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Three—dimensional finite element analyses of unilateral pedicle screws fixation in lumbar spine/CHEN
Zhiming , MA Huasong,ZHAOQO Jie,et al/Chinese Journal of Spine and Spinal Cord,2010,20(8) :684~688
[Abstract] Objective:To construct a normal L3-L5 spinal segment model by using finite element method
and investigate the biomechanical characteristics of unilateral pedicle screws fixation.Method:A three—dimen-
sional finite element model of an intact L3-L5 segment was constructed by using computed tomography scans
of a healthy male.The commercially available finite element program Geomagic Studio 9.0,Simpleware 2.0 and
Abaqus 6.7 were applied to model.Based on the intact L3-L5 model (INT),new models were generated by
simulating unilateral pedicle screws fixation and posterolateral fusion model(M1),unilateral pedicle screws fix-
ation with a single cage insertion model(M2),and bilateral pedicle screws fixation with a single cage insertion
model (M3).500N preload was added on the superior surface of the L3 vertebral body,followed by load of
I0N-m torque to simulate [A4/5 flexion—extension,lateral bending and axial rotation,the 14/5 angular variation
and stress distribution in pedicle screw and cage under different load were documented.Result:The angular
variation in M1,M2,and M3 decreased significantly compared with normal,the angular variation in M3 showed
similar with that in M2 under all direction except right lateral bending and extension,and M1 showed less
stability under lateral bending and axial rotation.The pedicle peak stress in M1 was markedly higher than that
in M2 and M3, especially high on left lateral bending and extension.The pedicle peak stress in M2 was
markedly higher than that in M3,and the cage peak stress in M2 was higher than that in M3 on all direc-
tion.Conclusion : Unilateral pedicle screws fixation cannot provide sufficient stability in lateral bending and axi-
al rotation,pedicle screws endure more stress.Unilateral pedicle screws plus cage instrumentation can restore
the stability as well as share the stress of pedicle screws.

[Key words] Lumbar spine;Finite element model;Pedicle screw;Unilateral fixation;Lumbar fusion

[Author’s address] Department of Orthopaedics,306th Hospital of PLA,Beijing,100101,China

E—EEBN U (1974-) , TIREIN, B2 1 BF5E )5 1 45 kSR
13 (010)66356729-2261  E—mail : czm306@163.com



o[ A 2 7S 2010 4E45 20 4255 8 1)

Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.8 685

H HE (] Bl 5 25 (cage) N H TG IR G | J5 % HE
Vi) il 5 48 AN R B 5 AR MR T 1 5 AR YT
AR 1R A P i 1 BT 2 — o B, IR FAT
I B A AR AR 1] 5 A 22 R XU A 75 AR AR ET
BRI B B Rl i AR, AR
PN AR 5 AR R T ] A Y iR H B = 0t T T Y
Y TIN5 . ARWERAE NIE T L3~L5 =4 KR
JURE AL LA b, 7 EAHEAS [m] [ il 1) = 4
A FRITHLRY I AR S A 2% T
AR R RR E R e S AR ARG A T R
T B AE =5 AR MR AT [ B R PE R AT AT, A
PR FH £ HE 8 7 25

1 HZRFFHE
1.1 =4 BR TR gy
fREBERAEEIEE 1B 35%, &
172em, R F 62kg) , WEAE JCNEARE S 50, 4148 A
X b HEBR BEHERT 2 . 1] 64 HEIRE CT HLA L3
B2 ZE LS T AMRHEATIESAR,ZE 1.25mm,
LU ] DICOM 3.0 4% 23 A B= % 47 B T B4R
4 Simpleware 2.0, #H:37 L3~L5 MEAR STL = £
PSR SRS T A ) TR Geomagic 8.0
T T AN S04, A RS AR BRI R AT BR T #R
4 Abaqus 6.7 , 7 SCARARY i 3L I, #b 78 4257 17

