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Abstract

Objective
1. To develop and validate an anatomic detailed finite element model of the cervical
spine(C2~C7) with resource of thin-slice computed tomography(CT) scans.
2. To have a three-dimensional finite element experiment in virtue of established
model ,the reason from which length to be chosen was obtained in clinical application of
cervical pedicle screw. And Being analyzed factors in the maintenance of a stable screw,
the feasibility and practicality of short cervical pedicle screw could be confirmed.
Methods
1. To create a finite element model of the intact cervical spine, thin-slice computed
tomography (CT) scans of the cervical spine from C2 to C7 of a 38-year-old healthy
female were obtained. The commercially available finite element program Geomagic
Studio 9.0+ Simpleware2.0 and Abaqus 6.9-2 were applied to model the spinal segments. In
the finite element model, the inferior surface of the C7 vertebral body was completely
fixed in all directions. The 1-N-m flexion, extension, rotation, and lateral bending moment
with a compressive preload of 73.6 N were respectively imposed on the superior surface of
the C2 vertebral body in this study. For validation of the model, the results of this study
would be compared with previous research.
2. The intact model was modified to simulate posterior laminectomy and internal fixation
with varied length pedicle screws and lateral mass screws. The 1.0-N-m flexion, extension,
rotation, and lateral bending moment with a compressive preload of 73.6 N were
respectively imposed on the superior surface of the C2 vertebral body. Cervical ROM ,
stress of pedicle screws and stress in the fixed,adjacent discs were calculated. .
Results
1. A finite element model of the intact C2~C7 segment with 132240 nodes and 442486
elements was created. ROM of flexion, extension, rotation, and lateral bending were
consistent with literature results.
2. The ROM of five kinds of fixed model were significantly reduced. The ROM of model
with 26mm screw was significantly smaller than 10mm screw model(P<0. 05)Models with
18mm and 14mm screw can provide similar stability as model with 26mm screw (P>0. 05).
There was no significant difference in displacement between model with 10mm screw and
model with lateral mass screw (P>0.05) .
3.The highest value of screw stress was near screw-rod junction,which was contact laminar
cortical bone. The peak Von Mises stresses of pedicle screws in model with 26mm screw
was significantly greater than models with shorter pedicle screw and lateral mass screw

(P<0. 05) . There was no significant difference in stress among model with shorter screw
and model with lateral mass screw (P>0.05) . The part of the screw through pedicle was
also highly stressed, while the stress was significantly reduced when the screw enter into
the vertebral body cancellous bone.
4.The peak Von Mises stress of C4/5 disc in model with 10mm pedicle screw and lateral
screw was higher than model with longer screw when under lateral bending and rotation
loading. There was no significant difference in stress adjacent fixed segment among
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models with varied length Screws (P>0.05) . The peak Von Mises stress of inferior disc
adjacent fixed segment incresed significantly higher than superior disc in all fixed
segments, when under flexion,lateral bending,rotation loading. There was no distinction
among varied length pedicle screw in adjacent discs. The peak Von Mises stress of superior
disc adjacent fixtion segment increased least under extension loading, while it decreased in
inferior discs.

Conclusions

1. The cervical finite element model(C2~C7 ) is validated and ROM of flexion, extension,
rotation, and lateral bending are consistent with literature results. It can be used for
biomechanical tests.

2. The stability of model with 26mm,18mm,14mm length pedicle screws is much better
than model with 10mm pedicle screw. There is no significant difference among the former
three kinds. Clinically, 18mm and 14mm screws are suggested to be used in order to avoid
the risks of long pedicle screw. The stability of model with pedicle screw is superior to
model with lateral mass screws. The stability of cervical spine with bending and rotating
can not be controlled sufficiently with the shorter (10mm) pedicle screws and lateral mass
SCTew.

3. The risk of screw breakage is reduced by using shorter pedicle screw. The stabilizing
factors in the maintenance of cervical pedicle screws mainly consist of cortical bone at
lamina, pedicle cortex and cortical bone at the junction of the pedicle and the vertebral
body. However cancellous bone has a relatively small contribution to maintenance of
cervical pedicle screws.

