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Finite element analysis on transforaminal lumbar interbody fusion
treatment

ZHANG Wen', WANG Lan', SHI Qin'?, ZENG Zhao-xun*, YANG Hui-lin"?,

LUO Zong-ping' (1. Orthopaedic Institute of Soochow University, Suzhou 215006, China; 2. The First Affilia-
ted Hospital of Soochow University, Suzhou 215006, China)

Abstract: Objective To analyze the clinical feasibility of unilateral transforaminal lumbar interbody fusion ( TLIF)
for treating lumbar degenerative diseases by finite element method. Methods Based on CT scan data, three-di-
mensional (3D) finite element models of the normal L3-5 segments under physiological status ( intact lumbar
model) , L4/5 with unilateral pedicle screw fixation plus interbody fusion (unilateral TLIF model) and L4/5 with bi-
lateral pedicle screw fixation plus interbody fusion ( bilateral TLIF model) were established by using Mimics,
Pro/E, ANSYS software, respectively. Preload of 500 N and load of 10 N - m torque were applied on the superior
surface of the L3 segment to simulate 5 physiological activities: body upright, flexion, extension, left lateral ben-
ding and right axial rotation. The deformation and stress distributions in vertebral body, vertebral discs, pedicle
screw and cage under different loads were then recorded and analyzed to compare mechanical properties of the
two fixation methods. Results The deformation of L3-5 segments fixed with unilateral TLIF or bilateral TLIF de-
creased as compared to the intact lumbar model; the stresses in cage reached the maximum in both unilateral
TLIF model and bilateral TLIF model during back extension, meanwhile peak stresses on pedicle screws in unilat-
eral TLIF were significantly higher than those on bilateral TILF model, with the peak stress of 463.39 MPa during
back extension. Conclusions Unilateral TLIF can be selected as a method for treating lumbar degenerative dis-
eases; however, its stability was inferior to bilateral TLIF due to the higher peak stress. Therefore, less stretch
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exercises may be safe for patients during rehabilitation to avoid surgery failure or pedicle screw fracture.
Key words: Lower lumbar instability; Transforaminal lumbar interbody fusion ( TLIF) ; Interbody fusion ( cage) ;

Finite element analysis
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Fig.1 Solid model of the pedicle screws and cage
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Tab.1 Material properties for each part of the vertebrae

PR/ MPa HEL/N =A%

PSR 12 000 0.3
FA SR 100 0.3
MERZE AR 12 000 0.3
JE RS 3500 0.3

B 1 0.499
EE I3 4.2 0.45
RS 110 000 0.3
Hi ARl 110 000 0.3
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Fig.2 Vertebral body and 3D geometric model of TLIF (a) Intact lumbar model, (b) Unilateral TLIF model, (c) Bilateral TLIF model
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Fig.3 Deformation distribution on vertebral body under extension condition (a) Intact lumbar model, (b) Unilateral TLIF model, (c) Bilater-

al TLIF model
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Fig.4 Stress distribution on vertebral body under extension condition

model
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(a) Intact lumbar model, (b) Unilateral TLIF model, (c) Bilateral TLIF
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sion

HE= ARIRET 1 F1/MPa HE ) B F 25 197 77/ MPa

T B TLIF XU TLIF  BAf0) TLIF - XU TLIF
R e e e
BT 128.71 60. 56 318.09 109.51
T 172.29 140.31 271.34 196.17
JE 428.88 259.95 463.39 128.49
FEmias 119.60 204. 86 176.62 122.70
AT 166.98 101.46 306.73 141.91

SRR EYE

H1% 3 A, S TLIF A0 XU TLIF R 2 1
Jo ARSI BRET B (9 ) W fELA O, BN TLIF A5E7
(W 111K %1] 428. 88 MPa, M| TLIF #7015 A T
DU HR AT R 5 e PR 249 WA g U TLIF A
T e 5 AR ZS I I A7 5 g {0 463. 39 MPao XU
TLIF F8 EUA 5 RS SR ET R GE R HH 2w )
N 259.95 MPa, HAIPRAHR 2 o HE ] il 5 45 FIAE =



3, %EF BETEEINBEERSREENFRITSH

ZHANG Wen, et al. Finite element analysis on transforaminal lumbar interbody fusion treatment 409

