276

Journal of Biomedical Engineering Research 36: 276-282 (2015)

http://dx.doi.org/10.9718/JBER.2015.36.6.276

pay
S aeER

HEAPES ol 48 F1ET 5 A5
2717 Y717 AAG T 97

793

r
d

SRR B ool Al RAAL

T
v
flo
&

ATHEAAIE, 24 oleRE

ek HCICE AR L LE A S

Biomechanical Analysis of a Combined Interspinous Spacer with a
Posterior Lumbar Fusion with Pedicle Screws

Y.H. Kim', E.Y. Park’ and S.J. Lee®

Center for Food & Drug Analysis, Ministry of Food and Drug Safety, Busan 608-829, South korea
’Department of Medical Device Evaluaion, Ministry of Food and Drug Safety, Cheongju, Chungbuk 363-954, South korea
3Department of Biomedical Engineering, Inje University, Gimhae, Gyeongnam 621-749, South korea
(Manuscript received 14 October 2015; revised 8 December 2015; accepted 9 December 2015)

Abstract: Recently, during the multi-level fusion with pedicle screws, interspinous spacer are sometimes substituted
for the most superior level of the fusion in an attempt to reduce the number of fusion level and likelihood of degen-
eration process at the adjacent level. In this study, a finite element (FE) study was performed to assess biomechanical
efficacies of the interspinous spacer combined with posterior lumbar fusion with a previously-validated 3-dimensional
FE model of the intact lumbar spine (L1-S1). The post-operative models were made by modifying the intact model
to simulate the implantation of interspinous spacer and pedicle screws at the L3-4 and L4-5. Four different con-
figurations of the post-op model were considered: (1) a normal spinal model; (2) Type 1, one-level fusion using pos-
terior pedicle screws at the L4-5; (3) Type 2, two-level (L3-5) fusion; (4) Type 3, Type 1 plus Coflex™ at the L3-
4. hybrid protocol (intact: 10 Nm) with a compressive follower load of 400N were used to flex, extend, axially rotate
and laterally bend the FE model. As compared to the intact model, Type 2 showed the greatest increase in Range
of motion (ROM) at the adjacent level (1.2-3), followed Type 3, and Type 1 depending on the loading type. At L3-
4, ROM of Type 2 was reduced by 34~56% regardless of loading mode, as compared to decrease of 55% in Type
3 only in extension. In case of normal bone strength model (Type 3 Normal), PVMS at the process and the pedicle
remained less than 20% of their yield strengths regardless of loading, except in extension (about 35%). However,
for the osteoporotic model (Type 3_Osteoporotic), it reached up to 56% in extension indicating increased suscep-
tibility to fracture. This study suggested that substitution of the superior level fusion with the interspinous spacer
in multi-level fusion may be able to offer similar biomechanical outcome and stability while reducing likelihood of

adjacent level degeneration.
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Fig. 1. Three-dimensional FE model of an intact human L1-
S1.
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(1) Normal spinal model (L1-S1);

(2) Type 1, one-level fusion using posterior pedicle
screws (Ti6A14V, E=114GPa, v=0.3, ®=6 mm) at
the L4-5;

(3) Type 2, two-level (L3-5) fusion;

(4) Type 3, Type 1 plus Coflex™ (Ti6A14V, E =
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Table 1. Material properties used in the finite-element model of the lumbar spine.

Material Young’s modulus E (MPa) Poisson’s ratio Cross-sectional area (mm?)
Cortical bone 12000 0.3 -
Cancellous bone 100 0.2 -
Bony

Posterior element 3500 0.25 -
End plate 25 0.25 -
Annulus ground 4.2 0.45 -
Nucleus pulposus 1.0 0.499 (incompressible) -
Annulus fibers
Layer 1/2 550 - 0.50
Layer 3/4 495 - 0.39
Layer 5/6 413 - 0.31
Layer 7/8 358 - 0.24
Ligaments
ALL 7.8 (< 12%) 20 (> 12%) - 63.7
PLL 10 (< 11%) 20 (> 11%) - 20
LF 15 (< 6.2%) 19 (> 6.2%) - 40
CL 7.5 (< 25%) 33 (> 25%) - 30
ITL 10 (< 18%) 59 (> 18%) ; 1.8
ISL 10 (< 14%) 12 (> 14%) - 40
SSL 8 (< 20%) 15 (> 20%) - 30

) One-level
fusion (L4-5)

(4) Type1 (B) Type2 (©)Type3

3 2. A% w2dl: (A) Type 1, 2537 YARES ARSSH THd (L4-5) 15 2, (B) Type 2, 2537 WARES ARSRE 7 £ (L3-5)
3k e (C) Type 3, Type 10| Coflex™(L3-4) 23} mdl

Fig. 2. Post-operative models: (A) Type 1, one-level fusion using pedicle screws at the L4-5, (B) Type 2, bi-level (L.3-5) fusion
with pedicle screws, (C) Type 3, Type 1 plus Coflex™ at the L3-4
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Fig. 3. Range of motion (ROM) at the operated (L3-5) and adjacent (I1.2-3) levels normalized to ROM of the intact model: (A)
Flexion, (B) Extension, (C) Axial Rotation, (D) Lateral Bending.
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