4. There is no effect on reducing adjacent intervertebral disc pressure by shorting cervical
pedicle screws.The speedup of degeneration in inferior disc is more obvious compared
with superior disc with posterior laminectomy and internal fixation.

KEY WORDS
cervical spine, finite element model, biomechanics, pedicle screw, lateral mass screw
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Pel 2-25 JeM BEFEBAT B T C4-C5 VR T (KK AO. AL, B26. BIS,
Bl4, B10. C#1)
#2-4 FEAARABHTACSHERAME (F)
SEFEHA0  BREZHA1 B264H B184H B144i B10oZd C#H

A i 3.498 5330 0.570 0.575 0.597 0.837 0.863
Joifd 6.763 8.258 0.591 0.603 0.603 0.843 0.875
A m 7.096 8.971 0.226 0.232 0.243 0469 0571

11 % 5.380 7.348 0.215 0.221 0.230 0.453 0.547
Hr i 2.361 4.363 0.476 0.488 0.513 0.785 0.783
A1 2.795 4.800 0.492 0.507 0.533 0.804 0.800

SERI HERIRZE ML, P<O. 05 5E841 5B2641 4Lk, P<0. 05
B264H 5B1841AHLL, P>0.05;  B26£H 4iBl4#ZA4fLL, P>0.05;
B2641 5B104H MLk, P<0.05; BlOZH SCAA4REE. P0. 05,

kR WL LA RBATAFE T, S BAMILLE, SIRAAT I B K
(P<0.05) , B264Lf7 M Bk I (P<0.05) ; B2641 5B184H, Bl44ltbes, LR #F1E
E5 (P>0.05) ; B26415B1041H B#FHEE M+ (P<0.05) , BIOAI{f7#MIn; BIOH S
CAHEWFMER (P>0.05) ,
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W2 75 &R NE T FHR4T Von Misesi ), BT84 BN N 0h =B ER.
ER NG mEY, FARBERRAFRMN D AAD, KPEERAN DR, KERR
MAERK, BRHKMENDSAXEKHK D (F2-5) (F2-26EE2-30)

R2-5 HFPEAT T HED HIRET Vo Misest¥{H (MPa)

FLE EXT LB RB LT RT
B26 & 189. 61 281. 57 182. 31 178. 79 173. 17 221.02
B18 &/ 125. 99 164. 59 116. 51 114. 83 184. 33 165. 05
Bl4 4 121. 58 145. 66 105. 03 121. 3 185. 44 149. 43
Bl0 & 123. 74 167. 93 122, 44 122, 44 164. 46 172. 96
CH 120. 12 160. 41 188. 72 168, 87 162. 84 163. 3
B26 4B 5 B18 ZHAHEL: P<0.05;
B18 41, B14 ¢H. B10 £H. fljske4d C AP MLL: P>0.05;
Z-PhETRT T URET )Von Misesl&{H
(MPa)
@ -
& 300 ’--- R DBzﬁéﬂ
o ® 200 - EBI84
172 B =
=% 0 ] I||||I|||In|||| Bl
5 0 COB104H
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RIBETHER S AR A G HE S R RA AR LRET N N FER EXE R (P.05) . 7
RUE. B, ZENE. BRATRA F2ommi S R HEIBRITN HHERT
HAbERY, J5 R4 BK{E281. 57 MPa. JEHE 5 RARAT T 4 1) bu 4 & BLARAT RE )
ERBEER (P>0.05) , EFFEM MR ZENAMIE, ERM. REGRRESN
TURET R A EEK . SRARET B AR R 5 4 5 HRIRST Bl e R LB R BURST N ) B B
EXR (P>0.05) ,7ERE. B, REEMA T, MIURTN N 5ERSRBITAR
R, BARTF26mmiE SHREEETR f1; £4AB. GEEFT, MEARETN S 526mm
KHESRBST N J86E, 08 & T M SRR 4.