B AR HER AR AT S AT R
A BRI AT B R SRS s R ARAR/N G
A5 P il B T AR B, AR /N Y T 7 4
FEE RS DR b B IEE AR . 275 M 2SOk
K A I8 1 BT RURIA R 0T, XA R R AT A
FELTC DA 30 53, 85 25 S8 A Rk B AR A YRR LE
SRR R B R AR (R 1), A E
B L3~L5 B BRITAL A (INT) i 257 (&1 1),
1.2 PR T

Bifll CD-Legacy ME =5 AR BRET [# % | #R %] H 12
6.5mm, £ 50mm ; # £ 5 P A 5SS 110 000MPa,
TARA R 0.3, BRET BT B AT | S5 ) 5C &
BT B [ 5T 5 B BT oy — Rk A ]
Al 25 A A KRS 2% K B 32mm , S PR AR &
} 3 700MPa, JAMA R 025, i i i1 A 48] 14 Ik
ZTHA 5 AR 2B A2 fioh Sy T 2 ik Rl 2 PR A
HURABUCR, BCE VR A #85 S T HER S 2000
2mm 4t

I = 2 A R 43 ) S SR A ) AR R T
VAL 22 + J5 AR B il AR (ML), BRI A =5 AR
T P[] 2 + BRMCHE (8] il G 2 5 AR (M2), 3L
AR =5 MR BEET PN [ 5 + BRSOHE ] il 5 4 B AR AR
(M3), BE & MRLA AR IR TG, S
RY BT 58 28I R F AR J7 M1, KB 14 2241

x1 ARTEBMBATISRMBEE

4584 L (STve 311} PR i (MPa) A T 16T B (mm?) LT 4=

HE A

S A7 Y T A 12000 0.3 — 94535

P H 47 Y T A 100 0.2 — 529858
J5i 7 G

s A7 A5 DY 1h AR 3500 0.25 — 28568

AN A7 15 DY 1h A 25 0.25 — 5668
HE [h] 23

A% 475 55 Y T A 1.0 0.499 — 15684

e 47 g T A4 4.2 0.45 — 32168

74k P g R R 175 — 0.76 65384
ki

EIES K (LRI S 7.8(£<12%)20(e>12%) — 63.7 24

JE P P R 10(e<11%)20(e>11%) — 20 24

) W AR 1.5(£<6.2%)1.9(£>6.2%) — 40 6

ST PR H PR R 7.5(£<25%)33(£>25%) — 30 12

1 2 (6] ) it [LREI=E SN 10(e<18%)59(£>18%) — 1.8 8

v ) 2l W R 1.0(e<14%)1.2(£>14%) — 40 6

B Wi iR 3.0(£<20%)5.0(£>20%) — 30




686 o A G 2

2010 4755 20 555 8 1

Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.8

A HEAR B A2 L4 R AT ZERT LS b e 2 N
A, VIBR L4/5 [ B4 iRl A% M 22 )5 13 LR 430
PR G J7 B A | BRI A | e A g
T 14 LS A MHE 5 AR 45 B 1 AR ET ; )5 b
AR BB T K T A, AE Tmm RN B B4
O N RA TR, Al A B ZE I 1A 2R SiE i 5]
L5 8 58 B B 5 08 5 0] B 1 il AL Oy s o
R AN B Y SRS (B 2) M2(& 3)F1 M3
(B 4) R 5 M1 AR @A 45 50K 1w AR
45° NAEM BT E A
1.3 kAL Rk
W LS MEAR T R4 8, 7F L3 MEfk 3%
[y e A A CIE =R N NANY i I N
A 5 B/ 2/3 (50kg, B SO00N) , ¥4 5 43 i 76 4 A4~
L3 MEAR Y - 2H , 78 38 B 4% S00N /Y [A] B,
L3 MEPR | 1 i 10N -m i3z shithn 7y, #kA
Abaqus 6.7 Kf#4s Solution FLH , 76 EHERT JE )5
iy e A e B A2 A e S A T HEA TR
LS IR bR AT . (1) MEHEDS 2 B (range of
motion, ROM), J] T4-L5 W Btffif £, &
L4 L5 b a o i e i i 28 A A it
4 A [ B AR AR L, A LR e AR
FELT PP I 2 18 (R A e £, N2k T S Lk e A 22

b 13
£ 3

B 1 AImBIﬁ:%ﬁ@E&ﬂWNFEMﬂWEM
(A T U R TR )

