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Abstract: Objective To study the biomechanical influence of posterior laminectomy with varying extent on adja-
cent segment after lumbar interbody fusion. Methods Three finite element models of lumbar posterior fusion
were developed based on the validated intact lumbar model. These models were. posterior fusion with bi-lateral
incision of facet joint ( Bi-TLIF) , inferior partly incision of laminar ( PLIF) ,total laminectomy (LAM-PLIF). The
range of motion (ROM) , intradiscal pressure (IDP) , facet joint contact force ( FJF) of adjacent segment of fu-
sion models under various loading were compared with the intact model. The follower load of 400 N under
7.5 N-m torque was exerted on superior endplate of L1 segment. The 6-DOF ( degree of freedom) of sacroiliac
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joint surface was constrained during loading. Results

During flexion, obvious biomechanical changes of superior

adjacent segment (L3-4) were found in Bi-TLIF, PLIF, LAM-PLIF surgery groups. Compared with the intact
model, the ROM in Bi-TLIF, PLIF, LAM-PLIF group increased by 1. 0%, 9. 3%, 24. 5%, respectively, while IDP in
the above fusion groups increased by 1. 4%, 4. 3%, 10. 0%, respectively. These changes were not obvious in other

postures. For FJF, the Bi-TLIF and PLIF group showed obvious increasing effect on L3-4 segment, while almost

had no effect on L5-S1 segment. Conclusions Laminectomy increased ROM, IDP and FJF of adjacent segment

(‘especially superior adjacent segment) after posterior lumbar fusion, which might increase the risk of adjacent

segment degeneration. This biomechanical effect was more obvious with the increase in incision range of lami-

nar. Therefore, preserving more posterior complex during decompression has a positive effect on preventing ad-

jacent segment degeneration (ASD) following lumbar fusion surgeries.

Key words: laminectomy; lumbar interbody fusion; adjacent segment; finite element model
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Fig.1 Finite element models of normal/fusion lumbar spine and cage (a) Lateral view of cage, (b) Implantation of cage, (c) Intact and

fusion models of lumbar spine
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Tab.1 Material properties and element information of the model
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Fig.2 Components of the model and loading-boundary conditions
(a) Loading-boundary conditions, (b) Intervertebral disc,

(c¢) Vertebrae and posterior elements
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Fig.3 IDP at adjacent segments of intact and fusion lumbar spine models in different postures
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%%ifﬁk instrumentation. Evaluation by computed tomography and

1] BARBAGALLO GMV, VINCENZO A, RAICH AL, et al. an.nual .screenlng with magnetic resonance imaging [ J].
Lumbar lateral interbody fusion ( LLIF). Comparative ef- Clin Spine Surg, 2(_)]6’ 209): 44_12-451' ]
fectiveness and safety versus PLIF/TLIF and predictive [13] TANG S. Comparison of posterior versus transforaminal

lumbar interbody fusi ing finite el t lysis: Influ-
factors affecting LLIF outcome [ J]. Evid Based Spine umbar nterbody fusion using tinile element analysis: nfu

ence on adjacent segmental degeneration [ J]. Saudi Med
Care J, 2014, 5(1) . 28-37.

J, 2015, 36(8) : 993-996.

[ 2] HARRIS BM, HILIBRAND AS, SAVAS PE, et al. Transfo-

. ) . . . [14] CHEN CS, FENG CK, CHENG CK, et al. Biomechanical
raminal lumbar interbody fusion; The effect of various in-
. . L analysis of the disc adjacent to posterolateral fusion with
strumentation techniques on the flexibility of the lumbar ) . . . .
) ) laminectomy in lumbar spine [ J]. J Spinal Disord Tech,
spine [J]. Spine, 2004, 29(4) : 65-70. 2005 18. 5865
[3] CRAIG HUMPHREYS S, HODGES SD, PATWARDHAN N o o ' U ‘ N
) ) . [15] XUREAR, E5eHY, Munv. TR SLE P HE AR BB N )2
AG, et al. Comparison of posterior and transforaminal ap- ) o . N
, , , SRR AT RIS [ ], BE AR 12, 2016, 31(1)
proaches to lumbar interbody fusion [ J]. Spine, 2001, 26 4549
5): 567-571. )
(5): LIU YD, MAO JS, YANG LP. Character of stress distribu-
[4] YANDL, PEI FX, LI J, et al. Comparative study of PILF . )
tions on vertebral cancellous bone in lumbar burst fracture .
d TLIF treatment in adult d ti dylolisthesi
an reaiment in adutt degenerative spondylolisthesis A finite element study [J]. J Med Biomech, 2016, 31(1):
[J]. Euro Spine J, 2008, 17(10) . 1311-1316. 4549
5 ZHANG Q, YUAN Z, ZHOU M, et al. A comparison of - e e D e

5] , , _ P [16] HSRE, Zfafh, XIMESE, %5 BESDERAT A EHEN 1 B

posterior lumbar interbody fusion and transforaminal lum- SIS B2 2017, 32(4) 363368

157 . ¥, s : =308,
bar interbody fusion: A literature review and meta-analysis DU CF. LI JW. LIU HY. Effect of follower load on facet
[J]. BMC Musculoskelet Disord, 2014, doi: 10.1186/ joint contact force of lumbar spine [J]. J Med Biomech,
14712474 - 15-367. 2017, 32(4) : 363-368.

