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The effect of different types of laminectomy on biomechanical characteristics of BioFlex system/LI
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[Abstract] Objectives: To investigate the effect of different type of laminectomy on the biomechanical
characteristics of BioFlex system by using finite element method. Methods: The normal L3-L5 geometry
model was established by three—dimensional reconstruction software Mimics 10.01 and the BioFlex system ge-
ometry model was established by reverse engineering software ProE, and were assembled according to surgery
and imported into ANSYS Workbench 14.0 finite element analysis software to establish four different types of
laminectomy in finite element models, which included Intact(INT), I4-L5 laminectomy + 1/2 facet joint re-
moval + Bioflex(MF-BF), 14-L5 laminectomy + total facet joint removal + Bioflex(TF-BF), 14-L5 laminecto-

my + discectomy + Bioflex(D-BF). All models were loaded under 1200N to simulate different spinal motions
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(flexion, extension, lateral bending and rotation) with torque 8, 8, 6, and 4Nm, respectively. The range of
motion (ROM)

segment were measured and analyzed.

at fixed and adjacent segment, the annulus stress and facet contact force (FCF) at adjacent

Results: The ROM at fixed segment decreased dramatically after
laminectomy and placing of BioFlex system compared with INT group(P<0.05), and the ROM of TF-BF group
decreased up to 77.2% in flexion and the ROM of MF-BF group decreased up to 37.4%, 67.2%, 83.1% in
extension, lateral bend, and rotation respectively; while the ROM at adjacent segment increased obviously
compared with INT group (P<0.05), the ROM of MF-BF group increased up to 22.9% in flexion,

ROM of TF-BF group increased up to 18.2%, 32.1% in extension, lateral bend respectively and the ROM of

and the
DF-BF group increased up to 13.8% in rotation. The change of ROM at fixed and adjacent segment were
little under different type of laminectomy, there was no significant differences between groups of MF-BF, TF-
BF and DF-BF (P>0.05).

laminectomy and placing of BioFlex system,

The annulus stress and FCF at adjacent segment dramatically increased after
which had significant difference compared with INT group (P<
0.05). The FCF of TF-BF group increased up to 81.6%, 77.3% in extension, rotation respectively, and the
FCF of DF-BF group increased up to 60.5% in lateral bend. The annulus stress of DF-BF group increased

63.5%, 513% in

The change of FCF and annulus stress at adjacent segment was little

up to 46.6% in flexion and the annulus stress of MF-BF group increased up to 11.8%,
extension, lateral bend and rotation.
under different type of laminectomy, there was no significant differences between groups of MF-BF, TF-BF
and DF-BF(P>0.05). Conclusions: The ROM at fixed segment significantly decreases after placing of Bioflex
The different type of laminectomy has

system, while the ROM at adjacent segment increases obviously.

insignificant influence on the ROM at fixed segment and adjacent segment after placing of Bioflex system.

The annulus stress and FCF at adjacent segment significantly increases after placing of Bioflex system,

there

is no significant influence on the annulus stress and FCF at adjacent segment with different type of

laminectomy.
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Figure 1 The finite models of [4-L5 different type of laminectomy after implanting BiokFlex system(a MF-BF model, b
TF-BF model, ¢ D-BF model)
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Table 1 Material properties of finite models

=
Heh e AL WK S I
Structural parts Tissue component Component type o dulus%Mpa) Poisson ratio
; 1,
Veﬁ%ifral Cor%cz)? ?Jone solid187(Isotropic) 12,000 0.29
A i A
Canczﬂniﬁu f bone solid187(Isotropic) 450 0.29
N
Faéi‘fo‘ilﬁﬁi*nﬁage solid186(Isotropic) 10.4 0.4
IR IF1) 28 EgER2Sint . .
Lumbar disc Cartilage endplate solid187(Isotropic) ! 0.499
Nucleu‘iﬁﬁlposus solid187(Isotropic) 4.2 0.45
438 ‘
Annulus fibrosus two—node truss 110 0.3
)4 Ligaments AL Soft tissue combin39(nonlinear) 1.0 0.499
[l R 4¢ Bioflex spring solid186(Isotropic) 75000 0.3
Fixed Systems Bioflex screw solid187(Isotropic) 110000 0.3
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Figure 2 The stress distribution nephogram in different finite model (a the stress distribution nephogram at vertebral