B ) 4340 = B b s i) K TERR K €, e N ) 43 A DX S 4 £ i B ) 43 A X 4R
WRET R B E A TRIEETBERAL . 7ER4ET HESIRBOR T FE K, HEAMEE
WA FE ERET AL ) BE WA .

=. C4/5HERER S

W SEEEFME LR TC4/S5TH BB S, IBERANAIH=BERR.
ENAGHAER, RRABERRARMMN KD, KhBERRRNARN, KEFR
MNABK, BRMKPMMEREHIAEBHKRAD. (R2-6 F2-7) (E2-31EE2-35)
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FE2-34hEs # o FHERYCA/SHER BN D =B (JK7RChAO. A1, B26. B18. Bl4.
B10. C#)

H2-6  BEFTTFCA/C5NEMER B P VorMisespL gt (MPa)

B JH Ja 1 B ) $53
SEHEA A0 1.9 1.104 1. 569 1. 442
R Al 2. 379 1. 382 2. 098 2. 999
B26 4 0. 511 0. 533 0.127 0.274
B18 4 0. 527 0. 558 0.132 0. 280
Bl4 4 0. 533 0. 565 0.134 0. 295
B10 4 0. 535 0. 569 0.142 0. 334
CH 0. 548 0. 574 0.170 0. 486

F2-T BB T 5B264 H.8:C4-C545 BHHE[a] 8L Py VonMi ses N {E N E 4 HE (%)

R JE 4 o U i
B18 4 3.13 4. 69 3. 94 2.19
Bl4 4 4.32 6. 00 5. 51 7.66
BI04 4.70 6.75 11.81 21. 90
c4 7.24 7.69 33.86 77.37
90 ¢
80 = ===
70 &l
60 [ ‘@ B184
50 HBl144
10 | — oOB10A
30 ] L O puERAC
20 - =
P e = [

Gigd i p )i 3

B12-35%- 44 F HB2640 H e C4-Ch¥5 B HE ) & Py VorMi ses W 1IN & 43 EE (%)
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I, JCHCR PR T AR 7 08 R e AT B B2 ) OmmiE S ARARE B AR AR R R AT Y
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F2-7 FBHMTC3/4% BHEN] £ P VonMisesv 1 ig{E (MPa)

C3/4 BB = LU e
SR A0 1. 625 0. 893 1. 376 1.177
B26 4 1.872 0. 986 1. 567 1. 477
B18 4 1.872 0. 982 1. 567 1.473
Bl4 4 1. 870 0. 982 1.535 1.476
B1O 4 1. 870 0. 952 1. 505 1.473
CH 1.874 0. 939 1. 497 1.473

B26¢H 5B1841. Bl44l. BLO4] &C4lz [a]4HLL, P>0.05
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seaeg
[N RN - S RO XN

C3/47 5 B HE ] 3% P VonMi ses i g

FH BT TFC3/47 B8] L AVonMises M h#{H (MPa)
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O 5EE4A0
W B264H

| OBi1s4l
|| oBl44
HB104

' o filtdic

BE2-40 BEAHTFFC3/4% BrEE) £ VonMises N /{4 (MPa)

F2-8 BB TCo/6711 BRI A VonMises 7 gl (MPa)

C5/6 " Ja i Ll s

SEEEH A0 2,498 1.271 1. 502 1.379
B26 41 2. 873 1. 250 1.919 1. 860
Bi8 & 2. 868 1. 249 1.915 1.859
Bl4 4 2. 866 1. 248 1.913 1. 858
B10 4 2. 866 1. 247 1.911 1.856
c4 2. 862 1. 247 1. 909 1.820

B264H 5B18%H . Bl441. B104H M CHH 2 [mAHEL, P>0. 05

C5/6%7 B HE A 8 A VonMises ¥ J7 &
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TRKEFHMSRRITH=EFTMTHR

SRR MC/AMRBNN S =EE, FEIMNNETHE, TR
NABETFHEEMNA R, B7ES RS FHEREFER a0 E M E B &
RiAy. ER1E. WEREEEET, &EERBEMECI/ RN G MA R,
ESREA T, MHABC3/AMERM MM R UAE . [FIFE, Co/6HER A S7ERT
JE . E R R T B B h, TOESS M LT R T

