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Abstract

Abstract

Obijective: (1) To establish three kinds of three-dimensional finite element
models of normal spinal thoracic and lumbar vertebrae (T12-L2), subtotal
corpectomy cylinder mesh cage reconstruction, and posterior 1/3 corpectomy
rectangle cage reconstruction. (2) The validity of the finite element model was
verified by comparing the past three dimensional finite element analysis and in vitro
biomechanical study. (3) Comparative analysis using three-dimensional finite
element method, the traditional anterior subtotal corpectomy cylinder mesh cage
reconstruction and posterior 1/3 corpectomy rectangle cage reconstruction for the
treatment of thoracolumbar burst fracture early postoperative stability, endplate
interfacial stress and stress distribution in plants.

Methods: (1) Select 1 healthy adult male volunteers, through the examination to
exclude spine related diseases. Access the DICOM format file by useing of the spiral
CT scanning of thoracolumbar segment T12-L2; three-dimensional reconstruction by
Mimics 17 and the reverse engineering software Geomagic Studio13.0, obtained the
IGES file into ANSYS software; further improve the intervertebral disc and
ligaments, The finite element model of normal T12-L1 segment is established
(model A). (2) Based on the finite element model of normal thoracic lumbar, thoracic
and lumbar vertebrae simulation for anterior decompression and internal fixation,
respectively establish subtotal corpectomy cylinder mesh cage reconstruction of
three-dimensional finite element model and posterior 1/3 corpectomy rectangle cage
reconstruction of three-dimensional finite element model. (3) In ANSYS software,
Constrained L2 vertebral inferior surface and inferior articular process, 500N preload
was applied above T12, the upper surface of T12 vertebral body was 400N, and the
upper articular process was 100N; Additional moment of motion is 7.5N/m, to
simulate the movement of flexion, extension, left and right lateral bending, left and
right rotation and axial compression, validity of the three dimensional finite element
model was verified,and The stability of two models, the stress near the endplate and
the stress in the plant were compared.

Results: (1) This experiment successfully established normal human
thoracolumbar spine (T12-L2) three-dimensional finite element model, and previous

research activities similar to that model, a three-dimensional finite element model
Il
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established in this study method is accurate and reliable, the model can be used to
further study. (2) Comparison of three dimensional finite element model of the
subtotal corpectomy cylinder mesh cage reconstruction and the three-dimensional
finite element model of the posterior 1/3 corpectomy rectangle cage reconstruction,
The stability of the two models is similar, and the stability of the spinal column can
be maintained after the reconstruction of the two kinds of fusion devices; Under
different conditions, the peak value of the inner plant and the adjacent endplate
surface of the three dimensional finite element model of the subtotal corpectomy
cylinder mesh cage reconstruction was higher than Three dimensional finite element
model of the posterior 1/3 corpectomy rectangle cage reconstruction.

Conclusion: (1) In this study, we use Mimics, Geomagic Studio, ANSYS and
other software to quickly establish the three-dimensional finite element model of
human thoracolumbar spine (T12-L2). The validity verification shows that the model
can be used for further simulation analysis of Biomechanics. (2) To maintain the
stability of the spine, the posterior 1/3 corpectomy rectangle cage reconstruction with
the same effect as subtotal corpectomy cylinder mesh cage reconstruction. (3) After
using a new rectangular fusion device to reconstructive, the peak value of the stress
of the adjacent vertebral endplate and the inner plant decreased, which is a better
fusion device.

Keywords: Anterior approach, Thoracolumbar spine, Burst fracture, Fusion cage,

Finite element analysis



H x
B . I
B . I
B R o %
=11 1
Sy > g S IS ESH g o 4
— R 4
(S - PP 4
2 . 4
T . 4
1. IEFEMEE T12-L2 TR =4 ARTRBMaE............... 4
2. R&YIREMBERERSHHER 1/3 VIREBESRER=
EAMRITEBEMMIE . 5
MR EHESHAME. ..., 6
A FEHERR. ..o 6
B R e, 17
5 7 58
. 63
SCHRERIR. . .o 68
B 80