body, b the stress distribution nephogram at facet joint, ¢ the stress distribution nephogram at nucleus pulposus)
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x2 AEHERBERREYEE TR (L4YS) REST R (L3/4)EEENELRER
Table 2 The comparison results of the ROM at the L4/5 and L3/4 segment in vertebral models

under different type of laminectomy

EHRE o 1y rom o IO s row |, RIS simane
State of motion Model (deg) (%) (deg) (%) (deg)
INT 4.8£0.022 100% 5.70.017 100% 10.81
FOR MF-BF 5.9+0.031" +22.9% 1.50+0.011% -73.7% 741
Flexion TF-BF 5.820.024% +20.8% 1.300.0377 ~77.2% 7.07
D-BF 5.5:0.0177 +14.6% 1.60£0.0097 ~71.9% 7.09
INT 4.420.031 100% 3.9+0.023 100% 8.26
& i MF-BF 5.020.0217 +13.7% 1.4620.013" -37.4% 6.38
Extension TF-BF 5.220.0197 +18.2% 1.230.0297 -31.5% 6.4
D-BF 4.9£0.0377 +11.4% 1.30£0.0177 -36.7% 6.22
INT 4.05£0.019 100% 3.35+0.034 100% 771
e MF-BF 5.15+0.018% +27.2% 1.1+0.038" -67.2% 6.27
Lateral Bending TF-BF 5.35+0.0320 +32.1% 1.25+0.022 -62.7% 6.53
D-BF 5.32+0.0157 +31.4% 1.4£0.0127 -59.2% 6.78
INT 2.02+0.27 100% 2.42+0.031 100% 4.63
e MF-BF 2.13+0.0237 +5.4% 0.4120.0537 -83.1% 254
Rotation TF-BF 2.28+0.016" +12.8% 0.4420.046" -82% 272
D-BF 2.30+0.0117 +13.8% 0.62+0.0077 ~74.4% 2.92

1D INT 4 L4 P<0.05
Note: (DCompared with INT group, P<0.05

F3I AEHRBESERGSIET R (L3/4)XTRENMBEZE K LRER
Table 3 The comparison of the facet joint force and intradiscal pressure at the adjacent segment(L3/4) under different

type of laminectomy

E ik s o L3 K BRN AL L P el Fesventuge

Stte of motion  Model e Joint force - Percentage, change proseure change
h (Mpa) (%)

INT 0 100% 1.460.033 100%
HR MF-BF 0 +0% 1.99+0.0137 +36.3%
Flexion TF-BF 0 +0% 1.97+0.0177 +34.9%
D-BF 0 +0% 2.1420.0057 +46.6%
INT 0.760.013 100% 1.7+0.029 100%
ey MF-BF 2.0120.0217 +64.5% 1.940.0197 +11.8%
Extension TF-BF 2.140.0277 +81.6% 1.8+0.023" +5.9%
D-BF 2.1120.0177 +77.6% 1.9+0.0197 +11.8%
INT 0.43+0.009 100% 0.515+0.011 100%
25 MF-BF 0.543+0.025" +0% 0.842:+0.008" +63.5%
Lateral Bending TF-BF 0.595+0.033" +38.4% 0.763+0.016" +48.1%
D-BF 0.69+0.0127 +60.5% 0.763+0.0167 +48.1%
INT 1.145+0.025 100% 0.390.007 100%
et MF-BF 1.545+0.031% +34.9% 0.59+0.013% +51.3%
Rotation TF-BF 2.03£0.0220 +77.3% 0.57+0.016" +46.2%
D-BF 2.025+0.017% +76.9% 0.52:£0.0277 +33.3%

(D4 INT 41 H 4% P<0.05
Note: (DCompared with INT group, P<0.05
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