B3 A S AR R BT DA ] - BRSO ] Fl S A AR RS (M2, 0 T LA S THUL )

{E RO 26 XA B A TA-LS B, ()84T Hn
A ARN 7, B AS R TO0T S8R ET F a5 2%
i) Von Mises W SJIE{H .

2 BB

XL RY it i 400N T 4% 47, 3z B B g ok
ON -m, & XUF Y (R 20 R A Aar 25 I, A A
B S 28 A5 O B 26 A e s /S fh T 38
LA-L5 BN . 45 R K& B IE ° EAEA FRoC#E
RIFE R TOLF 14-L5 15 B i # 5 Vadapalli
SR FRICHE T R — B (K 5) o I AR AE
— B AT A A, AT LARE T R AN S 5T

KRR TE AN A T 00T LA-LS 7 BEiY 47
% MES MRS R L5 25 T 52 N ) L3R 2 3,

25 I8 Rl B AL Y £ 62 A% B INT 9 b, H:
M3 A I, HOCLARTE | S e
%, WAV A AN HA T AR M2 5 M3
MR AR Y, UL B ReER AL R 92 AR
FEME, T M1 EZE AR K Ae A e I fA A RS
B, BB HAE X DU A T80 T R A 25

M1 BRET I ) WA P 2 s F M2 & M3, H:
TG LA ZE i B A s BRET I W R R, A
RTINS VB /N, M2 (R BRET R ) I (i B G I

I§l2 ﬁf}“lW%$E£%’i%TWLIE+F&MW E‘ﬁﬂiAmM(Ml
B4 XS

AR BEET DAY [ -+ BR RS ] 5 0 ALY (M3, 00 T L 4/ T 0 )



o[ A 2 7S 2010 4E45 20 4255 8 1)

Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.8 687

—=

nE WEe RS W
B 5 NIERNEAE L4-L5 39 B A FROT RN A W] T 00 T
PR 5 SCRR T

F2 BERBEAFBIRT L4-LS TRAME (%)
L0/ T I = R0 T N ST Aty S <)

INT 3.10 3.23 1.67 1.67 1.70 1.70
M1 0.69 0.79 1.21 1.39 1.18 1.10
M2 0.32 0.58 0.24 0.76 0.33 0.28
M3 0.11 0.09 0.16 0.26 0.15 0.13

®3I EHEVUELRAIATHSIRIZETIZFEASZM Von
Mises I 1& (MPa)

M OATE R AR A R AT

HE = AR ET
Ml 1332 1131 1806 1992 1089 1423 1241
M2 571.3 4882 1310 1262 692.5 680.1 496.5
M3 491.5 395 948 1113 416.1 6269 386.6
il A
M2 717 120 627 51.8 1235 7777 834
M3 339 473 264 404 492 353 372

T M1, Je A K 22 Ji o W2 4T 17 g W (L d5c K, iy i o
WRET N T U fie /0N 5 T M3 AR T 17 g WA (B A%
b T 00T B fefi

M2 ¥4 Filh & i L ) U {7 45 i T 00 T 398
M3 5 P op oA 5 4 A i e e A JeE I il 25 D7 g e
He K, M2 (Rl G A L ) U (T 75 JiE I Az /), M3
P R e IO 3 W L I i R B /)N

3 e

FURT, I R A7 i i AR AR A ) i 15 R 22 R
FHOBUNAE =5 KR BRET BB IS Rl 5 4% B A BIAR
A, EARKAUE T Z OTER RN /NS5 58 L A
B, T ELAR R a8 2 i R M 8 S B 22 AR
N AR DEIX — [ R, Zhao SEE BTt T —Fh i R
T B\ B Rl 8 A T MEAFE A 1) il 5 1) TR

