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Abstract

BACKGROUND: Oblique lateral interbody fusion is an effective method for the current clinical treatment of lumbar degenerative diseases. However, the
treatment for postoperative lateral displacement of the cage has not been determined yet. Therefore, using finite element analysis to analyze the biomechanics
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Research Article

of different conditions after oblique lateral interbody fusion has become a choice for more and more researchers.
OBJECTIVE: To evaluate the effect of lateral displacement of cage on the lumbar biomechanics after oblique lateral interbody fusion with finite element

analysis, and to provide biomechanical basis for the treatment of this condition.

METHODS: A healthy male was selected to undergo lumbar CT scanning, and the scanning data were obtained. The three-dimensional finite element model of L;—Ls was
established by Mimics, Geomagic, SolidWorks and ANSYS Workbench software, and was set as normal control group. Oblique lateral interbody fusion Stand alone fixation
group (SA) and oblique lateral interbody fusion with bilateral pedicle screws fixation group (BPS) were established. According to the degree of Cage displacement, the SA
group was divided into five groups: the cage non-displaced model (SA,), the midpoint of the right edge of the cage shifted to the right 1/8 point (SA,), 2/8 point (SA,), 3/8
point (SA,), and 4/8 point (SA,) of the transverse diameter of the upper endplate of L. On the basis of SA grouping, the models with bilateral pedicle screws were BPS,,
BPS,, BPS,, BPS, and BPS,, respectively. The same loading conditions were applied to different models to simulate the flexion, extension, lateral flexion and rotation of the
spine. The range of motion of the lumbar spine and the stress peak of the cage and screw-rod system were observed under different working conditions.

RESULTS AND CONCLUSION: (1) The range of motion of SA,, SA, and SA, was lower than that of normal control group in different motion states, while the range of
motion of SA; and SA, was greater than that of normal control group in extension and right flexion states. (2) Under different conditions, the range of motion and the peak
stress of the cage in the SA group and the BPS group were increased with the increase of the lateral distance of the cage. (3) When the cage was in the same position, the
activity and the peak stress of the cage in all states in the BPS group were lower than that in the SA group. (4) In each state, the peak stress of the screw and rod system

in the BPS group was BPS, < BPS, < BPS, < BPS, < BPS,. (5) It is concluded that when the left side of the cage was displaced after oblique lateral interbody fusion stand
alone, the range of motion of the lumbar spine and the stress peak of the cage in various states were gradually increased with the increase of the displacement distance,
showing a tendency of spinal instability. On this basis, combined with bilateral pedicle screw fixation, better biomechanical stability of the lumbar spine can be obtained.
Key words: oblique lateral interbody fusion; cage displacement; range of motion; finite element analysis; biomechanics
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1 #EFI7SE Materials and methods
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Figure 1 | Three-dimensional geometric model of each part
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Figure 2 | Different degrees of cage displacement
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Figure 3 | Finite element models of SA, and BPS,
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Table 1 | Material properties of the finite element model

g FPE R (MPa) TARALEL
R R E 12 000 0.3
FA 100 0.2
2R 1000 0.2
KT A 24 0.4
EARZiEaN 4.2 0.45
#lR% 1 0.499
EIEN kG 7.8 0.3
EEN kG 10 0.3
e IRk 10 0.3
B 15 0.3
) ) Al 10 0.3
kA 8 0.3
KRB 7.5 0.3
ETHE 110 000 0.3
R ok Tk el ik 5 4 3600 0.3

1.45 R0 R BIRLA R A SRR E KT AR
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2 Z58 Results
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i JE AN U R AR AL B2 ot SA, B SAG ML, ZETT R IZ3)
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3 iif Discussion
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Figure 4 | Comparison of range of motion between the complete model and other experiments

BPS, ([ BPS, =3 BPS, [ BPS; =3 BPS,

Lo WESIEE ()

FETE: SA A9 ARSI 1)l 2 57 il 2 8 52 B, BPS et SO 1] 2 H ﬂmﬁ%ﬁﬁ%lm
B, AR cage B RLARREAS SA ULAIASY : cage TERE RLBITY (SA). cage #14Hh RS (% Ly |-
SRR AT 1/8 £ (SA)s 2/8 £ (SA)\ 3/8 A1 (SA). 4/8 4 (SA): 7E SA SM4LIETI b, Wk 4T
[ 52 (FBE% 43 59 BPS,. BPS,. BPS,. BPS,. BPS,. [ A NIEH XIA4L (M,) Al SA ALBIRI7E A
FEEIRA FHY Lo BN o B g BPS MBI TE R RIZ IR A F Y Los WEBIIE

