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Finite element analysis of unilateral and bilateral pedicle screw fixation before and
after segment fusion in transforaminal lumbar interbody fusion”
Liu Yuwu' ,Li Jie* s Zhou Yue*”
(1. Department o f Orthopedics ,Jiangshan Municipal People’s Hospital » Jiangshan s Zhejiang 324100 ,China
2. Department o f Orthopedics » Xingiao Hospital , Third Military Medical University ,Chongging 400037 ,China)

[Abstract] Objective To explore the difference between before and after intervertebral fusion in transforaminal lumbar inter-
body fusion (TLIF) by unilateral or bilateral pedicle screw (PS) fixation. Methods The L;_; CT data based on the normal people
were used to rebuild the L; 5 three-dimensional finite element model(INT) and TLIF operative model. On this basis, the unilateral
PS fixation (M1) and bilateral PS fixation (M2) models before the intervertebral fusion and the unilateral PS fixation (M3) and bi-
lateral PS fixation (M4) models after intervertebral fusion were built. After setting the boundary and loading the burden, the ante-
flexion, retroversion, lateral bending and rotation of lumbar vertebra were simulated and the L, ; segment angular displacement and
the stress distribution of implant were recorded. Results The unilateral and bilateral PS fixation model before fusion reduced the
range of motion(ROM) of segment compared with the INT model. the bilateral fixation was reduced greater than the unilateral fixa-
tion, but the difference after fusion was significantly decreased. The peak Von Mises stresses before fusion in the unilateral PS fixa-
tion was significantly higher than that in the bilateral fixation,while their peak Von Mises stresses after fusion trended to be con-
sistent. Conclusion The unilateral PS fixation after fusion can provide the consistent segment stability same to the bilateral PS fixa-
tion. The long-term effect of TLIF with unilateral PS fixation is similar to that with the bilateral PS fixation.

[Key words] transforaminal lumbar interbody fusion;pedicle screw fixation;finite element analysis

25 HfE 1) £L B AE AfE 7] 8 A AR (transforaminal lumbar inter- 4+, HFi 944 0y 2 0F 95 32 214 dh e A 5 Bl Z00R 25 B
body fusion, TLIF) J& i 7 I HE 3R 17 ¥ 552 9% 19 % FH F R 7 =X A WA RS TR R MR R 7 43 A WS I BT 6 A e A A
HG R B RORIRA T Z A, TLIF REEE TR AG 5 S W BOR A & 2L 0 254 7 2 0 e 56 1 3
T B DU HE S MR T R A T R R OO S AR IR AT [ BT RO AT . AR SR A BROG A T M T R R T M
FEFRAE AP R e M W ] & T R kT I T R V¥ A e T A B0 A M 5 AR BT [ A AR, 4 A R R
5 BN e P8 B IR . A R B A S AR R AT 878 7 AL LG TS 2B S 2598 AR 22 5,y TLIF R v s il i
I 7 9 51 3 a2 0 405+ LA Wi I 3 B 50N B U e R A TR AR BBAT [ A I R AR S %

O, HETESAVIH MG RS R EAmmm R AE 1 BRS5FE

MIHES RIBET B E W Jr 07, (AR MM EY 0 L1 — ¥R Bl AR B EEE (29 %, 55 172 cm,
FELE R R HANAE S AT [ A R BB T s RRE 70 ko) L HEAR CT BEHZ,

R AR LA 4 S8k A AR AT 12 Fk

BN [ S 0 I PR S T R [ — BN A E R 2 1201 Z4EARonHEE M A 64 HEEE CT MLxtixs

* BB . B FEHERRH SR 8 B H (2012BAI14B02) 5 T K B2 8 K £ 0 % B B (CSTC2012ggyyjsB10012) . {EHE B4 :
XN R (1973 =), EIREIE WL AF 7T, EBENFEFREY S # 5T, & BRAEE, Tel: 13908390792 ; E-mail : xqzhouyue@163. com,



