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Simplified FE Analysis for the Design of Pedicle Screw System
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Abstract - Methodology for finite element analysis of vertebral column and pedicle screw system, which circumvents the
tremendous difficulties in geometric, material, and structural modeling, is proposed. The simplification is focused on the
modeling of the cancellous bone in vertebral body. the intervertebral disc, and the instrumented internal fixation devices. Each
proposed modeling technigue is justified to result in reasonable accuracy, These methods are believed to be suitable for the
development of pedicle screw systems, not only because modeling itself is much simpler. but also because reliable empirical
data for disc stiffness may be incorporated with little additional effort, and presumably frequent design change may be easily
reflected on the analysis.
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(a) cancellous bone model

{b) Cortical bone model
using 3D solid elements

{c) Conrtical bone model
using 2D plate elements

Fig. 1. FE Models for Elliptical Cylinder Representing Lz Vertebral Body
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Table 1. Computed Stiffness of Elliptical Cylinder
Representing L3 Vertebrat Bedy (in N.mm)

Solid Model | Plate Model | Difference
Compression 70131 70283 0.22(%)
Ant, Shear 9456 9353 -1.09(%)
Lateral Shear 14058 13850 -1.48(%)
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Table 2. Calculated Material Constants in  Principal
Material Directions of Annulus Fibrosus

E, Ez Ez | Gig, Gis Gz
(MPa) | (MPa) | (MPa} | (MPa)
163.53 537 1.99 1.88 0.45 043

Vi2, VI3 Vo3

Fig. 2. Detail Finite Element Model for Lz intervertebral
Disc
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Table 3. Stiffness of L:= Intervertebral Disc by FE
Analysis Compared with Experimenta! Measuremeant

Unit Detail model | Measured[22]

Compression 738.8 700.0
Ant/Post Shear | N/mm 61.3

Lat. Shear 86.5 2600
Lat. Bending 1310.0 -
Flexion N.mm/deg 687.6 -
Axial Rotation 635.3 2000.0
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Fig. 3. Simple Finite Elemant Model for L2z Interverte-
bral Disc

Table 4. Comparison of Lzs Intervertebral Disc Stiffness
by Detail and Simple FE Models

Unit | Detail model| Simple model| Diff.(%)
Compression 7388 6925 6.3
Ant/Post Shear| N/mm 61.3 60.51 13
Lat. Shear &5 .10 16
Lat. Bending 1310 1258 40
Flexion Nonm/deg 6876 658 42
Axial Rotation 635.3 621 23
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