEANEEER LRAREFURERNE MEFREKE
R HRENRELGEEENSY . AFFFUET A ORI S RIRAT R
Giw = g R, ATER EMKE M S R RE WA E
FRARS FRBL S, HT 5K ERBAT . WSt TR, H
h I B A S ARARAT P L R R 0 T SE T R A SRR T R A

17



Fo¥F AV BRAESAREATA B AR RARR A H S
2 MHESF&E
2.1 R ERE:

2.1.1 ¥R EBIEREERE( FR 27y, BH 174cn FE 63
ko), ZXERBEHREHSER, RAPHILIPS Brilliance 64HFZHECTX H 4T
ELKERHE, AHRSEUT: BEL Om REHRR200Ms, BEE120kv 3
T BB EE R KETF TR, BBREERREECTIESSD,

2.1.2 WEN (EABRE: AMDIZL5000+#4F2CPU, 46 DDRS0OOKTE, 6800
GT XU128# PCIE BEHE R . BIERZ: Windows XP) . BaEhEEH.

2.1.3 #ff:

Mimicsll. 11 (Materialise’ s Interactive Medical Image Control System
Bl Materialise MIXEREFZBRIZHRS) LA Materialise A7 24,

Simpleware2. 1 HHEEIETERH SimplewareA &)k,

Abaqus6. 51 HiAbaqus 2 &) $& 4, REER E& LB KRB ERELEFRT
SR

2.1.4 HSRIBATREWEERS: Medtronics & KITSRHAE 5 HRER4T P [
2.2 Fik:

2.2.1 My nEF =

(1) B EEBILMEA TR, 7ELMR B REFLEMEM00 N 887, Lk
BT REE TR

() EEEEMFH00 N HATHIFN, FLMEE LREMMAMLS N A%, 2650
JE R, B RA RAFME SLINE .

2.2.2 BRE A H K

(1) R 343 77 B B 7 & NG L T R 7 43 A o

(2) T EIRET FOBE 3 Von MisesR fy: UBATIRK I A3, BB
SHERAN A, REELRMBEFRT, WEEWANS, WHFHEER
GBUBETHIN S ; ¥k B T8 2B, SBIAEW2MN R, RETEE

18




B F 4
VRN Sy, WIESEAE R E BN ) (HE S HRIRET W 8 52 RZEN ) 73 H R
RS BnE2-1817R) .
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(Figure2-1  Finite element model of lumbar pedicle screw instrumentation)
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b:Flexion

l d:Lateral bending



Bt F43 8L

e:Axial rotation
B 2-2 HESHBRETERFRE TN 14

(Figure 2-2 Stress distribution of pedicle screws under different loading )
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(Fig2-3 The distribution of stress of the implant under different loading)
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(Fig2-4 The distribution of stress of the implant under different loading)
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