3, AW 72 Bl PR FH 2 B i I AR B s
FARM BRI, T AT VIR B /N 5G 98 B
MM, B T AR RS M TR SCRE I AL il
RIGZR , ARFFEARIESL T L4 LS XUHE = AR IR
BT I 2 0 SR MCRL A 2 R B R R e, BRET
Kl A B9 3 ¥y BN o ABDBUIAE =5 AR R T [ 5
FAR TG R w M, xR 22 2 AT AR e IR
() R R UE, JOIE RN () (58 A S AR IR AT 2
XF R A AN 3

[ 2 ) H R T R A B R SR A DL SR
FlA 7 B A e o T 2R P T 5 B AN | gl 2 3L
WRET IR B Bl W7 LRI S5 T B 5 EAan SR Py [ 3k
TR A AR BN Sy A i A
BEARAFT S Qi fal 75 A5 W il 4 R BT R AR Y ]
SERIEE 22Ok PR/ 0 BBET R 3R A5 AT 4 114 [
FE R —Fh G B S BE  MASIESE 0T LU Y R
SRBAINHE S AR IR AT B A S 14-L5 35 B i M1 5%
B oE R A B R D R R ME R DD R A
AR AR o b 00 e, AN AR A4y, A 5 AR IR AT 7R 32
BRI T, FE4S 4 T R g DA 2 R i
IR A A IR ET Y JE IR B 897~1034MPal, A1,
TE [ J5 an 2R B | HLEE S 5 0 SR R
TR Bl , DL AL B RFLE N ) (i SR ET e A 9% 55 P
ZL ] REEIE K . Goel SEMOHLFE H | BN ET M th F
WIEM AT BN A28, WTHREELVIER
E T80 25 930 T 119995 1) R B AL A2 08 ) e o BRI A
5 AR IBET [ A R0 B A Rl A 7 R LA-LS T
B0 11 0 A5 45 B A 5 AR BRET [ 5 1 — 4D IR
UL H R E M — P i AlA &% E 2RI T HE
(] Pl o) P 7 380067, T8 434 PH T HE S MR BRET 1 1
1, AR PR E PR AE S AR IR AT X
AR T B AR i, A AR
S, ZHEBRA M R T RASET b R SRR
EM A7 A Dennis = FHE , GE VA #2 4L B OF &
SCE R = 4 [ 5E AT S5 AR B PAME A
T e A AR BT A 0 ) BH S RAIG, FRAR AT AR R
HE 5 AR R AT ] ) 0L WA v, 2 SR K i B
[0 i A5 25 P B S sl A MR ET R o, DA 0 R AT
Wi i S FRATTIN S BRI HE =5 AR MR T [ 2
ARG A AT UL R, AT DME SR
TR EME IR AR M g 1) — P [ vk kR, (1
A A AR BT [ BN SR G A AR TR
G I R 06 L T S R T LA A AR AT



688 ot [E R 2L R 2010 4E55 20 55 8 1)

Chinese Journal of Spine and Spinal Cord,2010,V0l.20,No.8

[ e AR, o BRI =5 AR 1 R A Tl A # DR
14 AT B 1 2 1 BUAI A 5 A 1

JEH BRIT o T i 2 MEAE A 4 o 58 b i)
BRI RZ—, HEARNGERF] S A RSS2 05 HAY
FREE Bl A 2 SE WL BV, 259 12 3 i R
% 4T 3 A5 U2 G R A AN TG 28 5 % [ 4N
MRS 8, 5L PRBUE T REAFE 225 . 53 4h AT
FAEABRICHHT b, XL A= W) 1 5 R A
TERPERI LA B W B T R R 14 22
EHEAR S A LA BT M LS BT sl
N DIBR T L4/5 M BR 86 A% A 5 1/3 27 4k
Rl 2R FH N ZE At 4508 A, SHER R
LM L i T A PP RS AR R B R,
UEET S5 MR I OC R VT LR [, RS AN
ARSI ZI R, XFE TS SR ERAE AT
REAN A (H REAR 7 M BT A0L TR | FRAR 3k S frf AL A 2
FEA TR T AT, RN AT 3R X AR R Y
TSR A — @ 5, TR 4 R I A 2R i
FORICME, T 2R3 — i 34 S 45 S e RERL 1Y
FAF R AR, NRAR G A ALTEE Y
AR RN IR Y R A RO A R
PUATE — i Fe— 20 09 T 22 b N g S g A A~