CONTENT

CONTENT
ADSTFAaCt IN CHINESE........oiieeec s I
Abstract in ENGLISN..........cooooe e I
CONTENTS. ... \'
INEFOTUCTION. ... 1
Materials and MEtNOAS............ccovrieic e 4
=3 MALEFIAIS........oec s 4
1.Experimental ODJECTS...........cccoiviveiciecicecii e, 4
2. Experimental eqUIPMENT...........ccccocciiiniicieiieee e 4
T2 IMEBENOUS. ... s 4

1. Construction of three dimensional finite element model of normal
thoracolumbar T12-L.2 Segment...........ccoooovieceieccecceee e, 4

2. Construction of 3D FEM of rectangle cage reconstruction and

cylinder mesh cage reCoNStrUCtiON............ccooceuvieiciciecceceeee e, 5
3. Boundary conditions and 10ading............cccccccooevieicvieiccsieececee s 6
4. OBSErVALION INAEX.........coiieieisee e 6
EXPErimental reSUlt..........ccccoooiiiic e 17
DISCUSSION........ovuiiiiiicieiiiecie et 58
CONCIUSION......coti s 63
REVIEBWET.......ooiiie e 68
TRANKS. ..o 80

\



=
ull

e

Al

][]

Pt B A A 2 ) R R T A 5 1 i o7 PR A RV R AT X3,
FEAE RS R ASIC X, AR AR B N B AL, I IX R E R 1 2 R
WAL, ARG 60% o HIEAERRALE TR 2 R SRR ARG AL, 4 A
T AR 1) 10% 420%™, BRELETRER 17 A0 PRI E T AR BTN RE, BT
JEARES, I8 RN T RERERS o X T S R ME AR LT I, ORI 7 M LR =
JIR, FARBITREHEN TR . FARaTsF AR Harva )7 it 224 g4
BEEIIE " W RR W, MR AT R A R BRI AT
TEY L BAEAAE U LR b, B 7 SRR A, R RGO T A A I
AR AR A TR B SR, AR S A TRE KR
it RAFIZAE, JFE AT BB e EWTE: R4k, AT PRI E G HE
E, WFHERPE R E G R

AT FARAR AR, 38 I Al 2% N AR 28 8 0 0 i R A (K AR R
T REME R LG I AR YT B OREE, AR TIRE DR BRI Fee ™, FARIBIT
(P 2% B I SEI AR &, DB IR AR, R [ S X s 2 Ik
e G2 i i F- AR A FE 4 VISR B0 R 2 3 B 5 ME, B TR RIS FH 3
%, HEARZRIRRG . A HERR A AN D) 55 i UZ 5 IR R R AE B A, F SO
M) A R 2 T R B B R R 2 — . PEERAE SCRRIRE, BRI R AR
E 19. 6%-75%2 )", “FYIRFEFEEE AT ik 8-10mm ', FFAT SRR EHE", 5
BT IR f R R, B R, B A R S A O RE,
25 6 R B AR PR L B T T AR YT AL

TR GERRAE R AT BE T ARATHER IR A V)0 75 ZE L BRAGHERI R i, 3 AR
B2 H L R AR, KRR, B R. [, BT s ek,
[ T il 5 2 8 A L 1 R S S R AN V) D BT B T R R
REa A BOR, e ITEEER, WIRESEITESF AR LG, AR
FRAANAL G MER R DIBR #EAT St S th A MEA BRUIBR WL £, JF B WA Bt FE
ARG EEEE ChERELHS: 201010607719.3) (& 1. i H %
ERE, RPXFVIRGHES 1/3 &5, Bhaas i MRG0 DR Dt KR

1



i3

Hi

gy, I L AR BT a) g N AN RN AR, RORI AR &, [N e e B
Ve NMEE I Bt — B 1R

BEAE RSN A 2 S iR WY, AR AT L, W) S SE B AL SR LN
B, WRIRBE VI ORI, F A PR DDA i ) ol & 28 e, (A
AR, R A T BRI T B AR R RE R o A AR FE R W i Y i
ELAT AU SR T P ] 52 AL VT I A IR 2 A I — R BT T ik AR, 12 05VEA
Xt T ARG AT OIME IR 2 DB [ 1F R s B S AL o 24 ) S TR 1o AN B 4575
BB, IF HAZ AR )T MR I 2 5 S A St e e DI R IR e Al &
s EE R MFERARNE, Wi PRk,