1600

JE A EMEREAT IS4 L R R 1. 25 mm, § A Mimies 301 # 57
Lo s #fl M ) STL = ff 0 4% B 20, SR )5 3 A 306 1) I 7 8 AF
Geomagic " EAT I 4 5 410 AL - fA7 Ak b B8 23 2015 2 )5 AR R
TR T SolidWorks K AR A I 2 11 45 7 % 80 il 5 1
B, A BCRL A B TR A R ME (R BN A R o AR B 2
P GLARREAZ 2T 4 30 M 2T HE SR 2T 4k . 7 AL B B4 AT BT
Ja YAV BT BRI BT OB R R ) ) A A G T
WA . s SRR R G A BRI BT #C1F Abaqus 6. 10, 45 38
E B R 4 S AR A L TE A B S R R B A i AR T (R
DN A TR AR AR O AR R DG T 58 R HY TP fk o
JUREAT AL BE B0 B B A2 AR B IR T R R ) B AR A
PEAT A BRI % R 3+ JEG o PRy Ay A ] 58 R T S TR TR 4
AR T ER AR R T DU AR P A . S8 N IE  Los 19 B S8 IR
BAMRICER AND S WA 1,

1.2.2 FARBEASNEERBEY FEIEF Lo R HEAR
R TLIF FARBER . YIBR Lo 55 BOA DI 515 5% . I BR
WERZ AL EL . DR B LT HE IR 47 4 5 51 2 7 4E 25 . R} 85 Hh 4 A ]
A AR ME ) Rl 2R A PEEK BORL. B IR 3 600
MPa,JAFALL 0. 3. /% & o4 12 mm, 5 4 1A 28 42 45 fih Oy TG A 2
fish s B A P ST AELAS BB . AL Sextant R SR G 4 ME S AR IR
B8 A2 SRET HAR 6.5 mm, K 50 mm, 1 R4 4 110 000 MPa,
TR EL 0. 3, #E S AR BRET 5 1R 45 40 35 fih R A 48 1 o7 =X
SR L ME B A ) 5 B 28 M0 fih O 22 15052 o T TH 422 fik 19

FRES 2015 % 4 A% 44 55 120

T A UL 6] 5 BOIR 25 o B R B 0. 351 L SR 8 A ]
TG 1T LM il 5% 2 b 95 %8 1Y J5 15 K JU0HE 18] 4 A
JERAS o I AR R S L DU A 5 AR R ET [ E B (MDD
BN ME 5 AR AT [ 2 A8 20 (M2) , il & J5 SR A 5 AR 24T [
SE AR (ML3) 1 RUDU A =5 AR SR ET I8 A2 2 (M) L LT 1.

®1 FARTEENMHEY

A P (MPa) KA T 7 T AR
Jsiny 12 000. 00 0.29 —
2R 1 200. 00 0.29 —
[/NRE 100. 00 0.29 —
2 Y 35 5L T 4. 20 0. 40 —
A% 1. 00 0.49 —
2 Y A 4 450. 00 0.45 —
HT ) 7.80 0. 30 63.70
EE Nk 10. 00 0. 30 20. 00
) 10. 00 0. 30 40. 00
B [¥1) 5 7 8. 00 0. 30 30. 00
B 15. 00 0. 30 40. 00
28 6] ) 7 10. 00 0. 30 1. 80
KRB 7.50 0. 30 30. 00
— ST EE .

A SERORAS s B BN [ TE 5 C UM [ 5E

B 1 AEIATHERE

1.2.3 SESHREM A L Mef T R0 58 4 e , B H
FRA M E B, 78 Ly HER b 2% 0t n 22 & ) T Ry $ER AT, R
AN 500 N B A AR A Lo MER R - 2B R R
17 (1 R R R Ly A B 3R TP A 3 8 TR S R m 7.5
Nm F1 58 SRR 5 A 26 70 0025 70 22 75 Bl o) e 4% T 00 T B
HELE W) J1 20K A5 . K BE R S A Abaqus 6. 10 k4 b BE4T 158
1.2.4 FEUWEIEH EHETS 35 Bl (range of motion,
RONMD F] L 45 B A0 8 3205 5 I B P9 T3] s 0 AR 8] A8 A 9 1
J1 HIAE R TR A9 Von Mises Jj J7 I 1H .