BS5 | SRERNBHEENE

Figure 5 | Lumbar range of motion in each group
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Figure 6 | Stress peak of the cage in each group of models
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Figure 7 | Stress peak of the screw and rod system in oblique lateral interbody fusion with bilateral
pedicle screws fixation group

5304 | DEHRTIEHR | 5525% | 5338 | 2021F118



G TR E FEUIMESS L 2 0. TR AT DA K AR I
T BGRAE L AR TR R R R . FARITBA A
AMESZAR 1) %, OLIF Stand alone A Ji5 A g2 IR & 2%
RSt e ™ 2 SR FUNIBAYASHI 25 12 37 56 A 4 ) 4k )
fil & AR R AE RS AR AL IR RN 0.3%, SRIMTIX — A BT AN B
WA, HBk, BERWFICRH Lo TTEE N TFERTE, &
#T OLIF Stand alone A Ji5 cage A [F] 42 FE2 1) 7% % JEHE A= /) 2
(Y52 LA B BB DU 5 MR T [ F 2SR

M BR IG5 #7145 J mT LLA3 A1, OLIF Stand alone(SA,) 7F
Rl 5 AR MRS N, IS ES/NT IEF AR, X5
BENBF SR8 — 50 =7 FREE RS T, SA, T 3h
INFIER XTI, 31X 5 REIS & W IIE B0 %
AR LT RN ENNER G g5 0, HaTblgft 2
W INIEE, (ERIZIRAS TR TR BIESIE, M
YeRpE R R R e s [RIFE SA, T SA, 7E 6 FIIZBIPIRAE NI
T ) 5N F R 6 B2 . PE 35 1A OLIF Stand alone il
BWMAGTH BT L ERRBEES 1/4 SE, FARBA
P As e e e, AT ] BLE— 2B HEWT 7E OLIF Stand alone A
Je I R BE Uy FE e, R IS ABLI 81 v 2 R 4k 4 e M R A
T SERIEAT FR T . IX 55 TOWERS 25 8 3 3 1) 995 191 45
FRAL, HBEAT Lys 1 Ly BUHTBOMOT LLUF, K5 3 4 H
HERI L, S8 MBL 25%, ST ERARER, &
WM TIRTT, VAERNIM UG s R REems, K
1 TOWERS 25 P81 $8 6k T E IR 1) fil 45 2% 000 8% 5825 ] DAAR
SFYRIT, O EAT RS TR Tk 5T SA, TE JE A DL
T SA, T J& At AN A A JE PR A5 10 3 3 B2 350 K JE 8 5 IR,
KRR, ZARANMMEH/OGP SBAET L F244K
MR 1/4 S0, BHEAAEREBE, EEIANENFAR
TV ER. £ 6 MIgsIRE R, SA 4H1 BPS 4 [1)i% )
FE AR T 22 8 R 2% 1m0 2 O o7 P 5 1) 448 o v 2 B b T
e, U CARTE AT AR B R, X R BE S A A RS BE
BRI, B A R AR (1 B ful T RO, A TR A )
SEREVE DO . METR BRAS T AR O MG 2 i T — B
i, BPS 417F 6 FhizsiRAE FiGshE /N T SA 4, X—45 %
I OLIF BEA XUIMIAE 5 4T Fe RG M EZEE, RIn] LUNAEHE
TEENIR AL RSN, HERER R E .

