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[Abstract] Objectives: To establish a three—dimensional finite element model of the cervical spine plus skull
base, and to evaluate its mechanism of the cervical spine disease. Methods: A 31-year—old healthy male
volunteer underwent cervical thin—section CT scans. And the raw data of the CT scans were stored in Dicom
format. Then the CT data were transferred into STL format by using modeling software Simpleware 3.0. And
NURB surface model was obtained after data repair, noise removal and pavement under the help of Geomagic
8.0. Finally a full cervical spine(CO-C7) finite element model was established. Pre—processings, including in-
teraction definition, meshing and the set—up of material properties, load and boundary, were done by using
Hypermesh 9.0. Calculations were performed by using Abaqus 6-9-1, large finite element calculation software.
The ROMs in flexion, extension, lateral bending and rotation were compared with the data reported by Pan-
jabi in order to validate the model. Results: The final intact cervical spinal model consisted of 664026 ele-
ments and 228557 nodes. The model had the same similarity and profile as the clinical case, and the ROMs
in flexion, extension, lateral bending and rotation were consisted by the data reported by Panjabi, there was
difference only in C2-C3 rotary motion(6.03° vs 3°+2.5°,P<0.05). Conclusions: The normal three—dimensional
finite element model of the cervical spine plus the skull base meet the standards required in finite element
analysis including geometric and mechanical similarities. Thereafter, the model can be used for biomechanical
analysis of the cervical spine.
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Table 1 The material properties of cortical bone,

trabecular bone and transverse ligament

Tissue Stiffness (MPa) Poisson’s ratio
Cortical bone 15000 0.2
Trabecular bone 500 02
E1=86

0.019

Transverse ligament E2=6
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Table 2 The material property of disc C 2), Panjahils‘6J
Disc components ’ A A
ROM  Panjabi
Nucleus pulposus  Annulus matrix ’ C2-C3 ’
(density ) (kg/mm?® 1.00E-06 1.20E-06
(Pois:s‘()r(l’: mtio)) 0.495 0.45 (P<0.05,  4).
C10 0.12 0.18
Col1 0.003 0.045 3
31
3 20 40 ,
Table 3 The data of the ligaments after fitting 1972
. o o N o Brekelmans ! o
oy )N (RO :
AAOM 189 232 378 232 1.623695 ) 30 ,
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JC(CO-C1) 9.9 320 33 32 2.938476 s
JoC1-C2) 93 314 465 314 1452191 ’ . Yoganandan
ALL 10 300 2 30 7.5
LF(C1-C2) 9.6 111 3.2 11.1 1.083984 ’
AP 8 214 1.6 21.4 8.359375 ’ A
AL 14.1 357 2.82 35.7 4.489211 N
CLV 12.5 436 2.5 43.6 6.976 o
™ 11.9 76 3.966667 7.6 0.483017

D L) 2

1 .C7 s 1.5Nm 2 a
b c d

Figure 1 The schematic diagram of load and boundary:C7 inferior endplate was fixed, and pure torque of 1.5Nm was

applied on the reference point at skull base Figure 2 The three—dimensional finite element model of the cervical

spine a Lateral view b Sagittal plain ¢ Norma anterior d Norma posterior
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Table 4 ROM of every segments under different conditions
(Flexion) (°) (Extension) (°) (Lateral bending)(°) (Rotation) (°)
Current model Panjabi’s Current model Panjabi’s Current model Panjabi’s Current model Panjabi’s
co-C1 7.03 72425 22.29 20.2+4.6 4 5.5:2.5 7.44 7322
C1-C2 12.56 12.3£2.0 10.15 12.1+6.5 3.6 6.7+4.4 339 38.9+5.4
C2-C3 4.86 3.7£1.2 4.8 3.2+0.9 3.7 4+2.9 6.03 3+2.5
C3-C4 5.18 4+2.4 5.47 4.2+2.7 3.5 49+34 5.84 6.5£1.8
C4-C5 4.32 4.8+3.1 3.91 4.9+1.8 33 4.6+2.9 5.26 6.8+2.8
C5-C6 342 5.5£2.9 5.64 4.8+3.1 3 4.5+2.7 4.71 6.9+£2.5
Co6-C7 3.71 4.2+2.6 4.16 3.842.3 3 42+34 4.62 5.4+2
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