Ui

4 SEXH
1. Suk KS, Lee HM, Kim NH, et al. Unilateral versus bilateral
pedicle screw fixation in lumbar spinal fusion[J].Spine, 2000,

25(14):1843-1847.

2. Kim Y.Finite element analysis of anterior lumbar interbody fu-
sion :threaded cylindrical cage and pedicle screw fixation [J].
Spine,2007,32(23) :2558-2568.

3. Chiang MF,Zhong ZC,Chen CS, et al. Biomechanical compari-
son of instrumented posterior lumbar interbody fusion with
one or two cages by finite element analysis[]].Spine,2006,31
(19) :E682-689.

4. Vadapalli S,Sairyo K,Goel VK, et al. Biomechanical rationale
for using polyetheretherketone (PEEK)  spacers for lumbar
interbody fusion:a finite element study[J].Spine,2006,31(26):
[992-£998.

5. Zhao J,Hai Y,Ordway NR, et al. Posterior lumbar interbody
fusion using posterolateral placement of a single cylindrical
threaded cage [J]-Spine,2000,25(4) :425-430.

6. Zhao J,Hou T,Wang X, et al.Posterior lumbar interbody fusion
using one diagonal fusion cage with transpedicular screw/rod
fixation[J].Eur Spine J,2003,12(1):173-177.

7. Okuda S,Iwasaki M,Miyauchi A et al. Risk factors for adja-
cent segment degeneration after PLIF [J].Spine,2004,29(14):
1535-1540.

8. Ghiselli G,Wang JC,Bhatia NN,et al.Adjacent segment degen-
eration in the lumbar spine[J].J Bone Joint Surg Am,2004,86
(7):1497-1503.

9. ARTER, B MK, G KM SF AR D e T A AN RE - R
FIGM]AL AT N RZERE ) Wik, 2008.62-63.

10. Goel VK,Lim TH,Gwon J,et al. Effects of rigidity of an in-
ternal fixation device:a comprehensive biomechanical investi-
gation[]].Spine, 1991, 16(Suppl ) : 155-161.

(Y A A .2010-04-26 & [l A #.2010-06-25)
(EXHF ¥ R/IFTE)
(AX 3 BIRE)

o
AR

o [ T Y PR A G S e AT R S e M 2 B e B DU S AR A A SO

HWPETPHELLSFAABEFELERA I HHAAERFRESF —ERAIGPE T H
EELAFAFREFELERAEWRFRFL"ZT2010F8 A 2022 AW HE KRR FTRELK

KBIEBF, 2o BB TEARBRUEHT 1 £5F 45,

B R PG BT K FLE AR AL

K2 #h B A S e 8 AR R+ R AT £ A9t

AEX A B D & B4 AH A K & % 69 K ah Aol RAT R ; QA AR SN AE A A e R Rk A AT
K @A I L BT, DF ARSI P B ES T HARR LR,

MEXZR: OX A MEHAFR it S AR #®EAH, BELS, RATFLE ;24000 F
AR ES, M 500 FALEWHE— 1, QIR Fik ZRALEE;QRILFENAEL L E15 @
Wbk PR F AL TAE W & E—mail 3 ik, DB FS1E 4 :nhfy jzwk@yahoo.com.cn , # & P 2% 45,

BEAMA W HAEMRTADLIE 9 F B RFW— E R AZIN; ORI 4 AL 421001 ; 5 4 B 5,
(0734)8279334 (T Hl 4% A ) ;3 & A 216 R (13875737465) , # 4% (13575299310) ,