MM THRT, S EEERZ R, MEEEENHEHEER (P>0.05) . X
5N = BB

MC3/4HE AL fIVon Mises R NWMESIMBE T RMKRE, ERHBBEHFT, $E
R FRARC3/AKER) B R 13 B, FERT JE I HER) B AR Sy Bk, )8 RUBE S 885 T Y
RE AT i 2 1]

R2-9L-H 4T T W e HEEIC3/4, Co/6HE A £ AVonMises N TGN T 50t (%)
il JE =G il J& Jeks

c3/4 C5/6 (C3/4 C5/6 (C3/4 C5/6 (C3/4 (C5/6

B26 #H 15.20 30.71 10.41 -1.65 13.88 27.73 25.49 34.93
BI8 A 15.20 30.48 9,97 -1,73 13.84 27.46 25.15 34.82
B14 4 15.08 30.39 9.97 -1.81 11.56 27.36 25.36 34,78
B10 A 15.08 30.39 6.61 -1.89 9.34 27.23 25.19 34.60
C#H 15.32 30.21 5,15 -1.89 8.76 27.10 25.19 31.99

AIJE: C3/45C5/6MEEALLEE, P<0.01; /5 C3/45C5/6HEME 4R L%, P<0.01;
8. C3/45C5/6HERAELEL, P<0.01; figd: C3/45C5/6MEMIABLELE, P<O0.01;

40.00%
35.00% |
30. 00% |
25.00% | "525?*3
i B B184

20. 00% OB144
15. 00% O BI04
10. 00% m UBRAC
5. 00%
0. 00%
~5. 00% : 2 ; ?

S F &S FF

LS M Y AN AT NP A

El2-42 #8 w5 T EEREIC3/4, Co/6HEA£2 A VonMises N TIEEMINE 43 H (%)
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AUEH, TERE. EM. 8. Fes8a T 4RIERE B M LA S T ALHE
TN AHMEFHEXF (P0.01) , BFEITEE N EaE. WE. RHEEAT,
2 [ s M R AT ] R 5 B A T 1) 28 P 2 7 WA P 380 Jom B 2 T 4R BB W B
W LA HER B AT, MARE Y BN LA HE RIS P N ) W I N, ARAR
B 5 15 B A AL HE IR 28 9 L A A8 R T vk . B A B 2 1R TE B B A

Wit

K& BUHMEIRAT P AOW S B AL EALRIBT R B AR, 17T R HF I R I
I RBCREI T REEARIR R # LHIBMEROR T ZEREIHER . BB R, FHE
AR TSR FHEMBSE, IRKELTUNTBRFR. EBFAR. Al/EBRKS
FARDNCARR B o HE 18] £ ) BR sl TR B & AR AR IR VIR R RE& AR R AT F AR E0H A
Fiike IEEERBEE N THERIBBT SR WT 5o, SUME N\ TOAE (6] £ 2 e th 2 B B PR ER
EPFTARAIER . FBFAR b THRTIREEREEEHNERBIHERR, #—F
WRBHRRRE, KBTRERESR, EERRERMBESESHEEE. Satio
WHHERDIBR R G, GBI RN MEHMER, FEFERNHEEBEIXT, B
BUMNKYWREBERASE B LR EERRE. HEATRAERRBEZA, FAH
BE % ) B P9 [ S RO P » SR Y R/ B MEAR S /s ) IR R A D b o TR BRI, #E S
RIBATERARKHI, ERERFATRARFNEENE, HERERLES.
Abumi™ 19944 ¥ YRIRIE T ML HE S ARUBETRIT o T B SME DS, BB T RIF
HIRR. BE, MUBRT I, FHES IRIZET N A BE NAEY K E T SUHE 5 BRHERR I
FHE 5 HRBRET A B2 — TG 7T, A BUHEME SARIRET 22 R BRMEAR DI R s R G B
HEAF—EME". Bueff" " F R E TR, FUTMESRIBLTIRGL T LT
R4 R IR TR E . BHJS Jones" LA A BUMERR A 34 HE 5 ARERAT S5O0 BRuB4T
BRI AT T R, LB 45 RUESE T HESIRIRET R D E R B X TIBURET . B
FEXNFRECHBIATHUNER, BRSRBTS5WRBTRENFEERZR
(P<0.001) - STHEHE S HRURET th TAREIBIRIR 1, FEL IESUME G (T B 4645 3T
AERND EREBERAER . BRI S RIRT RA Wz LHMA, EIHESH
ERHHMSERE, B, i THHEHESRA/NEZF LSRR R EHESHER,
EEAN S T5RAMEOERGTIRAELNR, HHEASHKEEETAS.
A AR RS E B R B , —E LR, SMEHES IRIRETRR T A7
2 B SRTHEAR SN AR IR I E 303~ 25161 . Roy—Cami 11e RiA K BUHEHE S HRIBSTZEH
3-FOHIIXFP KB R AT, G, XEFSFHEARGHI, ST
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HSRBATHEANRRYE, BEEESBERF L, SHHSIR ISR ERKY
HHETRE. Karaikovic™ ZEMEBHHENIHBBERT, NA “B” HAHES
WROFBERIELTS, HFHEEREET-F5. Ludwig™ EH THEH S HEHB T Jikk
HESRRMENRIX24%, KRLER R REMRE.