[ 1974 4%, Belytschko' ™ ¥ WA I BRIC/HT 7 40 Wil A A= 0 2 1) /L
i S B BRIC AT I VELE B R A 2 3 v B I E 3« 5 BR TG 43 R 1Y
B Jir PR S5 A B AN R B R A A FRAS B B, e il — A BT
Frve o LB R AR R, 285 HCHE e 5 F e el IR R, K% Hon e
AR LARAG — BT RE, AL 22 R T A SR, AT 58 Ext BEA ] (14 73 #r
WA, EEEARETT. . B HEERE AR ER], HTEEAUBE AR AN
TR BB E RN EE— D5, TR T MrisAE B A J1 5 (R RT H
mEt, BEA AT SN AN KRR R, A IR IT o 7 e B B () R
PSR iz, B ATA R ik C e s i B S ANl o
BT IEL

i) v e E il Il =2 N s i a4 DN < VA S SN DB i DN v N £
GeLEW) 715 T I AN RE AL S0 75 2, A7 IRIT 70 Iride e A A T H S LB SO S b
ALE T2 SR — R R 50k, R AR G bR A L) T AT SR AN SE AN BT . A
ARG RIS A A S0 78, BIRJTEBA BAbr. WTEE MR, T H/EER
SEULH . AT PR TT VAR B O A [ E T T BB R A Von Mises A7)
AT, ANCRT R AL N A 0 AR, L n] ey AR S B o 2 T B ARt . AT PR
TERBURT 5L et — 25 IR B A A A A, DAME R B e T e 4
A [ 5 A A ) st SR AR AR, B OuIR YT 5 SR AR E SR A IR S
Ff o ARSI A BRI %, Rt R & ds B G & H TR T
FEMERRZL T T AW g i, BT 1 I A AR BLA RO AR N 11



Hi

illls

UL, IRIHOTHEIG 1/3 VIBRAAE ) ] Rl 5 4% B (IR At B i 2R R A S A



SEIAARL S SEIR T i

S g SRS M P

— SEIeMH

1. IR

W — 2R SR, 26 %, B 175em, MK T0kg, ZEEHD
FNTE A R SER A S E, I HA B B RIS, 18I A AR A B R A A
T FAMAR P s o P EAE CT LA SN IR (A (T12-12) #4747
fi, HIEEREN 0. 65mm IR =48 CT R 147 7K. AR IINEGEEAEAN
CT ML, FFHZISERN DVD Yo, L DICOM UM RARTE, IR R T 2 7 i
HE T2 48T T A

2. LIS

FEE VG764 ARIEAE CT HL, 2% F: BJE 120Ky, HEUR 250mA ([ TR
Bt JeB AR g = B A )

THENL TR, AR /BT 300 LEwG, CPU: (Je4§#/K) Intel (R) Core (TM)
i7-6500U CPU @ 2. 50GHz, fif £t: 700G, WAF: 12G, f2-R: 57, AMD Radeon (TM)
R5 M330.

HAEEAE Minics17.0 (Materialise 2@, LRI

Geomagic studio 2013 (Raindrop Geomagic A, F[H)

ANSYS C(ANSYS A#], FEHE)

o BT MU S A 2 I S TR, Bl T I BT S AR A TR A

GIEE
=\ SWHE

1. EEMEH T12-L2 HE =4 AR TiRRmaE

L. 1 RGBT CT BERE SRR (T12-L2) =4 LA

P15 2 1 M IEME B 46 £ s DICOM 4% KO SN = 4EH 2 Mimics AFH,
Mimics A8 804 BIRALFIRE WAL LA K et IR A A B, 3 = A0 P m A G BE,
i AR e (B 2). ARHALUKEEAR, nldEd Mimics P4 RIME



SEIAARL S SEIR T i

S E TR TR BUR 44, FEAE SR (B 3). S8 3T Mimics # T A Edit Masks
AN S HERR 52 IR B BRI B S AR R, AR IEHE T12-L2 524, FFdid it
P Caculate3D DREZET, A5 M EAE T12-12 B B¢ AL =4 J LB . R )5
WL Wrap ThEESHAMERL N ZSBR, H Smoothing #iy & W RLHEAT 4125 (- Ak
OB 4, AREIRERE (T12-12) =48 LR I DL STL 4% 305 H R A7