2 £ ES

2.1 BACHBERIE A58 RO AR AT A RO I E R
F15 Renner %5 B B IR A 9 g 2 S50 S — B I #07 X

AN 7.5 Nem AHAR 76 MEMERT L5 02 A OIS B 2 4 e % 6
R LOLR 8 Lo /Ly A Ly /L 5 BUMAALRS . S5 R B I I
HEA BR 7045 2 78 A ) 00 F & A1 B i M A2 % 5 Renner
AU A g 2 R A AR B B b T A bR 22 Y A (]
2). LA AR AE — 3 25 1R R A 2 T LARE T 1l 2R A
LT

2.2 Eh g R A MERITE A LT Lo 1 Be iy A A
Koo LIET 3o HE 8] A i 000N 181 5 B o) 18] E ok 2> 1 B 22 9 1Y
Bl 2 L R ) R A e e R AT B 000 [ A T e B 4 o P
/b 38,0 04 115 B 2y B L TG OUM [ 1 WA B 70,206, Bh R
LA R RSN [ 52 Y (B RE ROR AR ARAT T $2 T L E S
2 5 R JEE 5 R BT R S Y 22 B R /DS L R i R A T
el h . — LB — 2



EREF 201554 A% 44 5% 12 B

16 a;gA
14 Renner &0
124
D 104 I ]
s 8]
9]
['4
6]
! |
g I
]
L L [ Le- [ Les
2 f& ‘ = \ BE %
2 EEFHERIE
8
COINT
5= M1
Y m2
6
~ 5
[0
1
P 4
=
3 2
©
24
%
Ny
o LS
Bl

B 3 EERAMBEABIRT L. HE ROM

2.3 MESHETHERGEM AR AR T T
M HET R RS Von Mises Jif J7 W, WL IR 4. B 19048 4
ZEAM B ARZSTR Rl HI R0 5] 5 ¥R 7 7y 0 (i I S vl T OO0 [
(I WA . Tl 22 )5 R [ RE 7 SRR B g (I M 3R 15 TR
W FSE AR o I 2 00 45 bR 285t U0 T 5 B S v 3 B R 2
S AR B0 E -5 0L [ 2 1Y Von Mises B Jj W {5
i,

250

200

T
% 150 g g
R 7 7
8 100 ’ N U N N
2 - N N N 1
g . ..
50 4 N NS N N ON NN NP
e e
A
AR AN AN ANV AN A AR
FRELTT AR )= ENE ans it AlEsE

B 4 EHEMESIEESRITERSEN
Von Mises {71 {H

2.4 MEMAE AMIBL 7 o0 A b A5 PP AR BUAEAS (R 00 T HE ]
HLAYIH) Von Mises R Jj W {E IL &l 5. filt & A 5200 [ 2 IR 35
T Von Mises i /7 W {8 W1 X2 e X000 78 2 4R 285 o 16 D01 S 2 1 4
A7 0 25 0 e DR 2 A A WD S 22 S BN T T A ) AR A Y
IO 7 s { WU B 2 B 1. 5~1. 7 £ . & T )5 iz s LLAh, il
A SR [ RE AR IO g U B A Rl T3 A TS 5 T U [ R A
TEJ5 I8 3 T 3R A% W Wb 2 Ah AR S T Bl 5 B S R R
B A 5 S PACTID 75 R 00 181 5 U0 [ R F) T A 5] A A 9 Von M-
ses N J VA 22 SR AL Rl Z IS 4D

1601
2w
100 +
= |
gso-
(2}
s ’
& N
N
N
oI
fe
& 5 HE
3 i it

TLIF 38 ST S E = AR SR BT (&1 A2 LA 38 ik 77 B A 1k
A HE VA B Rl T B4 A BRI A 5 AR BT T S BN D T
AR OB R 1 [ s 2 Xue S5 Y Al BE M B L
X HEATE S v o B0 R0 HE =5 AR MR ST B A A i i LI IR
TER BT BT 2 05 A I S 4 45 98 b LB, 22 R SR 2 R
(P>>0.05), T7ET A M) i  AF B ) FAE A ) 18 2%
A T B [ E SR R R . Hu S O A S B
TLIF A5 RS0 HE =5 AR RET 8 72 RS AE =5 AR R BT [ 5 [7]
FEE Aok, DL bl BRATE T O SR QU HE =5 AR MRET I R R 4k Tl
RN AR 2 MR AER AT W) ) 2 O TS W 85 R AR SO X —
SEALSND BRI R 1 2 WS B M AR T R [ A 7
PEZ A+ 5 T B0 [ R F) 10 0 PR 20 2R A5 A5 2 AU e 77 AT AL
0] 1 5 — B A e 5 i

