J. Comput. Struct. Eng. Inst. Korea, 33(3)
pp-145~152, June, 2020
https.//doi.org/10.7734/COSEIK.2020.33.3.145

pISSN 1229-3059 eISSN 2287-2302
Computational Structural
Engineering Institute of Korea

koot okl o) 2R ThobIAY, POp ALY AT Sha Y 9 4 93 3

(F)el 2= fluto] @ th ol AL, ‘ALY oL ol shhel §gHelstin Al i
Spinal Stability Evaluation According to the Change in the Spinal
Fixation Segment Based on Finite Element Analysis

Cheol-Jeong Kim', Seung Min Son?, Jin-Young Heo® and Chi-Seung Lee*'

!Graduate Student, Department of Biomedical Engineering, Graduate School, Pusan National Univ., Busan, 49241, Korea
?Assistant Professor, Department of Orthopaedic Surgery, Pusan National University Yangsan Hospital, Yangsan, 50612, Korea
’CEO, S-ONE BIO CORP., Busan, 49241, Korea
“Associate Professor, Department of Convergence Medicine, School of Medicine, Pusan National Univ., Busan, 49241, Korea

Abstract

In this study, we evaluated spinal stability based on the change in the thoracolumbar fixation segment using finite element analysis (FEA).
To accomplish this, a finite element (FE) model of a normal thoracolumbar spine (T10-L4), including intervertebral discs (IVD), ligaments,
and facet joints, was constructed, and the material properties reported in previous studies were implemented. However, L1 was assumed as the
lesion site, and three types of posterior fixation, namely, L1-L2, T12-L2, and T12-L1-L2, were implemented in the thoracolumbar FE model.
In addition, the loading conditions for flexion, extension, lateral bending, and axial rotation were adopted. Through the series FEA, the
deformation, equivalent stress, range of motion, and moment on the pedicle screws, vertebrae, and IVD were calculated, and the spinal stability

was evaluated based on the FEA results.
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Fig. 1 Ligaments of human thoracolumbar spine
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Table 1 Material properties and element types

Material Element type Young’s modulus(MPa) Poisson’s ratio Cross-section Area(mm?)
20-node Solid Element
Vertebral body | Cancellous bone (SOLID186) 100 0.2 -
. 10-node Solid Element
Vertebral arch Cortical bone (SOLID187) 12,000 0.3 -
20-node Solid Element
. Ground substance (SOLID186) 4.2 0.45 -
pise 8-node Fluid Element
-node Fluid Elemen
Nucleus pulposus (FLUID30) 1 0.499 -
ALL 7.8 - 24
PLL 10 - 14.4
Lisament LF 2-node Link Element 15 - 40
£ ITL (LINK180) 10 i 36
ISL 10 - 26
SSL 8 - 23
Spinal rod 10-node Solid Element
Titanium allo 96,000 0.36 -
Pedicle screw Y (SOLID187)
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Fig. 3 Finite element analysis boundary conditions for each motion;
(a) flexion, (b) extension, (c) lateral bending, (d) axial rotation

Table 2 Loading conditions

Body position Moment(N-m) Reference
Flexion 7.5 Rohlmann et al., 2009
Extension 7.5 Rohlmann et al., 2009
Lateral bending 7.8 Dreischarf ef al., 2012
Axial rotation 5.5 Dreischarf et al., 2011
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Fig. 4 Three types of posterior fixation; (a) L1-L2 short segment
fixation, (b) T12-L2 selective fixation, (c) T12-L1-L2 fully fixation
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Table 3 Parameters for analysis

Screw Fixation segment FEA results
Diameter: 6.5mm | L1-L2, T12-L2, |Deformation, Equivalent stress,
Length: S0mm T12-L1-L2 Range of Motion and Moment
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