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CT image-based establishment and verification of three-dimensional finite element biomechanical

model for osteoporotic thoracolumbar compression fracture after percutaneous kyphoplasty
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1. Clinical College of Traditional Chinese Medicine, Gansu University of Chinese Medicine, Lanzhou 730000, China; 2. Department of
Spinal Surgery, Affiliated Hospital of Gansu University of Chinese Medicine, Lanzhou 730020, China

Abstract: Objective To establish a three-dimensional finite element model of thoracolumbar spine (T11-L2) and to verify its
validity in biomechanical analysis. Methods A volunteer with osteoporotic compression fracture of T12 vertebral body was
selected as the modeling object, and 64-slice spiral CT was used for continuous scan, with the thoracolumbar spine T11-L2 as
the scanning area. The CT data in DICOM format were imported into Mimics 19.0 software for extracting and transforming
the original model. Moreover, Geomagic Warp 2017 software was used for feature removal, smoothing, curved surface entity
fitting; Solidworks 2017 software for parts assembly and subsidiary structure generation; and Ansys Workbench 17.0
software for the additions of material properties and boundary conditions, coordinate and load setting, and biomechanical
analysis. Results A three-dimensional finite element model of the compression fracture segment (T11-L2) of T12 vertebral
body was successfully established, and the angular displacements of the anterior flexion, posterior extension, left flexion,
right flexion, left rotation and right rotation were measured as 8.3°, 3.8°, 7.8°, 7.6°, 3.7° and 4.0°, respectively, which were
consistent with the displacement trend verified by previous mechanical experiments. Conclusion The finite element digital
model of osteoporotic vertebral compression fracture after percutaneous kyphoplasty can be successfully established based
on the finite element modeling software. The established model is proved to be qualified in validity verification and reliable,
with biomechanical performances.
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Fig.1 Threshold selection of T12 vertebral body and mask
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Fig.2 Regional growth and transformation of model vertebrae
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Fig.6 Elimination of miscellaneous inside model vertebrae
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Fig.12 Constructing grid
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Fig.14 Contour of cancellous bone
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Fig.15 Construction of cancellous bone curved plate
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Fig.16 Structural grid of cancellous bone
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Fig.18 Dispersive bone cement
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Fig.19 "Discrete'" single-structure part of T11-L.2
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Fig.20 Overall model of T11-L2 after assembly
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Tab.1 Material properties of three—dimensional finite element model
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Fig.25 Structural material properties addition view

tion geometry ) iy 2, FI LAXJ AR HY (1) AR bR E AT 18 1E 5
O DL AR B I py K, Z i E
T B 7 MR, AU R 46 A7 ), [A] A ARS8 ] 28 1
BRI AT T 52 77, Y Sl e K -F1al g N )
I, BEET I 5 A2 7, JE AR Sy 1E e 7 i
S St g X E S oK 1) A2 3 g, D AE A
25 B 37 ey, A NS i A T ) 7, A O B
KR ST

B B 45 [R] 42 fink s N ) A% 3k 1 0 L T4, HE
FEAih OC 2 32 BEAT [ HE A AT PR A, T - TrT 42 k™
- TR Sk A AR A ok ) SR BT X, AT D e 4 ik
(connection) iy 2> X 42 i ¢ £ #EAT A8, B A - 2%
M Bz BT B - b B L 2 M- ME R) A B E R 4 8
(bonded )X, &5 HE BHA — & BYTE 3 BE(H XA 25
JI G 35 B LI, LA fih Ry JC B SR AL 1 By [
DAL ) A IR 22 i, SCoHey G422 At 82 X8 S AN 8 2 19 (no
sperarete ) 3 .
3.4.3 EEIN gL ALEE  RIR A A A S G AL, S
3 AT BRAS TSR AR AR 1 BT A 1 (3R 2) A ]

LERE 0 22 5 5 R e B R AR AL AP AR 2 57
T A RS RN MR R RDR ARG 20 3, FHH Generate
Mesh (P A 180 il & BEA T AR T B, K2 T KA S 45
P PR R/ INBCE 2 2.0 mmy, HETRLE G 30 244l B
IKUEAE M TR A5 AR K/INBEE M 1.5 mm

R2 EHNTREET
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Fig.26 Axial force-loading
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Fig.27 Anterior flexion force—loading
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Fig.28 Posterior extension force—loading
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Fig.31 Right rotation force—loading
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Fig.32 Left rotation force—loading
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