TLIF AR5 37 Be A2 W) ) 2 18 b5 e B A HE 8] KA 0 il 32 7
PR A SIS R AR . TE RS B2 HE F] AP
A BT AR A5 A T T A 0 E 45 L AT L o0 4 I 1)
I PR BT 1T A 8 27 T A% 5K 2 8 A AR A AT 5 I A 1)
3k HE IRDAE A W T O 45 ) A2 5K 20 125 80 A0 E e R A L X o
i i BE 0 Bl A R S TR A TR AT R B 5 X S8 SR A 2
Jei o A TED LA X8 B 019 A5 W T 2 R A Tk B e R, X
B i) 45 A J5 1) 1912 3y 14 RE kS A5 2808 i B9 45 T . e B A 1)
T8 1 2 AR AL )5 % (B RE R T 0 R ) ) 2 R 1 o 2R
B o ASWETE P o A AR S B RN R A S AN B BEEY
AW T3 AR BR  LL T Rl A A By e s 23 B KT RE X O B o
PRACR A A R

AR S AR T B 20 B8 E PE AT SR A5 AR 5 Z HT R A R T
TR W) I 2 0 4 R — S ) [ 4 Y B R E
7 TS QOB 18] 5 o e ob B0 [ E B ME S AR BT B AR L R S
W P S 8 T OO e S o R T T A R [ R L
A0 5] 72 1149 7 7 325 280 17 5 IR » i [ AL 90 49 7 7 DA 8 30U
B . FERLG G 500 [ 5 0] [ 5E 78 4 157 75 Bee i 1k vh iy

S 4D B RE R D T BB SR . Rl e O S A e

R M AR LT 35 B0 T R XU [ E A AR B BOCR . X T Von
Mises Jvj JJ V(R T & » il i 20000 (&1 72 A9 #E =5 AR ST 48 R G2 )
W P T 5 T O R R B IR B T 5 0000 B LR — By ok
S o A 1) AELA 00 14 I T U R0 0 0 4R g o T 0O R . AR TR
o Bl R T O AR Y AT SN [ RE B ST ME S AR AT HE R
GER L) BT RER R Fe . bR A R SRR T 1B AR S S
5 AN 5 B4 38 ) i R A8 AR A5 UM [ S 3T



1602

i b T AT SEIN S HLIME S5 AR R BT 15T 52 14 D5 5K A T
Pl i T LA BRSO T A () A A5 SR B b O R 2 5 0
T PR R 2 B0 R e 24 H e e AR 80 T LR UE A o AR
FEEE S S AE 5 AR BT 18] 5 J7 T B0 e PR 1 4R 3t T B S
Fio SHORBIME 5 AR ET I N A 45 B B HER A7 14 0 22 1Y
TLIF TR [ E » b 30 AR A 70 AR A A2 A6 915 LA B A T
S AU 2G5 5 11D Bk T 40 91 » 30k 4% 5 T ) S 2 A 0 [
FE A LA /b B I 22 BF SR TR A4, I Lk B AR [ 2
—FER A ROR

& % 3k

[1] Chastain CA, Eck JC, Hodges SD, et al. Transforaminal
lumbar interbody fusion: a retrospective study of long-
term pain relief and fusion outcomes[]J]. Orthopedics,
2007,30(5) :389-392.

[2] Rosenberg WS, Mummaneni PV. Transforaminal lumbar
interbody fusion: technique, complications, and early re-
sults[J]. Neurosurgery,2001,48(3) :569-574.

