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[Abstract] Objective To develop the finite element model (FEM) of cervical spinal Cis motion
segment, and to make biomechanical finite element analysis (FEA) on Ci: motion segment and thus
simulate the biomechanical characteristics of Ci5 motion segment in distraction violence, compression
violence, hyperextension violence and hyperflexion violence. Methods According to CT radiological data
of a healthy adult, the vertebrae and intervertebral discs of cervical spinal Ci5 motion segment were
respectively reconstructed by Mimics 10.01 software and Geomagic 10.0 software. The FEM of Ci; motion
segment was reconstructed by attaching the corresponding material properties of cervical spine in Ansys
software. The biomechanical characteristics of cervical spinal Cis motion segment model were simulated
under the 4 loadings of distraction violence, compression violence, hyperextension violence and hyperflexion
violence by finite element method. Results In the loading of longitudinal stretch, the stress was relatively
concentrated in the anterior arch of atlas, atlantoaxial joint and C; lamina and spinous process. In the
longitudinal compressive loads, the maximum stress of the upper cervical spine was located in the anterior
arch of atlas. In the loading of hyperextension moment, the stress was larger in the massa lateralis atlantis,
the lateral and posterior arch junction of atlas, the posterior arch nodules of the atlas, superior articular
surface of axis and C, isthmus. In the loading of hyperflexion moment, the stress was relatively
concentrated in the odontoid process of axis, the posterior arch of atlas, the posterior arch nodules of atlas,

C, isthmic and C, inferior articular process. Conclusion Finite element biomechanical testing of Ci;
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motion segment can predict the biomechanical mechanism of upper cervical spine injury.
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Table 1. Material parameters of C,; FEM “*”

Elasticity modulus Section area

Material (MPa) Poisson ratio )
Cortical bone 12000 0.2 —
Cancellous bone 100 0.2 —
Cartilago articularis 25 0.4 —
ALL 30 0.3 6.1
PLL 20 0.3 5.4
TL 10 0.3 46.6
LF 1.5 0.3 50.1
CL 20 0.3 13.1
SL and IL 8 0.3 13.1
Fibrous ring 4.2 0.45 —
Nucleus pulposus 1 0.499 —

ALL: anterior longitudinal ligament, Hj 2\ ] 7 ; PLL: posterior
longitudinal ligament, J§ ZA B4 ; TL: transverse ligament, 1 417
LF:ligamentum flavum, # #J 47 ; CL: capsular ligament, 5 75 3£ 4]
7 3 SL:supraspinous ligament, - #J7 ; IL: interspinous ligament,

R W) 2

13268 4570, A5 T ME AXHE L Co L BEAR CTT B
HVEE A O R A BTN A RS A A
B 2 LI 1

2. R E A A () BRI E - PR ClHE
PR 5 RN OGS TE RO N T A A A B E b
B s e A T 8E C i 377 BA IR o Al X 1%
T A0 A [m) A o A8 172, 0.50.1.00,1.50 F
2.00 N-m B HI a5 07 56 0 48 2= B Ak b, ) 5K
15 Coo s MEVR 2Z 18] 78 AS [] HE 0 25 30 A0 T 1) e 5% 1 B
J+ 5 Wheeldon 25 " B9 2 B0 HEAT HL A, DA T 56 I A 1A
ORISR e R O o [ D O OF ) o VI d o N T =
T B WERE AR B SE AT UE L 95 Panjabi % 7l Zhang
FEVR L S HO TR . TEA M R, R AR
B TR ME T Y S0 N R W TE R 45 5 Sk
o TEME R RIENER 1.00 N« m A9 1 A7, B4
PRE AT 0ME b Bemi e A ) 25 R T T E
GERREAT T Coo M Cons I SIE R . (2)C L AW
J12E A BRI R A BRIT 0 b7 AL ¢ FE 2
g HE 4 Lk o R R D B A ) T A . BR
il CoMEMRTT D5 UM &5 TH SO T O FE A AN B
R b 03 Sl R, R A SR T 2K 500 N AR B )
b0 T H 7, B0 2 gk 2 0 5 T R AE SR TN 2K 500 N
A L )RR IR T RS LR 6 R ) T R e E
20 N-m MTE 2R A, L C, 58 Bl 715 B A7 3 (1 2o i
IR

& R

— IR IE 45 R

HEF S )R HTE 5 A S0 06 25 5 n 18] 2 i, i
Jet 5 A RN X FR IS A A RS N T ok
IR YE R, H 2T 0.50 N-m, BN 78 T 5
47050 N-m B A7 AR B EEAEH . — B
PR AR B — 5 Ty e, B AT G A e A T Re A —
SEF , 5 Wheeldon %5 " A SL 0 45 R — 8. 3,4
WR, M C LG TE1.00 Nom JIHAETT , HolEss
1 B 55 Panjabi 45 7' Fl Zhang %5 "B S92 56 2 ROM L
oo TE A7 A8 DT TR T8 A 5 ) B8 0 K, W I KT Cas
JHE 5% 3 B 5 >4 F A7 R DT TR E 5% B, €, 7T 3R A5 0T 50°
() T0E 5% 1 BE , BUME T BE €71y Bz ol Y T 5 AR Ak 5
B 25 JR — B, PR A FR TR A %

T Co 38 B B i ML

M 3R 2 AT DL, FE G\ 1) A 5k 4 far 4 R, B ME
5 RERX DG S Co A MR R 58 R 43 BT 32 0 1 B R 4R
o, o KN 7743 51 o 95.48.90.57 1 70.72 MPa.
X AFE e 8 A UL W S 7 g A L e 3 e K g AN
{24 10.68 MPa.