W, FERGIE. SR, EANJE. A TREZEE)
AN, SA LA BPS 2 &5 25 B 77 e B A AR A e 35— 2,
P 5 T 2 A 7 B 8 A 38 ity I T A . TR AR A
SCHR A SR, R T T T % ) 4 i AR5 S A 118 MIPa,
Fir A JiE IR 5 N 96.9 MPa®®, K| SA,. SA,. BPS,. BPS, FlI
BPS, 7 AN [A1IZ BlIR 45 T il £ 35 11 B 77 V& AF 35 /1 F 8 AR5t
[Zo HMARJGEE A G S E L B EA 1/8 i,
Rl 45 AT H LB 2 B 5 £, $ 7R 7E OLIF Stand alone R
JE R B () R B AL A2 v ARG RS2 100 1T SA, RillG 2% B 7 U
18 > SETORTEBH b 2 2% 8 IR SR 7 >BPS, Fil& B8 R Jy s, X —
HI R EARB S BBAE L EERMAL 1/4 5, R

T Tk B 2% 114 ) ST A5 ) J 6 0L A 5 AR T e [ A2 T AT 1
BT B PN [ 52 AT A4y H A 8% B ) O 38 4 N 1B . SAS.
SA,. BPS, fll BPS, /. — Iz BRAS N Rl& 2% B0 (E K T 3
JEARGRSE, XRMEA A ST SR L AR
i 1/4 g, NI TAEd, AT RE S RS # AR AL
Far R A . BRI AR & AL IE DL N B e @ i 2, JF
B I B SUIAME = &T R e, wIE N BRI —Fiia T
B, 1E U0 DAFFNER 25 B30 38 (R ], f 57 Lo 19 BOAT I
AMIHE ) R -25 4 DL 2% ME 5 AR AR S 14 H H BB AR
H B A Ra &2 50%, TR KHIm A 88 A
MR [ 78 2 J R R i -

U W 9 BT %1, BPS,. BPS,. BPS,. BPS, 7F i i I 4T
P RGN VEAE F K, T BPS, 7 6 FPIZ BPIRAS T~ BAA e
AT RGN VA B K, X — IR R 24 R M A 5] fi
HEARB ARG RN, FIET R G R W E 7R AT
JEARAS TR IR oK BEE MRS R, e
) e BRSNS B e R, o BB R JiE L R D i
AN S TG B i, G R A A AR R RO TAET

B IR IC A HTE R T B A 10 E AR i 2 3
EAZAS A Hi G5 L B FEHE 55 UL LE P 1 A I HEAS Y, L
PRI 5 JE R R 2 2350 8 Rk A 70 2 A R AL . LI
ANE ) EERRE R A AR R, R TR VPl
H R ELRA R D B BT R AR . R EL, A AR A A
NI 5, AR RE I BOR AR AR B 55 AR ek

MASK B, 4 OLIF Stand alone Fili & 88 45 Z¢ b S U7 &
Ly R AT 1/8 pait, AU [ REARE VG Bl 5 /N T 1E 8 X
A, 7 B A 3 R Rl G 2 S VM S SA AT, %A
BN R E, FIHRAATFRT M. Wi Sm &84 %+
MFEE L LR 1/4 SN, FEMEIE S0 /N T 1E 5 6 18
41, BPS, Al 2% N IR /N T SR Bk BENA fl A 25 0 IR SRS, %5
FETE AN Kb 2 B 4 1) ) B S FH DU A =5 AR AT # il s, RPD
ALk N . MG AR A SR R L &R R
A5 1/4 piit, AR I — R A S AR R R 28 B S R
WG 2 RN Bl S8 AT T, IFICA S BRI 5 £ B [
EAERMNZ, KRS AR A R et ik —FE, &
LS RANEY) J 12 SRR Bh ) s e 4 i A AT, Wt
gE FARAE N TR D 1% 575, 155 RN IR B
R HR g & HAM SR R A% .

2R LRATI&, 4 OLIF Stand alone A J& & AL fili & 2% 7o N %
Rris, EANFEIZPIRE T, WAL 2 AN fhA 35 1 R 0
A 1 YA AT R B PR N T R K, DA R A
AN, AR RRR R 7R IR A XU
ME S ARET I 58, P CASRASHIR AT B EME 2R ) ) 2R e

BUgt: Al HER AR TR YA T RS L Al
ikt HABKE. SATEARE SERIF. R ENGH B,

VEETE: AR T EROME. FAPEARATIES, BRA.
B FEF G TR AR 69, R, TR R STF R,

Chinese Journal of Tissue Engineering Research | Vol 25 | No.33 | November 2021 | 5305



Research Article

BEIHE: ULFELT L ARAFELLHAA
(201801D121220)” 44K Bh. FiAtE£ A8, 2% X BEA Hrh L
T B AT AR A B R Gt oA A LR

FIEHZE: LFaa3Ed Ao, ERAARALFRE T,
AR B R,

MBRIEBRIE: ZAA T LN FRGS (HRFAZETY LB
EAKFH ZERMARGADEEER (ERAEIE S 2020VX 5
128 5, FHLATIE]: 2020-11-24),

MBERZCM: SEF ARAMER, M ERIRLTLLFRE,
HEET “pHREH” .