[3] Sim HB,Murovic JA,Cho BY,et al. Biomechanical com-
parison of single-level posterior versus transforaminal
lumbar interbody fusions with bilateral pedicle screw fixa-
tion: segmental stability and the effects on adjacent mo-
tion segments[ J]. ] Neurosurg Spine, 2010, 12 (6):700-
708.

[4] Park P,Garton HJ,Gala VC,et al. Adjacent segment dis-
ease after lumbar or lumbosacral fusion:review of the lit-
erature[ J]. Spine,2004,29(17) :1938-1944.

[5] Xue H,Tu Y,Cai M,et al. Comparison of unilateral ver-
sus bilateral instrumented transforaminal lumbar inter-
body fusion in degenerative lumbar diseases[ J]. Spine J,
2012,12(3):209-215.

[6] Hu XQ,Wu XL,Xu C,et al. A systematic review and me-
ta-analysis of unilateral versus bilateral pedicle screw fix-
ation in transforaminal lumbar interbody fusion[ J]. PLoS
One,2014,9(1) :e87501.

[7] Yang XM,Wang H,Zhao QL,et al. A comparison of uni-

FRES 2015 % 4 A% 44 55 120

lateral and bilateral pedicle screw fixation combined with
transforaminal lumbar interbody fusion for lumbar degen-
erative diseases [J]. Chin Med J, 2014, 127 (20): 3592-
3596.

[8] Schleicher P,Beth P, Ottenbacher A, et al. Biomechanical
evaluation of different asymmetrical posterior stabilization
methods for minimally invasive transforaminal lumbar in-
terbody fusion[ J]. J Neurosurg Spine, 2008, 9 (4): 363-
371.

[9] Chen HH,Cheung HH, Wang WK, et al. Biomechanical
analysis of unilateral fixation with interbody cages[]J].
Spine,2005,30(4) : E92-96.

[10] Yucesoy K, Yuksel KZ,Baek S, et al. Biomechanics of u-
nilateral compared with bilateral lumbar pedicle screw
fixation for stabilization of unilateral vertebral disease
[J]. ] Neurosurg Spine,2008,8(1) ;44-51.

[11] Kim TY,Kang KT, Yoon DH,et al. Effects of lumbar ar-
throdesis on adjacent segments: differences between sur-
gical techniques[J]. Spine (Phila Pa 1976),2012,37(17) :
1456-1462.

[12] Denoziere G, Ku DN. Biomechanical comparison between
fusion of two vertebrae and implantation of an artificial
intervertebral disc[J]. ] Biomech,2006,39(4) :766-775.

[13] E@A, & BT, 5. &4 505 B R MR
A R ITHTZE (). I R A B 28 &, 2010, 13 (6) : 700-
703.

[14] Bof® . 0 4 BESCIE 55 DA 18] Fl 5 J5 3 I X R 5 % A [
FEBRET N T A BROCHL B [T . th M U AR AT T . 2013,
17(9):1555-1562.

[15] Renner SM, Natarajan RN, Patwardhan AG, et al. Novel
model to analyze the effect of a large compressive follo-
wer pre-load on range of motions in a lumbar spine[J]. ]

Biomech,2007,40(6) :1326-1332.

e fs B #:2014-11-04 &8 H #5:2015-01-27)

(EH55 1598 B0
activates the cryopyrin inflammasome independent of Toll-
like receptor signaling[J]. Immunity, 2007 ,26(4) :433-443.

[11] Eugenin EA. Role of connexin/pannexin containing chan-
nels in infectious diseases[ ] ]. FEBS Lett, 2014,588(8):
1389-1395.

[12] Locovei S, Bao L, Dahl G. Pannexin 1 in erythrocytes:
function without a gap[J]. Proc Natl Acad Sci U S A,
2006,103(20) :7655-7659.

[13] Lai CP, Bechberger JF, Thompson RJ,et al. Tumor-sup-
pressive effects of pannexin 1 in C6 glioma cells[ J]. Canc-
er Res,2007,67(4) :1545-1554.

[147] Iglesias R,Dahl G,Qiu F,et al. Pannexin 1:the molecular
substrate of astrocyte “hemichannels” [J]. ] Neurosci,

2009,29(21):7092-7097.

Wi B #7:2014-08-28 &[] H 19 .2015-01-03)