HRIRET RGeS [ R AH . L) TLIF 4570 7 2R 25
SRl 345 R IV T W {E A /N, O 176. 62 MPas i XA
TLIF A5 5 75 B 57 I Fil 7 A 19 1 ) 08 (i fe /N,
109.51 MPa,

3 iFig

VR, I PR b S M A A O [B) il 5 22 R FH A
USRI A BRG] 2 VIR B /NS5 58
LA MERR , T HA rp il ok B8 2 1 1 Jog f 2 S LA el
SR — AR TR R TR A M AR e, oy —
TH] JRAT PR R A 5 47] 5 R A 2 AR A KU, o Ay i ke
X [)R, P A T e ) LR Rl [ 0y = 0
ETEDR B S B T AR s [ Hhy TS0 DIk
AN SO N T HEMRTR] RS E 1, T] I SCRER 2
AEARRESR .l T AR 2T 15 AR S H Al P R
FREZI , R PR % 2 A 1] FL B ME il 5 [ 5 1Y
FARGITAZFA G T Bz RGN W )2
g e,

ARSI A BRIT T R BEME TA/S 45 BeAT Zc Bt
M TLIF AU TLIF JE47 52 T3 5387, 45 2R Rk BAEA:
PR ASHE = Wl 5 SR AREAA S J7 25 v L ) 5B vp )R
L, FEJ5 AL g IR B . XU TLIF AR HE (A
J5 I7 BRI ) 2 VA B SRR T B TLIF A5
YR S T T 20 CHE = HRBRET ) , MEAR B 7 4317
FEAERIARRERRYE , 2R Dz s 7 . IS
PR (251 7 90 T 752 8 IO W A 2 A, T LA & B B
TLIF #5813 7 04 fie R o M ) il 5 4 7E A4 ] /5
AR FES 340 T HE S ARBRET AR g, 9D T HE S AR
WRET AT L, P IR 6 F R ARAS AT b R AR
Rt ENE, £75 Dennis = A HIS, IR YT T FEME
AR A ROTEE"

[FIE A SCUESE T TA/S 5 B TR = AR IR ET
[ 5 JITVAFE ] ol 5 85 AT R T A R e, MR T M il 5
AR ) B g0 o AELBUAMAE =5 AR MR [ o [] P I8 e
PN, XHAR 22 U B AR MERE R 1 28 38 SR Ui, TCE AR
] . 685 R AHE =5 AR E T X iR B M4

RPN AN [ (4 [ 5 54, 2 BRI TLIF 855
AW 1 E R R, AT DLR A R G YRS E 1, nIAE N
JEAHEAR AR P () — b [ 72 J7 vk s HZ O I AE AR
Ja BT AN A B R, AU DI BR BN /N 55 58 S
HEM , PR B T HEMRPRRE o (RIZ 5 1 I 1V ) (3%

HA S e XU TLIF BERY, 28 e P22 0l TLIF
FRTR 4587 BAIAE =5 AR [ e A Rl A5 DU 1) vl RE
BT RUMAE S AR E o PR T AR I ELE G MRS
IPARET b AU (EL XK, 37 R A A 1o P P O Dk
Pzl , LG A E P AR AIRE TR

JEA ROC T I R AE ) 2 W5 A
BOTEZ — B AREIR B 5 ARIE 207 H AR
ABFTEAEREA AN A A, xR A=)
PR T RARAL R RIS A AN T
MR RIS 45 2R 7 A — s R, (L A 14 A i
R REARGF OB AU T A, DA IR AR A I IR BB
FHERAE T BB HR 5

S Lk

[1] Dipaola CP, Molinari RW. Posterior lumbar interbody fu-
sion [J]. J Am Acad Orthop Surg, 2008, 16(3) : 130-139.

(2] SK3C, Bpaobk, 22, 45, JEOHEAT S0 A0 XU A 5 AR SR ET [
ERGH A RoT i [J]. BRI A J1 2, 2012, 27
(S): 98.

[3] JmgRS, BOENT, PRUEA:, 4. BT L5 805 BB E 1R )T I

HEAE S WelB R A FROC M [ J]. BEHI AR 3%, 2011, 26
(1): 63-68.
Gu XM, Jia LS, Chen XS, et al. Finite element analysis on
intra-segmental fixation and inter-segmental fixation for lum-
bar spondylolysis[ J]. J Med Biomech, 2011, 26(1): 63-
68.