S{EeRE: MR ETEREFHTGHEER S (AR LR L
PBAEAEF T %S LR IRFHALY .

NEBEE LFHMA 2T+ LRI 5 Lk A %HT3REE,

NEINE: LFZDRATINT ERRGINT, FATFBOAA LFEH
SHALBEE.

XER: L F AT & O 5 AREH AL E T s X W
W+,

FFRGREUERR: X2 — BRI, RIE (Gitst Z5T i)
“Fa - AEW AR - AR REF 407 o, ESEIIAGKFIT,
AFAAVLIE T LW B R F RN SR, AT &, B AT
TR PR, TR HN. #3790, k. BAKB Ik, HHh
Z I &5, ARG ASIER L TR AR,

4 =#Eik References

[1]  SILVESTRE C, MAC-THIONG JM, HILMI R, et al. Complications and
Morbidities of Mini-open Anterior Retroperitoneal Lumbar Interbody
Fusion: Oblique Lumbar Interbody Fusion in 179 Patients. Asian Spine J.
2012;6(2):89-97.

[2] MEHREN C, MAYER HM, ZANDANELL C, et al. The Oblique Anterolateral
Approach to the Lumbar Spine Provides Access to the Lumbar Spine
With Few Early Complications. Clin Orthop Relat Res. 2016;474(9):
2020-2027.

[3]  ABBASI A, KHAGHANY K, ORANDI V, et al. Clinical and Radiological
Outcomes of Oblique Lateral Lumbar Interbody Fusion. Cureus. 2019;
11(2):e4029.

[4] KRAIWATTANAPONG C, ARNUNTASUPAKUL V, KANTAWAN R, et al.
Malposition of Cage in Minimally Invasive Oblique Lumbar Interbody
Fusion. Case Rep Orthop. 2018;2018:9142074.

[S]  CHUNG NS, LEE HD, JEON CH. Accuracy of the lateral cage placement
under intraoperative C-arm fluoroscopy in oblique lateral interbody
fusion. J Orthop Sci. 2018;23(6):918-922.

(6]  FSER, FEAT . TR JT NP EHE 8] b5 A R 1 LA 17 8 ().
F AR A 2 &, 2018,28(5):385-388.

[7] LU J, DING W, YANG D, et al. Modic Changes (MCs) Associated with
Endplate Sclerosis Can Prevent Cage Subsidence in Oblique Lumbar
Interbody Fusion (OLIF) Stand-Alone. World Neurosurg. 2020;138:
e160-e168.

(8] LIU X, MA J, PARK P, et al. Biomechanical comparison of multilevel
lateral interbody fusion with and without supplementary
instrumentation: a three-dimensional finite element study. BMC
Musculoskelet Disord. 2017;18(1):63.

9] ZENG ZY, XU ZW, HE DW, et al. Complications and Prevention Strategies

of Oblique Lateral Interbody Fusion Technique. Orthop Surg. 2018;

10(2):98-106.

LU T, LU Y. Comparison of Biomechanical Performance Among

Posterolateral Fusion and Transforaminal, Extreme, and Oblique

Lumbar Interbody Fusion: A Finite Element Analysis. World Neurosurg.

2019;129:890-e899.

XU H, JUW, XU N, et al. Biomechanical comparison of transforaminal

lumbar interbody fusion with 1 or 2 cages by finite-element analysis.

Neurosurgery. 2013;73(2 Suppl Operative):s198-s205,5205.

(10]

(11]

5306 | PEHERTIEHR | 5525% | 5338 | 2021F118

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

REIS MT, REYES PM, ALTUN |, et al. Biomechanical evaluation of lateral
lumbar interbody fusion with secondary augmentation. J Neurosurg
Spine. 2016;25(6):720-726.

LV QB, GAO X, PAN XX, et al. Biomechanical properties of novel
transpedicular transdiscal screw fixation with interbody arthrodesis
technique in lumbar spine: A finite element study. J Orthop Translat.
2018;15:50-58.