[6] SIMHB, MUROVIC JA, CHO BY, et al. Biomechanical [17] Afhil. T, B S TLIF A b i 2 AT R A

comparison of single-level posterior versus transforaminal Al R G TR T AT [J]. BE AR 122, 2017, 32
4 1 M . ~ - 3 )

lumbar interbody fusions with bilateral pedicle screw fixa- (5): 415421

tion. Segmental stability and the effects on adjacent mo- YU WB, WANG J, LIANG D, et al. Finite element analy-

tion segments [ J]. J Neurosurg Spine, 2010, 12(6) ; 700- sis on the optimal unilateral pedicle screw-implanted angle

708. and cage position for TLIF surgery [J]. J Med Biomech,

[7] XUH,JUW, XU N, et al. Biomechanical comparison of 2017, 32(5) ; 415-421.
posterior lumbar interbody fusion and transforaminal lum- 18] DUC, MO Z, TIAN S, et al. Biomechanical investigation
bar interbody fusion by finite element analysis [ J]. Neuro- of thoracolumbar spine in different postures during ejection
surgery, 2013, 72 (1 Suppl) : 21-26. using a combined finite element and multi-body approach

[ 8 ] SOUKANE DM, SHIRAZIADL A, URBAN JPG. Investiga- [JJ Int J Nume Method Biomed Eng, 2014, 30 ( 11 >:
tion of solute concentrations in a 3D model of intervertebral 1121-1131.
disc [J]. Eur Spine J, 2009,18 (2) : 254-262. [19] DU CF, YANG N, GUO JC, et al. Biomechanical re-

[9] PARKP, GARTON HJ, GALA VC, et al. Adjacent seg- sponse of lumbar facet joints under follower preload: A fi-
ment disease after lumbar or lumbosacral fusion: Review nite element study [ J]. BMC Musculoskelet Disord, 2016,
of the literature [ J]. Spine, 2004, 29 (17): 1938-1944. doi: 10. 1186/512891-016 — 0980-4.

[10] HARROP JS, YOUSSEF JA, MALTENFORT M, et al. [20] DU CF, GUO JC, HUANG YP, et al. A new method for
Lumbar adjacent segment degeneration and disease after determining the effect of follower load on the range of mo-
arthrodesis and total disc arthroplasty[ J]. Spine, 2008, 33 tions in the lumbar spine [ C]//Proceedings of World Con-
(15): 1701-1707. gress on Medical Physics and Biomedical Engineering. To-

[11] WAI EK, SANTOS ER, MORCOM RA, et al. Magnetic ronto; [s.n. ], 2015; 326-329.
resonance imaging 20 years after anterior lumbar interbody [21] VADAPALLI S, SAIRYO K, GOEL VK, et al. Biomechani-

[12]

fusion [J]. Spine, 2006,31(17) ; 1952-1956.
IMAGAMA S, KAWAKAMI N, KANEMURA T, et al. Radi-
ographic adjacent segment degeneration at five years after

cal rationale for using polyetheretherketone ( PEEK) spac-
ers for lumbar interbody fusion-A finite element study [ J].
Spine, 2006, 31(26) : 992-998.



HRES,%. HRVIBRXEER A GMETRENNFHZN
HUANG Yunpeng, et al. Biomechanical Effect of Laminectomy on Adjacent Segment after
Lumbar Interbody Fusion 571

(22]

[23]

ASANO S, KANEDA K, UMEHARA S, et al. The me-
chanical properties of the human L4-5 functional spinal unit
during cyclic loading. The structural effects of the posterior
elements [J]. Spine, 1992, 17 (11); 1343-1352.

MIN JH, JANG JS, JUNG BJ, et al. The clinical charac-
teristics and risk factors for the adjacent segment degener-
ation in instrumented lumbar fusion [ J]. J Spinal Disord
Tech, 2008, 21(5) : 305-309.

BRA, AEA 5 BB HER] Al A A X 48 Bl AR 19 5%
m[J]. HHAMEHRE, 2011, 9(2) : 83-87.

KETTLER A, SCHMOELZ W, KAST E, et al. In vitro sta-
bilizing effect of a transforaminal compared with two poste-
rior lumbar interbody fusion cages [ J]. Spine, 2005, 30

[26]

[27]

[28]

(22) . E665-E670.

AMES CP, JR AF, CHI J, et al. Biomechanical compari-
son of posterior lumbar interbody fusion and transforaminal
lumbar interbody fusion performed at 1 and 2 levels [ J].
Spine, 2005, 30 (19) : 562-566.

XU H, JUW, XU N, et al. Biomechanical comparison of
transforaminal lumbar interbody fusion with 1 or 2 cages by
finite-element analysis [ J ].
Suppl) : 198-205.

XIAO Z, WANG L, GONG H, et al. Biomechanical evalu-
ation of three surgical scenarios of posterior lumbar inter-

Neurosurgery, 2013, 73 (2

body fusion by finite element analysis [ J].
Online, 2012, 11(31): 1-11.

Biomed Eng