[4] Ziti, £8, wilEar, 5. 200 =44 ROTE IR EE T
FARMERIELJ]. BERAEY 1%, 2013, 28(3) : 321-325.
Qin JS, Wang Y, Peng XQ, et al. Three-dimensional finite
element modeling of whole lumbar spine and its biome-
chanical analysis [J]. J Med Biomech, 2013, 28(3) . 321-
325.

[5] ZhouJ, Yang HL, Zhang W, et al. A simple intraoperative
position determination method during balloon kyphoplasty in
patients with osteoporotic vertebral compression fractures
and MIMICS 3-dimensional reconstruction evaluation to
transpedicular trocars channel and cement leakage [ J].
Bone, 2010, 47( Suppl 3) ; 454.

[6] 43&&, Hxlk, Aok, % AREM=46 R
AT 1 R PR SR AT PR (] AEEE T
FEefZeai, 2009, 26(1) ; 80-84.

(7] JBUBERE, BOEM, MR, 55, FEHEHES Wik =4 H B
BRI SR J]. B AEY J1%, 2010, 25(1) : 45-
50.

Gu XM, Jia LS, Chen XS, et al. Biomechanics of lumbar



410

EREMNE F29% FS5H

Journal of Medical Biomechanics, Vol. 29

2014 £10 A
No.5, Oct. 2014

[8]

[9]

[12]

[13]

[14]

spondylolysis: Finite element modeling and validation [ J].
J Med Biomech, 2010, 25(1) ; 45-50.

FIRA, REZ, WHB, 5. S M Bl = ARIRET N
B8 M Z4EA BT [J ] R EE R ZRa, 2006, 89(1) .
7-11.

Villavicencio AT, Burneikiene S. Bulsara KR. et al. Utility
of computerized isocentric fluotosmpy for minimally invasive
spinal surgical techniques [J]. J Spinal Disord Tech,
2005, 18(4) : 369-375.

Sethi A, Lee S, Vaidya R. Transforaminal lumbar inter-
body fusion using unilateral pedicle screws and a translami-
nar screw [ J]. Eur Spine J, 2009, 18(3) . 430-434.
Panjabi MM, Oxland TR, Yamamoto |, et al. Mechanical
behavior of the human lumbar and lumbosacral spine as
shown by three-dimensional load-displacement curves[ J].
J Bone Joint Surg Am, 1994, 76(3) : 413-424.

Markolf KL. Deformation of the thoracolumbar intervertebral
joints in response to external load. A biomechanical study
using autopsy material [J]. J Bone Joint Surg Am, 1972,
54(3): 511-533.

Virgin WJ. Experimental investigations into the physical
prop erties of the intervertebral disc [ J]. J Bone Joint Surg
Br, 1951, 33B(4) . 607-611.

Chen CS, Chen CK, Liu CL. A biomechanical comparison
of posterolateral fusion and posterior fusion in the lumbar

[15]

[16]

[17]

[20]

spine [J]. J Spinal Disord Tech, 2002, 15(1) : 53-63.
Kim Y. Finite element analysis of anterior lumbar interbody
fusion. Threaded cylindrical cage and pedical screw fixation
[J]. Spine, 2007, 32(23) : 2558-2568.

Harris BM, Hilibrand AS, Savas PE, et al. Transforaminal
lumbar interbody fusion. The effect of various instrumenta-
tion techniques on the flexibility of the lumbar spine [J].
Spine, 2004, 29(4) : 65-70.

K, WRITwz, JEAESC, S, =Dl R MEME AL RS AR
XUIHE 5 AR ET A 11 58 S5 A2 ) 0 2 L B SRR F e [ J ] B8
A S12#, 2007, 22(3) : 302-305.

Zhang F, Chen BQ, Ju JW, et al. Biomechanical compari-
son of the initial stability after anterior, posterior and transfo-
raminal interbody fusion with and without posterior pedicle
instrumentation [J]. J Med Biomech, 2007, 22(3) . 302-
305.

Phillips FM, Cunningham B. Intertransverse lumbar inter-
body fusion [J]. Spine, 2002, 27(2) . E3741.

Palmer S, Turner R, Palmer R. Bilateral decompression of
lumbar spinal stenosis involving a unilateral approach with
the microscope and tubular retractor system [ J]. J Neuro-
surg, 2002, 97(2 Suppl) : 213-217.

K3, MRRFS, HEde, & BT CT BIRW @i R A4
WA J ] TRMOR A . TR, 2009, 29(4) : 56-
58.