NATARAJAN RN, WATANABE K, HASEGAWA K. Biomechanical Analysis
of a Long-Segment Fusion in a Lumbar Spine-A Finite Element Model
Study. J Biomech Eng. 2018;140(9).doi:10.1115/1.4039989.

LI QY, KIM HJ, SON J, et al. Biomechanical analysis of lumbar
decompression surgery in relation to degenerative changes in the
lumbar spine- Validated finite element analysis. Comput Biol Med.
2017;89:512-519.

YAMAMOTO |, PANJABI MM, CRISCO T, et al. Three-dimensional
movements of the whole lumbar spine and lumbosacral joint. Spine
(Phila Pa 1976). 1989;14(11):1256-1260.

SHIM CS, PARK SW, LEE SH, et al. Biomechanical evaluation of an
interspinous stabilizing device, Locker. Spine (Phila Pa 1976). 2008;
33(22):E820-E827.

WANG HW, HU YC, WU ZY, et al. Minimally Invasive Transforaminal
Lumbar Interbody Fusion and Unilateral Fixation for Degenerative
Lumbar Disease. Orthop Surg. 2017;9(3):277-283.

JIN C, JAISWAL MS, JEUN SS, et al. Outcomes of oblique lateral
interbody fusion for degenerative lumbar disease in patients under or
over 65 years of age. J Orthop Surg Res. 2018;13(1):38.

OHTORI S, ORITA S, YAMAUCHI K, et al. Mini-Open Anterior
Retroperitoneal Lumbar Interbody Fusion: Oblique Lateral Interbody
Fusion for Lumbar Spinal Degeneration Disease. Yonsei Med J. 2015;
56(4):1051-1059.

OHTORI'S, MANNOII C, ORITA S, et al. Mini-Open Anterior
Retroperitoneal Lumbar Interbody Fusion: Oblique Lateral Interbody
Fusion for Degenerated Lumbar Spinal Kyphoscoliosis. Asian Spine J.
2015;9(4):565-572.

HE W, HE D, SUN Y, et al. Quantitative analysis of paraspinal muscle
atrophy after oblique lateral interbody fusion alone vs. combined with
percutaneous pedicle screw fixation in patients with spondylolisthesis.
BMC Musculoskelet Disord. 2020;21(1):30.

KRETZER RM, MOLINA C, HU N, et al. A Comparative Biomechanical
Analysis of Stand Alone Versus Facet Screw and Pedicle Screw
Augmented Lateral Interbody Arthrodesis: An In Vitro Human Cadaveric
Model. Clin Spine Surg. 2016;29(7):E336-E343.

FUJIBAYASHI S, KAWAKAMI N, ASAZUMAT, et al. Complications
Associated With Lateral Interbody Fusion: Nationwide Survey of 2998
Cases During the First 2 Years of Its Use in Japan. Spine (Phila Pa 1976).
2017;42(19):1478-1484.

GODZIK J, MARTINEZ-DEL-CAMPO E, NEWCOMB A, et al. Biomechanical
Stability Afforded by Unilateral Versus Bilateral Pedicle Screw Fixation
with and without Interbody Support Using Lateral Lumbar Interbody
Fusion. World Neurosurg. 2018;113:e439-e445.

DOULGERIS JJ, AGHAYEV K, GONZALEZ-BLOHM SA, et al. Biomechanical
comparison of an interspinous fusion device and bilateral pedicle screw
system as additional fixation for lateral lumbar interbody fusion. Clin
Biomech (Bristol, Avon). 2015;30(2):205-210.

FOGEL GR, PARIKH RD, RYU SI, et al. Biomechanics of lateral lumbar
interbody fusion constructs with lateral and posterior plate fixation:
laboratory investigation. J Neurosurg Spine. 2014;20(3):291-297.
TOWERS WS, KURTOM KH. Stand-alone LLIF Lateral Cage Migration: A
Case Report. Cureus. 2015;7(10):e347.

CHEN JF, LEE ST. The polymethyl methacrylate cervical cage for
treatment of cervical disk disease Part Ill. Biomechanical properties.
Surg Neurol. 2006;66(4):367-370,370.

DAFFNER SD, WANG JC. Migrated XLIF cage: case report and discussion
of surgical technique. Orthopedics. 2010;33(7):518.

( FiE%i%E: GD, ZN, ZH)



