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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.

[Key words] Cervical spine; Finite element; Biomechanics

[Author’s address] Department of Orthopedics, Changzheng Hospital, Affiliated to the Second Military Medi-
cal University, Shanghai, 200003, China

BEETE AV E R A AR RS V0 (01 HAH S :81171755)
E—EEEI 5 (1983-), B A, IR W W57 18] H SR
Hi% . (021)81886805 E-mail: guoqunfeng83@163.com

HIRAERE i E-mail: nibin99@sohu.com



o A A 2 7 2014 4EAE 24 55 6 1)

Chinese Journal of Spine and Spinal Cord,2014,Vol.24 ,No.6 551

SHUHE Ry 5 A B 5 B A8 PR 1) 22 R TR A, %
AL A4 P SR H S BOS BB, th B 2 D RE R
BB LA T T AR AL 95 550 Y
7 2 Wi IR T , 2 Bl A W) g 2 B T R T A
Hoh, =44 BROTAR LS A i) Lo i B 4% 52 56 A1
TE RS2 560 T8 1 3R A A AL N R4 K N ) sk A5, 2
SR Z I TR AR Y e 07 T B RIS AR
FIA SUME 19 = 4 A7 BR I0 70 Mt 22 O J 35 B i 1Y 7y
B, JCIEERR S N A SUME Y BLSE AR o, T
I, F AT e B AEJEH BY CT ~F % JF 2
A R BTRHSE SUHERS S5 M S PE R | YA LA
SR ST IS Y 4 U = 4R AT BROTAC A Jf:
Xof FCHEAT R | 0 AR AL A RO | A ST A A A
R E M W PRSI, Oy S SR 0 2 ) ) 2
WFFE S LA Bl

1 #R5FE
1.1 SEE O

f#FEEEEEH 31 %, & 170cm, KH
64kg, BEAT TCHUAE NG s | JCHUAE S5 B TR b i
A U b BB ZIEAR SR A A HEBR AL ST
Wi 1 K SHUAFEANARL
1.2 HSHE R S AR A e Ny

K1 64 HFIZE CT HLIZFAT SUHE #2394 . 43
fili &1 1 140kV ,200mA , JZ /5 0.625mm ; F1H JE H -
A B I 3 55 - BHE (CO-C7) 5 i it 25 B EM
PRFFHUME P S AT o $REL CT H1 45 R 4G B, LA B
FrfE Dicom A& X AFNT, 2058 BOG AL . CT JR a6 %%
i3 A HP Z800 = 233 T ARG 18 JH a5 1)
Simpleware 3.0 488 CT %4la #% k. STL 4% U8
i1t Geomagic 8.0 XF FdiE i iy KM AT %h L &
W Bl A% L NURB il A2 20 75 5] 4 391 Ak
(CO-C7, 45 MR ) = 47 FRIC L ARBAL,
1.3 BRIy

N H#AF Hypermesh 9.0 #E47 A A #E
131 B R oG iE L SR 2 19 AR R o
FAICHEN 13 FpOCHERAT |, A 45 B AL TR (anterior
atlanto —occipital membrane, AAOM) . % ¥ J5 &
(posterior atlanto—occipital membrane,PAOM) | ¥
RZERF A (apical ligament, APL) . FLIR ) 417
(alar ligaments,AL), M (tectorial membrane,
TM) #9717 (transversal ligament, TL) | §if 2\ ) iy
(anterior longitudinal ligament,ALL) . J& 2\ 4 47

(posterior longitudinal ligament,PLL) , # #47 (lig-
amentum flavum ,LF) &5 #4417 (joint capsules,
JC) . T F B I &8 43 (cruciated  ligaments , the
vertical portion,CLV) ] #47 (interspinous lig-
ament, ISL) . B I %) 47 (supraspinous ligament,
SSL) 5 2R FH =l £ P T Th 3 FH 4 fioh O 2R 485G 45 (1]
A EAE o

1.3.2 KRR B mE R R Y Imm
() = 4E 6 17 SR HIT (C3D6) A it B R = 4k
4715 SR BALIT (C3D4) s TL KB SR T = 2k 0 4
B0 58 B0 (SAR ) s Fo 80417 2R 1 A il ) o 7%
H B BT 5 SPRINGA 8 3% 55T HF 17 X 43
HENR] 5 (35 BEAZ FEF 4R 3R ) LS 2, R T3 i b
i il (9 =S R DA L7 (C3DSR) (V%
] T kA BT AR I 7 A AR ) o A BT B
Jacobian W HI7E 0.6 LA I,

133 MEEE OEBREREE: RTIEZSE
] SEPERT R PR (R 1) QMR £ KA RHE S
% 2009 4F El-Rich 5 & 3¢ #(% 2), @)L
SUHERD A JE A . BB AT SR 1B 22 A% 18] S AL R
PERICER 1), HARAH GBI 56 T 55 08 v R I e
F1E L X T AN BRI L AT 405, 2B
FRLNERAP(ER 3), @F SR B T 35
HER 2 500 He 5| HIAH 5 SR,

1.34 i SRR AR CT FARAE 6
A A AR IR A TR — 2% 1 (S
X L THHEE R oo ), kS % 85 Co
- F A BT Y 28 Distribution Coupling (7%
Ly Ty 0T LK 2 7% i 1 32 00 1% DU A i A
AT T CO BT A 1 i b)) o X 2% ki 43 il it
IZSAS A T KN LSNm B2 5 411
FIA A TR, DUHORBI L i A s A2
AR NGB, B R JE PR T 10 2% XY Z 4
Sy b (X=Y - K1 X7 D e R T Y -2

®1 EREB BRRBRETEHHEN
Table 1 The material properties of cortical bone,

trabecular bone and transverse ligament

4 AR Wt
Tissue Stiffness (MPa) Poisson’s ratio
L a0iNEy
Cortical bone 15000 02
/NN
Trabecular bone 500 0.2
HEBs E1=86

0.019

Transverse ligament E2=6
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Table 2 The material property of disc

PHE i) 5440 1
Disc components
i YR
Nucleus pulposus Annulus matrix
% J£ (density ) (kg/mm?’) 1.00E-06 1.20E-06
JHFA L (Poisson’s ratio) 0.495 0.45
C10 0.12 0.18
C01 0.003 0.045
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Table 3 The data of the ligaments after fitting

M= 28 Z K
(Egg‘ ) (f\lf) (rlr-?r?l) (an) m(i%ébi?
ments ) coefficient )
AAOM 18.9 232 3.78 23.2 1.623695
PAOM 18.1 83 6.033333 8.3 0.228015

JC(CO-C1) 9.9 320 3.3 32 2.938476
JC(C1-C2) 9.3 314 4.65 31.4 1.452191
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

AL 14.1 357 2.82 35.7 4.489211

CLV 12.5 436 2.5 43.6 6.976

™ 11.9 76 3.966667 7.6 0.483017
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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
Ja i (Flexion) (°) fifi )2 (Extension ) (°) 75 (Lateral bending) (°) JiE % (Rotation) (°)
AAGAY S EN iR S EN R SRR EN e S
Current model Panjabi’s Current model Panjabi’s Current model Panjabi’s Current model Panjabi’s
Co0-C1 7.03 7.2+2.5 22.29 20.2+4.6 4 5.5£2.5 7.44 7.3£2.2
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 4129 6.03 3+2.5
C3-C4 5.18 4+2.4 5.47 4.2+2.7 35 4.9+34 5.84 6.5+1.8
C4-C5 4.32 4.8+3.1 391 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
C6-C7 3.71 4.2+2.6 4.16 3.8£2.3 3 42434 4.62 5.4+2
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