3L WOR  IEY\ ) TR 48 #oar /E 0T, SiAE E
BT B 5 25 J5 % 8 AR, I i R A
EHERT S, N 99.68 MPa. LUK R B MK ST X
HEHE AR F CoHEAA , Ji K 7 5393 2 91.59.86.78 FiI
71.24 MPa. T AXAE LLR 5 AT J5 AT i 50 25 4 Fr 52 7
TIR XN

124 ] DL AE b 464 AT, S e e )
5 )55 8 B MG 5 45T IOHE e
FRIAR A e 355 e A2 1o T3 8K, Sy o g b A, HL 4%
BB AL d5e KR H1 43 51 R 69.76.71.85.65.86.63.26 Al
68.67 MPa.

FSEER BN, FELLE 1A AE R R AR IR
2R VEMEIG B VRIS 5 A5 KM W R A AME R 6
LR IIE  ROE Lk S AR VA s N AR ]
71.26.69.52 .68.26 .64.32 1 62.35 MPa.

15 it

Yoganandan 55 "'V U4 HY OE B SUMEAT BT R
Wy ) ST B R ST R IR R Ce-038 8 15 B CT &
(i Dl oS S R U N I S DA S i = R = S DA g
HJF , Maurel 55 " 37 8] B = 4EH kR 81 B



R E AP 2 24 A 2013 4E 11 A5 13 555 111

Chin J Contemp Neurol Neurosurg, November 2013, Vol. 13, No. 11 . 927 -

Y
=

'
o
& =,

(Panel 1f).

B1 C s WEBRAMITCKEMER la RHEARGCKE 1b MHEAMRICER 1c CGAMRIER 1d
Cos MEMI BEATIRICAE R le  CiZ 8 B BRI ARG HOW  1f  C,538 3l 1y BeAy BROTAE 2L 0] 1a vl

Figure 1 C,; motion segment finite element model. C, finite element model (Panel la). C, finite element model
(Panel 1b). C; finite element model (Panel Ic). C,s intervertebral disc finite element model (Panel 1d). Ci; motion
segment finite element model for posterior view (Panel le). Ci; motion segment finite element model for lateral view
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R2 HmAESRAAT AR T B9 RN ) 3 A (MPa)

Table 2. The maximum stress distribution under
longitudinal stretching loading (MPa)

Position Maximum stress || Position Maximum stress
Anterior arch of 95.484 Isthmus of axis 10.681
atlas

Atlanto-axial 90.568 C; lamina and 70.718
articulation spinous process

R3 Y RAREATVE AT 88 R ) 7345 (MPa)

Table 3. The maximum stress distribution under
longitudinal compressive loading (MPa)

Position Maximum stress | Position Maximum stress
Anterior arch of 99.684 Axis vertebral 86.781
atlas body

Atlanto-axial 91.585 Cs vertebral body 71.241
articulation

R4 20 N-m AR B9 KR 71 43 4 (MPa)

Table 4. The maximum stress distribution under 20 N+ m
hyperextension moment (MPa)

Position Maximum stress || Position Maximum stress
Lateral mass of 69.761 Superior articular 63.246
atlas surface of axis

Junction between 71.851 Isthmus of axis 68.671

lateral mass and
posterior arch

Nodules of atlas 65.861
posterior arch

£S5 20 N-mad 8 AHEAEH T 85K 514346 (MPa)

Table 5. The maximum stress distribution under

hyperflexion moment of 20 N-m (MPa)

Position Maximum stress || Position Maximum stress
Dentoid process of 71.258 Isthmus of axis 64.323

axis

Posterior arch of 69.523 Inferior articular 62.352
atlas surface of axis

Nodules of atlas 68.256

posterior arch
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Email: cinp@northernnetworking.co.uk

Website: www.cinp2014.com

The 29th CINP World Congress will be held in June 22-26, 2014 in Vancouver, Canada. The main purpose of this CINP
World Congress is to provide a truly outstanding scientific and educational program featuring leading figures from around the world
who are literally changing the face of neuropsychopharmacology.

The Plenary Speakers will include nobel laureates, and other innovators who are transforming our ability to visualize and
manipulate the brain with a specificity that was undreamed just a few years ago. Medical practice will be informed by leading
clinical researchers who are spearheading new treatment regimens for brain disorders where sensory - motor disturbance and
cognitive (emotional) difficulties often reflect two sides of the same coin. These memorable lectures will be complimented by 36
Symposia spanning the broad spectrum of neuropsychopharmacolgy from both preclinical and clinical perspectives.

Scientific and Educational Workshops will provide interactive discussions on the latest techniques along with opportunities to
learn firsthand about new and successful clinical approaches to mental ill-health. Lively Pro and Con Debates will ensure that

different perspectives are given the respect they deserve.

Novel Immunotherapeutics Summit 2014

Time: January 29-31, 2014

Venue: San Diego, USA

Website: www.ecco—org.eu/Global/Events/Other—Events/Novel-Immunotherapeutics—Summit-2014.aspx

The Novel Immunotherapeutics Summit 2014 brings together experts from academia and industry to discuss cutting edge
research, immuno - strategies and novel therapeutics against various diseases. Topics such as cytokines, inflammation, cancer
immunotherapy, immunomonitoring, biomarkers, immunosuppression, immunogenicity, immunotoxicity and innate immunity will be
discussed at the summit.

The summit will begin with a workshop, and then break into four concurrent conferences, all of which will talk about
complementary areas of the latest breakthroughs in the immunology field: 1) Novel Immunoassays Workshop: Platform & Methods;

2) 12th Cytokines & Inflammation; 3) 6th Immunotherapeutics & Immunomonitoring; 4) 2nd Immunogenicity and Immunotoxicity;

and 5)Inaugural Innate Immunity.