1. 2. REME (T12-L2 7B =4 U750 PIA% Rl 4

W Mimics BAF S I AEAE (T12-1.2) =4k JUATRERL STL A& et —2 &
A Geomagic studio ™Y, Xf =4 U(IALHE— D REmE Jalig. Witk (&5, 7E
Geomagic studio A5 F, Wi gmiBICEL . Mig i)y MGk, s
TSR A, SR e (T12-12 9B =48 UL b s &) 23 (1B 6).
BEALLL TGES & X3 H IR AE

1. 3. fEHE (T12-L2) =4 JUAMTARTIMBHERIR . AMARIL. MR I HR
T AFAREE A AT ELHE

H T R K1) 23 5 49 2 TGES M XU S N B BRIC /BT ANSYS B, AR Rk
T12-L2 =Sy (B 7). RAGI PRI R, @ik ANSYS @ BiThae,
B T12-L1 DL L1-12 5 BeE &L (B 8-1. 8-2), HMEm] 454y 2 il FE A 4545 i B
IR AR AL T HEMRI B PRI RA 0 ) BEAZ AR 24 o AN HE TR B A RRIET 43%,

SRS HEAT AR RS )53, A% ) 23R P DY T 8 715 £ s011d185 BT, 3k
FFHLTC 231086 A K1 ki 43429 Ao ARMIRE R JE, 9 ORAIE/N AT TIAE A A P Y
IEHAER, AR TTABAR AR/ T, € SO E B s, BEBEFECH 0. 01,
AR R T BRI, PR A A S 10 iy 5 P AR 5 7 M A T AR S
M (R . G BP0 BRI . B R0 By DL i
), WA S5 SRH LINKISO FReAs . B, MRS BEAEIT 78 SCmkic ™™,
WLT AR SR R AT RHEYE (R 1), FERUEHE B =400 IRTB A . (K
9-1. 9-2),

2. REVIRERMEFEZULGHE 1/3 VIRELMESRER

A= RRTEE MR

2. LR RS EEMESRULERRS SRR
£ Ansys BAFH, R HEEIIRE, RAE KA R RPN NEESE, M

5



SERARL 5 SEI6 T i

REDERG . SR RE 8 SR B i (B 100 11, HRHESERR A
X A [ AR R AT O 2 ik, DA AR R A BR TG 2 B K

2.2. MM R ERAFE MR

FE ANSYS A Hxf IE AR AT L1 MR IR V)RR LA RMEAR S5 1/3 1)
B, Forh A DIBRAARUAE AR T 0 U SO+ R TR il & 2 B A, A )S 1/3
PIBR R ot B e SO+ T Al A 28 B A, 76 ANSYS Hh A i A1 138 B Th g 56 B
W I & SHEAAR I Z5 &, BRET S MEAARTN O R SCRZEEIE €, A UBe i R4
AR (B 12, 13D,

SR AT H AR RS K153, AR RS K1) 43 [R) R R FH DU THI A4S 8 15 52 s011d 185
T, HA RS S RIS BT 209858 AN KT R 44556, HFFERLA 2R 43k
FFHIG 233139 A S5 A 489200 E SUNKRATRTE AN AL, SN A BB S R A
BT AP RHR M, FRARMEARI T e BRI (R Do SRR VIR R AL S
L SMES 1/3 VIBRHE Y Al 25 5 2 Al 2 RS =4 PROCRAR 1k 2 (&
14, 15).

3. W FFHEHEME

2R L2 MER T RIS/ N R R AT H BN 0, F T12 HEfR E& N
H 500N FHAAT CHrpMERR (5 85%, /N5 16% ™), 1EH J13 5] 434 T4 5 14
RGBT R . TS A A e S ) R4 s s, T inEk 7. 5Nm
BB 158

4. YRR

4. 1. B FRICEARE A R RAE

ARAFIEHIOIEME (T12-12) =4EARRcBEMAAERTE . HM. Z2AM0E TR
TG, SRR SRR E S AR SN ED) )1 S ge R L

4. 2. XM B A S EEARFHE

PABASERT R . B A A e KR R E s B S, Bk
Rl A B AR S A A AR B e R B I E, LU &S aNTE T T PRl il & 48
HARERACEFERORR e M BT . A A | A e T A
FEARIZEIER T, BAhfe 38 E @ AR5 = 4e 1 IRoeRA o R U b . Rl G 28 B )
WEEAE DA B T12 T 2&ARifl L2 BRI RIN JJUE(E (Von Mises BiJ1).

6



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