BIHEHE S RIBET P RAE R E X ER SRR MANHES, MHESRHERK
MEFEEERSHAR, BERAENTHM S RBATHEABAREEE, R
ATRIBAMREER, NNATRKMTHEHESIRIZET, ERATHRERBRSG. -
MXRELR CRIEH, BRKNE. T EMEHRERRM TRAMIBLTIRE 1, EHFE.
TR T /MOBET IR A, BRE, PUESUR AL H B AEURAT 1T 247
KAZET AR ARYE, A SEI A A R BE I SUHE ME 5 ARARET RN BURAT N BB A R, BT
REEHE SRR ERRENEB.

KA FRAEIEE BAC2~CT=4F R R A b, B 353 BUR kR T2 M
AR S S IRBAT RSRAT M B R = F BRTERL, WERE. M. W8
RIEFEHA T SRR e, HESREBETN . [ B R AR BRI £ 7,
P S FRRZ [IIZE R, A BUHERE S ARIRET (PR B R SR L A W 24K 308

X FHRTCIT BRI S, CRIRER S KA D EEMETS. 6N, HE—h
1. ONM. WEMREIEN HOETFNAREA TSERTRMEREE. REtAR
ACRAZ P ERAT, ZRBRAA Ry T . MIEH BT m
HHERAR, T4 0RERRARE RS . RIERE R KRN L TR
SE, REEEERRPRHBEATH M, OB FREFEEEDNE. RERR
RIS ERFHEIE B hHEtE B, WTF=4 BRFES MES), XHTEETM
BHBEENSHGE, XRAEWH%EZINRR. FIEEAEESD, FENZ
HFBEHERREE S, XHAENBERFTLE LHFARNFEE. B TFERRETEEEAGL
EEESTRNE SRS, FHERERRAEENA.

EFERESEE LRGSR R : O TRERREREERNE. A6k TR
THREFEBEMBEAREX, REKRE, EREMREEANE LR TIAEREM,
ERMBTR TR FHEMEE. X530 —80™, AT &R EBENARSLE
¥, BHEE AR SRR R ER e AR, REVIREAMWEME, 7l
BEIAEREHTAMMERE; XPRBTEMEREW, EIR#EEHRKHRE
BIMHAER, FIUYIRXYRERE LR TRENRRE ., SHESRIZTEEHE S
PR IR4T B e A AE B Fh TR T RIEE AR B3 b, B2 5Bz et
WIEFEH. B2, K& h26mmiE SRR RAE K B 10mniE S RBATIEE AL B
BN, MEFEESEMZER (P.05), 26mmi S RIBSTR B EMATSE, KER
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26mm. 18mm. 14mmiE SRPET B Gt 2B RA=ZFEMNBEREHEZES (P0.05),
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